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Present Situation and Prospect
of Diagnosis and Treatment
of Colorectal Cancer

Jianping Wang

1.1 Epidemiological Trend
of Colorectal Cancer
1.1.1 Distribution Rule of Colorectal

Cancer in the World

Colorectal cancer (CRC) is one of the most com-
mon malignant tumors. The probability of suffer-
ing from colorectal cancer in a person’s life is
6%. There are about 1.20 million new colorectal
cancer cases in the world each year. Nearly
600,000 people die of colorectal cancer each year.
Among all malignant tumors, both incidence and
mortality of colorectal cancer are in the third posi-
tion. In recent years, incidence and mortality of
colorectal cancer in western-developed countries
have decreased a little, whereas incidence of
colorectal cancer in developing countries has still
showed a rising trend [1].

1.1.2 Distribution Rule of Colorectal
Cancer in China

Among all malignant tumors, incidence and mor-
tality of colorectal cancer are in the third and fifth
position, respectively, with a slight difference in
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different regions. In 2000, there were about
150,000 new colorectal cancer cases in our coun-
try, and nearly 80,000 patients died of colorectal
cancer, and it showed a rising trend [2]. Over the
past 20 years, epidemiological trend of colorectal
cancer in our country has changed and showed
some new characteristics: (1) Colorectal cancer
showed a trend from low to high incidence. As
the population base of our country is great, the
absolute number of cases suffering from colorec-
tal cancer and cases that die of colorectal cancer
have surpassed that in the United States in recent
years. (2) Rising trend of incidence of colon can-
cer is more significant than that of rectal cancer.
(3) Low rectal cancer accounts for a high propor-
tion, and early-stage colorectal cancer accounts
for a low proportion. (4) Young people (<30 years
old) account for a high proportion; average age of
rectal cancer cases shows a trend of approaching
to the level in developed countries [3].

1.2  Diagnosis of Colorectal Cancer

1.2.1 Significance of Diagnosis of
Early-Stage Colorectal Cancer

Radical surgical resection is the only opportu-
nity to cure colorectal cancer confined in the
intestinal wall. Therefore, it has 80 % of the
opportunity to cure colorectal cancer still con-
fined in the intestinal wall in definite diagnosis
and nearly 90% of 5-year survival rate after
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performing radical surgical resection. However,
if there is lymph node metastasis, 5-year sur-
vival rate will decrease to 60% or so [4]. In
general, earlier stage of colorectal cancer leads
to a higher survival rate, and natural prognosis
study on colorectal cancer indicates that early
discovery is the most important measure to
reduce disease-related mortality.

As onset of colorectal cancer is not obvious,
clinical manifestation lacks specificity. About
60 % of colorectal cancer cases have had lymph
node metastasis or distant metastasis when diag-
nosed [5]. Therefore, overall prognosis of
colorectal cancer is still not optimistic at present.
Although pathogeny of colorectal cancer is not
clear, there have already been many reports on
pathogeny-related risk factors during the course
of development in the order of “normal mucosa-
adenoma-adenocarcinoma,” which provides the
possibility of colorectal cancer screening and
early diagnosis.

Zheng Shu et al. carried out colorectal cancer
screening by adoption of fecal occult blood test
(FOBT) combined with sequential screening
scheme. Eight-year follow-up results show that
case fatality rate of colorectal cancer of screening
group is lower than that of control group by
14.7 %, of which that of rectal cancer is reduced
by 31.2 %, which indicates that primary preven-
tion may intervene in and prevent the occurrence
of colorectal cancer and secondary prevention
can still reduce case fatality rate after occurrence
of tumor [6]. Data of US National Polyp Study
demonstrate that adenoma canceration rate is
directly proportional to age and size of adenoma.
Resection of adenoma may significantly reduce
incidence rate of colorectal cancer [7].

The present study indicates that hereditary
colorectal cancer accounts for about 20 % of the
total colorectal cancer. The most common heredi-
tary colorectal cancer includes familial adenoma-
tous polyposis (FAP) and hereditary nonpolyposis
colorectal cancer (HNPCC). The former relates
to APC gene mutation, whose manifestation is
more than 100 diffuse adenomatous polyps in the
large intestine, or there is definite familial history
or hyperplasia occurs in congenital retinal pig-
ment epithelium although the number of polyps

is less than 100, while the latter relates to mis-
match repair gene (hMLH1, hMSH2, hPMSI,
hPMS?2, etc.) mutation, whose manifestation is
familial aggregation, where tumors are mostly
located at the right colon, and extra-colorectal
tumors frequently occur. Therefore, mutation
detection of the abovementioned genes may pro-
vide reference for early discovery of hereditary
colorectal cancer [8].

Because of the living standard, hygiene and
health consciousness, and technical reasons, even
in relatively developed provinces and municipali-
ties in our country, the large-scale survey system
including endoscopy for colorectal cancer, as
established in European- and American-
developed countries, has not been established;
early diagnosis rate of colorectal cancer is low in
our country. Overall 5-year survival rate is not so
satisfactory either. How to establish an effective
and convenient survey system to provide inter-
vention and prevention during the course of
development in the order of “normal mucosa-
adenoma-adenocarcinoma” or realize early diag-
nosis after tumor is formed, which is a topic that
each of us — colorectal surgeons — must consider
carefully.

1.2.2 Significance of Digital Rectal
Examination in Diagnosis
of Colorectal Cancer

Digital rectal examination (DRE), as a simple
and important examination method, has great sig-
nificance in early discovery of anal canal cancer
and rectal cancer. As mentioned above, incidence
of low rectal cancer is high in our country. About
75 % of rectal cancer may be touched when con-
ducting digital rectal examination. Among the
cases where diagnosis of rectal cancer is delayed,
about 85 % do not receive digital rectal examina-
tion. In addition, DRE may help judge the site
and size of rectal tumor and its relation with adja-
cent tissues, such as prostate, vagina, etc., and if
there is pelvic-planted metastatic node of colon
cancer, etc., and provide reference for making
clinical decisions. Therefore, digital rectal exam-
ination has important significance in the diagno-
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sis and treatment of rectal cancer. If a patient has
symptoms such as there is blood in his stool or
his defecation habit changes or his stool deforms,
conventional digital rectal examination should be
conducted.

1.2.3 Significance of Endoscopy in
Diagnosis of Colorectal Cancer

Endoscopy includes proctoscopy, sigmoidos-
copy, and colonoscopy. At present digital rectal
examination and colon fiberscopy are the basic
means to examine colorectal cancer. Electronic
colon fiberscopy is widely used in clinical appli-
cations. Endoscopy can examine the total colon,
can even examine the pathological changes in the
terminal ileum, and may obtain pathological
biopsy simultaneously to define the nature of
pathological changes. What should be stressed is
that when a great colorectal tumor is discovered
by colonoscopy, making the intestinal cavity
become too narrow to allow the colonoscope
body to pass, endoscopy has been unable to
examine the total large intestine mucosa before
operation. So the intestinal canal that has been
examined by preoperative colonoscope should be
examined more carefully during operation. When
necessary, intraoperative colonoscope may be
used for further examination to avoid omission of
missed diagnosis of simultaneous multiple pri-
mary carcinoma or other adenomas.

It is indubitable that endoscopy is sensitive to
the diagnosis of colorectal cancer, whereas such
examination method still has some limitation.
For example, examination results are affected by
examinator’s operation level. Study shows that
about 13% of 5-9 mm adenomas and 27 % of
less than 5 mm adenomas are missed in diagno-
sis. Even if the size of tumor mass is greater than
1 cm, the rate of missed diagnosis still reaches
nearly 6% [9]. In addition, such examination
may be affected by the blind spot of the endo-
scope and has such risks as perforation, bleeding,
or even death. Despite this, no other examination
method can replace the important role of endos-
copy in the diagnosis of colorectal cancer at
present.

1.2.4 Other Diagnostic Examination

1.2.4.1 Fecal Occult Blood Test

Since Greegor took fecal occult blood test (FOBT)
as screening method in 1967, FOBT has still been
the main screening method except digital rectal
examination and endoscopy up till now. Results
of a study that involves 300,000 objects and fol-
lows up them more than 18 years show that
sequential FOBT may reduce mortality by
13-33 % [5]. However, as colorectal cancer often
does not cause bleeding at early stage, sensitivity
of FOBT examination of colorectal cancer is only
27-57 %, and that of adenoma is only 8 % [10].
Food containing peroxide may cause false-
positive FOBT result. Therefore, positive FOBT
result cannot definitely diagnose colorectal cancer
or adenoma. It just indicates the possibility.
Further examination and confirmation are needed.

1.2.4.2 Double-Contrast Barium Enema
Double-contrast barium enema (DCBE) is one of
the important examination methods for colon can-
cer, with little significance in the diagnosis of low
rectal cancer. As sensitivity and specificity of
DCBE on the discovery of colorectal cancer are not
as good as endoscopy, and endoscopy may conduct
pathological biopsy or excise adenoma simultane-
ously, clinical application of DCBE becomes less
and less. However, reoperative tumor localization
of DCBE is better than that of endoscopy.

1.2.4.3 CTC and MRC

Sensitivity and accuracy of computed tomogra-
phy colonography (CTC) to discover colorectal
cancer are almost equivalent to that of tradi-
tional colon fiberscopy [11]. So it is also called
virtual colonoscopy. In addition, CTC can still
examine colorectal cancer infiltration and adja-
cent tissue involvement to a certain degree,
especially whether rectal cancer invades the
bladder, uterus, and pelvic wall or not, and at the
same time examine whether there is lymph node
beside the intestine or not, and whether there is
lymph node metastasis beside the abdominal
aorta or not, which has important significance in
the preoperative staging of colorectal cancer
and selection of treatment scheme.
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Magnetic resonance colonography (MRC) is
superior to CTC in the aspects of judgment of
rectum and anal canal cancer infiltration and dif-
fusion range, preoperative staging, identification
and diagnosis of postoperative recurrence, etc.
Both examination methods are noninvasive, but
results are greatly affected by machine, X-ray
image-reading level, etc.

1.2.4.4 Endorectal Ultrasound
Examination

Endorectal ultrasound (ERUS) examination may
clearly display five hierarchies of the intestinal
wall, i.e., the mucosa, muscularis mucosa, sub-
mucosa, muscularis propria, and serosa, and can
provide visual judgment on thickness of each
hierarchy and homogeneity of echo. It can pro-
vide a general judgment on rectal tumor size,
infiltration depth, relation with adjacent tissues,
etc., and thereby relatively reliable preoperative
staging can be determined. Especially when rec-
tal tumor is small and infiltration depth is T1/T2,
ERUS has important reference value for selection
of treatment scheme of low rectal cancer.

1.2.4.5 Positron Emission Tomography

Positron emission tomography (PET) relies on
high metabolism of tumor cells that is different
from normal tissues and makes a judgment on
whether there is tumor or not after examination
of local metabolism of the human body. It has
important reference value especially in judgment
if there is postoperative local recurrence or dis-
tant metastasis of colorectal cancer and reaction
of the human body to chemotherapy drugs. It is a
noninvasive examination mean with highest sen-
sitivity and specificity at present, which can dis-
cover about 5 mm-size pathological changes.

1.3 Present Situation of
Treatment of Colorectal
Cancer

1.3.1 Selection of Operation Method

Basic principles of colorectal cancer operation
are to (1) pay attention to “no-touch isolation
technique,” (2) appropriate intestinal segment

resection, and (3) normative lymphadenectomy.
As for simultaneous multiple primary carcinoma,
surgical resection should be strictly subject to
colorectal ~ cancer  operation  principles,
respectively.

1.3.1.1 Operation Method for Colon
Cancer
Determination of operation method for colon
cancer depends on the site of tumor and its rela-
tion with the peripheral organs, including the
right colectomy, transverse colectomy, left colec-
tomy, sigmoid colectomy, and related extended
resection. If tumor is big, locally invades periph-
eral organs, such as colon cancer of hepatic flex-
ure invades gallbladder and right kidney, colon
cancer of splenic flexure invades spleen and left
kidney, transverse colon cancer invades gastric
wall, etc, we can conduct the extended radical
resection for colon cancer and internal organs.
Complete resection will result in good effect.
Surgical treatment for obstructive colon can-
cer is aimed at eliminating obstruction, excising
tumor, and restoring the smoothness of the intes-
tinal canal. As for the right colon cancer obstruc-
tion, there is no dispute on performing first-stage
resection and anastomosis. As for the left colon
cancer obstruction, whether or not to perform
first-stage tumor resection or first-stage anasto-
mosis should depend on systematic status of
patient, local infiltration of tumor, and surgeon’s
technical level. Because of the popularization
and application of intraoperative intestinal tract
lavage, the progress of nutritional support treat-
ment, and the development of surgical ICU in
recent years, more and more scholars prefer to
first-stage resection and anastomosis for obstruc-
tive left colon cancer patients in feasible
conditions.

1.3.1.2 Operation Method for Rectal
Cancer

In recent years, discussion on operation method
for rectal cancer focuses on how to make patients
obtain the highest living quality in the condition
of ensuring radical treatment of tumor. Radical
treatment of tumor must ensure complete resec-
tion of tumor, low local recurrence rate, and long
survival time. Improvement of quality is mainly
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reflected by anal preservation rate, postoperative
defecation function, sexual function, etc.
Therefore, a great deal of clinical study concen-
trates on the comparison of advantages and dis-
advantages between low anterior resection (LAR)
and abdominoperineal resection (APR) or discus-
sion on the safety of local resection for rectal
cancer.

The study on biological behaviors of low rec-
tal cancer infiltration and metastasis indicates
that appropriate distance between the remote
resection margin of low rectal cancer and the
tumor is 2 cm. This concept causes LAR opera-
tion to be widely generalized. Combined with
total mesorectal excision (TME), it has preserved
most patients’ anuses, while those patients had to
receive APR operation in the past. There is no
significant difference in operative complications,
recurrence rate, and survival rate of both opera-
tion methods, but living quality of the patients
that receive LAR operation is obviously better.

Sexual dysfunction is a common postopera-
tive complication of rectal cancer. Along with
the increase in young rectal cancer patients and
extension of survival time, their requirement for
living quality is also gradually improved. Sexual
dysfunction increasingly attracts attention from
rectal cancer patients. Pelvic autonomic nerve
preservation (PANP) is an operation method
that identifies and preserves the pelvic auto-
nomic nerve on the premise of ensuring radical
treatment of tumor. PANP plays a significant
role in the prevention from postoperative sexual
desire disorder of rectal cancer, erectile dys-
function, ejaculation dysfunction, urinary dys-
function, and vagina ache. The author’s unit
compared male patients’ erectile function, ejac-
ulation function, local recurrence rate, and
5-year survival rate between 105 cases that
received PANP operation and 110 cases that
received no PANP. It discovered that incidence
rate of sexual dysfunction among patients that
received PANP radical resection of rectal cancer
is about 30 %, equivalent to that of patients that
received sigmoid colectomy, but obviously
lower than that of patients that received conven-
tional Miles — 43-67 %; PANP also plays a sig-
nificant role in protecting postoperative sexual
function of female patients, whereas the effect is

not significant in posterior pelvis dissection
[12-15].

The key to PANP operation is to get familiar
with anatomical characteristics of the pelvic
autonomic nerve and lymphatic metastasis rule
of each segment of rectal cancer, pay attention to
the sense of anatomical hierarchy during opera-
tion, and fully expose operative field when con-
ducting operation below the peritoneal reflection.
Serious damage to the autonomic nerve is likely
to occur at the following sites: (1) the left trunk of
the abdominal aortic plexus when cutting the
inferior mesenteric vessel, (2) the superior hypo-
gastric plexus and hypogastric nerve in posterior
rectal separation, (3) the inferior hypogastric
plexus and pelvic autonomic nerve in lateral sep-
aration of the rectum, and (4) the erectile nerve in
anterior hepatic separation [16]. PANP operation
requires the surgeon to have a rich operative
experience and anatomical knowledge. In our
country, such kind of operations is mainly limited
to a few large hospitals, which needs further
generalization.

There are more and more study reports related
to local resection of rectal cancer. Theoretical
basis of such kind of operation is that when path-
ological change is limited in the mucosa and not
beyond the muscularis mucosa, there is almost no
lymph node metastasis risk; but when pathologi-
cal change invades the submucosa, the probabil-
ity of occurrence of lymph node metastasis is
nearly 5 %. So when pathological change is lim-
ited in the mucosa or muscularis mucosa, radical
treatment can be achieved just by resecting the
site of pathological change instead of local
lymphadenectomy. After local resection, patients
are subject to the risk of postoperative local
recurrence and metastasis. So indication of local
resection of rectal cancer should be strictly con-
trolled, and overall consideration should be made
according to preoperative staging, pathological
situation, and systemic status. A scholar had once
reported that when pathological change is limited
at T1, there is no significant difference in recur-
rence rate and 5-year survival rate between local
resection and traditional APR results [17-19].
Although these study results are encouraging,
when pathological change is limited at T2,
whether or not local resection is suitable and
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whether or not auxiliary chemoradiotherapy is
needed after local resection operation are the top-
ics not solved yet. Along with in-depth screening
work for high-risk population of colorectal can-
cer, undoubtedly more and more early-stage
colorectal cancer will be discovered. As one of
the important operation methods, more and more
attention will be paid to rectal cancer local resec-
tion and it will be more and more widely used. Its
safety and effectiveness urgently need demon-
stration through large-scale multicenter random-
ized clinical research.

1.3.2 Significance of Total
Mesorectal Excision in Rectal
Cancer Treatment

1.3.2.1 Definition of Total Mesorectal
Excision

Total mesorectal excision (TME) is to conduct
sharp separation in the clearance between the vis-
ceral pelvic fascia and parietal pelvic fascia of
the anterior sacral under direct view during the
radical resection of middle and lower-segment
rectal cancer so as to completely resect the vis-
ceral pelvic fascia as well as fat, connective tis-
sue, blood vessel, and lymphoid tissue at the back
side of the rectum that it wraps, making resected
part of the mesorectum at the far end of the tumor
not less than 5 cm and distance from the intesti-
nal canal resected to lower edge of the tumor not
less than 2 cm.

1.3.2.2 Significance of Total Mesorectal
Excision

The TME principle, proposed by Heald in 1982,
is one of the basic principles that should be
observed in the operation of middle and low rec-
tal cancer at present. It has great significance in
reducing postoperative local recurrence rate of
rectal cancer and improving anal preservation
rate. TME places emphasis on sharp separation
between the visceral pelvic fascia and parietal
pelvic fascia, completeness of the visceral pelvic
fascia, avoidance of residual tumor in the meso-
rectum, and reduction of postoperative local
recurrence rate. In 1995, McCall et al. analyzed

over 10,000 colorectal cancer cases. Data showed
that overall local recurrence rate was 18 %, of
which 1033 cases received TME operation;
recurrence rate was only 7% [20]. In 1998,
Kockerling et al. also reported 1581 colorectal
cancer cases, of which local recurrence rate of
rectal cancer of the cases that received no TME
was 39 %, while local recurrence rate of the cases
that received TME operation was only 10 % [21].
In the past, it was thought that the intestinal canal
resected should be 5 cm from lower edge of
tumor. But on the premise of TME, a distance of
2 cm has been enough from resection margin at
remote end to lower edge of tumor, which makes
about 77 % patients obtain radical treatment and
preserve their anuses [22]. Furthermore, TME
places emphasis on separation between two pel-
vic fascias under the direct view and realizes
PANP operation. It plays an important role in
prevention from postoperative micturition dys-
function and sexual dysfunction of rectal cancer
patients [12].

But a report showed that compared with the
previous operations, TME would increase
operation time, intraoperative bleeding amount,
incidence rate of anastomotic leakage, and hospi-
talization time [23, 24]. These are closely associ-
ated with surgeon’s operating level. A study
showed that TME operation carried out by special-
ist physicians of colorectal cancer can not only
shorten operation time, reduce bleeding amount,
and reduce operative complications, but also sig-
nificantly decrease local recurrence rate and
increase 5-year survival rate [21, 25-27]. Many
European and American countries have realized
this problem and implemented colorectal special-
ist physicians training system. But in our country,
there is no standardized training and access system
for colorectal specialist physicians.

1.3.3 Dispute on Lateral Pelvic
Lymphadenectomy for Rectal
Cancer

Eastern and western scholars always have dispute
on whether or not conventional lateral pelvic
lymphadenectomy (LPLD) should be performed
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for rectal cancer. Most Japanese scholars believe
that lateral lymph node metastasis rate is between
14 and 29 %. Lateral lymphadenectomy may
result in reduction of postoperative local recur-
rence rate by nearly 50 % and increase in 5-year
survival rate by about 10 %. Therefore, conven-
tional lateral pelvic lymphadenectomy is recom-
mended. Japanese scholars proposed extended
radical resection for rectal cancer by dissection
of Clearance A, B, and C of the peripheral con-
nective tissues of the rectum, of which A is the
tissue resected by the aforesaid TME, B is the
inside dissection of the internal iliac artery of the
lateral lymph node, and C is the outside dissec-
tion of the internal iliac artery of the lateral lymph
node, including obturator lymphadenectomy.
Takahashi analyzed 764 rectal cancer cases that
received the abovementioned three-clearance dis-
section, of which lateral lymph node metastasis
occurred in 66 cases; cases with lateral lymph
node metastasis account for 8.6 % of all rectal
cancer cases and account for 16.4 % of low rectal
cancer cases (less than 5 cm above dentate line).
Therefore, the author’s opinion is that rectal can-
cer patients should receive extended dissection
[28]. Domestic study carried out by Dong Xinshu
et al. showed that among 782 cases of rectal can-
cer patients, lateral lymph node metastasis
occurred in 64 cases; cases with lateral lymph
node metastasis account for 8.2% of all rectal
cancer cases, of which lateral lymph node metas-
tasis rate of rectal cancer below the peritoneal
reflection is 12.5%, while lateral lymph node
metastasis rate of rectal cancer above the perito-
neal reflection is 1.3 %. Based on this, the author
thinks that upper metastasis and lateral metasta-
sis are different paths. As for the rectal cancer
below the peritoneal reflection, conventional
lymphadenectomy should be performed [29]. But
Grinnell in the United States reported that posi-
tive rate of the lateral lymph node is only 1.9 %.
In addition, the author thinks that lateral lymph
node metastasis should belong to distant metasta-
sis; dissection has no clinical significance.
Therefore, lateral pelvic lymphadenectomy is not
recommended [30]. Why the study results
between eastern and western scholars are so dif-
ferent? Yano et al. recently studied and compared

many years of literature of both parties to the dis-
pute and think that difference in the results of
both parties is likely caused by different rectal
cancer staging concept between east and west. If
staging standard of rectal cancer is unified, lateral
lymph node metastasis of low rectal cancer per-
haps may result in similar positive rate in Japan
and western countries [31].

As range of lateral lymphadenectomy is big,
incidence rate of postoperative micturition and
sexual dysfunction caused by intraoperative dam-
age to the pelvic autonomic nerve also increases.
For this reason, some scholars proposed extended
radical resection of PANP, called as “functional
extended radical resection.” After performing
this operation, 62.3 % and 57.1 % of the patients
can maintain normal erectile and sexual func-
tions, respectively, and postoperative 5-year sur-
vival rate is 61.2 % [32]. However, Wan Yuanlian
et al. also reported that lateral dissection may
reduce pelvic recurrence from 17.7% by adop-
tion of traditional radical resection to 5.6 %, but
there is no significant improvement of 5-year
survival rate. Further analysis was conducted on
the cases that had lateral lymph node metastasis
and received radical resection and lateral dissec-
tion. Recurrence still occurred in 80% of the
patients within 2 years after operation; distant
metastasis occurred in 75 % of the patients, and
3- and 5-year survival rate after operation was
only 16.7 % and 0, which indicates that as lateral
metastasis breaks through the barrier of fascia
propria, it is not only local pathological change in
the pelvic cavity, but also belongs to a part
of pathological change of the whole body.
Lateral dissection can reduce local recurrence
rate, but cannot significantly improve survival
rate [33, 34].

From the above analysis, although rectal can-
cer lateral lymphadenectomy can reduce post-
operative local recurrence rate, great dispute
still exists on the significance of dissection.
Lymphatic diversion path and rule of middle
and low rectal cancer need further illustration.
Whether or not biological behaviors of lateral
lymph node metastasis belong to a part of sys-
temic metastasis requires further study and
demonstration, and whether or not conventional
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lateral lymphadenectomy should be conducted
for rectal cancer below the peritoneal reflection
needs validation through multicenter random-
ized clinical trial on a large size of samples.

1.3.4 Laparoscopic Radical
Resection of Colorectal Cancer

In 1991, Jacobs M reported laparoscopic radical
resection of colorectal cancer for the first time.
Through nearly 20 years of development, lapa-
roscopic radical resection of colorectal cancer
has achieved great development. Laparoscopic
radical resection of colorectal cancer should
observe all basic principles for open operation.
As range of surgical resection is big, operative
gap is small, and field of vision is often dis-
turbed by the small intestine, there is some dif-
ficulty to perform such operation. Along with
the accumulation of experience and develop-
ment of advanced devices, laparoscopic-assisted
resection of colorectal cancer increasingly
becomes mature, and its safety and effective-
ness are also recognized by many scholars both
at home and abroad.

US Clinical Outcomes of Surgical Therapy
(COST) reviewed and analyzed clinical data of
372 cases that received laparoscopic-assisted
resection of colorectal cancer before 1994. The
results showed that cases of conversion to open
operation accounted for 15.6 %, operative mor-
tality was 2%, and implantation incidence rate
was 1.1 %. Cancer-related mortality relates to the
stage of tumor. These data are almost equivalent
to those of traditional open operation. So they
think it is necessary to conduct randomized clini-
cal trial to compare the two operation methods
[35]. For this reason, in 1994, COST organized
66 surgeons from 48 hospitals to participate in
the multicenter randomized clinical trial. A total
of 872 patients were grouped. Median follow-up
time is 4.4 years. The study showed that there is
no significant difference in complications, post-
operative 30-day mortality, incidence rate of
rehospitalization and reoperation, recurrence
rate, incision implantation rate, and 3-year sur-
vival rate between laparoscopic-assisted opera-

tion and open operation. Compared with open
operation, laparoscopic-assisted operation has a
shorter hospitalization time and less postopera-
tive pain despite its longer operation time [36].
Exclusion criteria of this clinical trial include
rectal cancer and transverse colon cancer, local
progress period, or distant metastasis. However,
tumor recurred in a total of 160 cases during fol-
low-up period. Recurrence rate of the two groups
is 16 % and 18 %, respectively. But the researcher
did not make any explanation for such high recur-
rence rate.

The European Colon Cancer Laparoscopic or
Open Research Study Group (COLOR) also
started a multicenter randomized clinical trial in
which 29 hospitals participated in 1997. The
inclusion and exclusion criteria were almost the
same as those in COST study. The results were
almost close to those of COST, too. A total of
1248 patients were grouped in this study. Cases
of conversion to open operation accounted for
17 %, operative mortality was less than 2 %, and
median follow-up time is 4.4 years; there was no
significant difference in 3-year disease-free sur-
vival rate of the two groups and overall survival
rate. Based on this, the researcher thought that
compared with open operation, laparoscopic-
assisted operation is undoubtedly safe and effec-
tive. We should further increase sample size and
improve study design, and find that whether
laparoscopy is superior to open operation or not
[37, 38].

After that, Hong Kong, China, UK MRC
CLASSIC Group, and many other medical insti-
tutions in the world conducted some randomized
clinical trial and discussed the advantages and
disadvantages of laparoscopic radical resection
of colon cancer. Study results obtained were also
almost similar to those reported by COST or
COLOR [39, 40]. According to these studies,
Abraham analyzed 12 randomized clinical trials
completed before 2002, involving a total of 2512
patients. The results showed that laparoscopic-
assisted operation time increased by about 30 %,
but postoperative complications and incision
infection rate were lower than that of the open
operation group, with quicker postoperative res-
toration and less pain. There was no significant
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difference in radical resection and operative mor-
tality between the two groups [41]. Tjandra et al.
analyzed 17 randomized clinical trials completed
in 1991-2005. A total of 4013 patients were
involved. The results were almost similar to those
reported by Abraham NS [42].

To sum up the abovementioned study results,
laparoscopic radical resection of colon cancer
has a longer operation time but less bleeding,
quicker postoperative restoration, less pain, lower
incision infection rate, and shorter hospitaliza-
tion time compared with traditional open opera-
tion. There is no significant difference in
operative complications, mortality, recurrence
rate, and long-term survival time between the two
operation methods. However, most cases involved
in these studies are colon cancer patients. Thus,
laparoscopic radical resection of rectal cancer
will complete TME standard operation within
limited space and vision, does it have the same
safety and effectiveness?

Study conducted by Leroy et al. indicates that
the advantage of laparoscopic-assisted surgical
resection of colon cancer can also be reflected in
resection of rectal cancer. They reported 102
cases that received laparoscopic-assisted TME
radical resection of rectal cancer from 1991 to
2000. Three percent of cases were converted to
open operation, operative mortality is 2%,
91.8 % received radical resection, average fol-
low-up time is 3 years, there is no incision
implantation metastasis, local recurrence rate is
6 %, and 5-year survival rate is 65 %. These data
were similar to those of open operation or even
better. They thought that laparoscopic radical
resection of rectal cancer was safe, effective, and
feasible [43]. In China, results of the clinical
study conducted by Zheng Minhua, Zhou
Zongguang, and others indicated that laparo-
scopic radical resection of low or even extra-low
rectal cancer can reach the radical treatment rate
of open operation and have some advantages in
intraoperative bleeding, intestinal function resto-
ration, off-bed activity time, incidence rate of
postoperative complications, etc. There is no sta-
tistical difference in the length of intestinal seg-
ment resected, distance from tumor to low
resection margin and lymphadenectomy range,

local recurrence rate, distant metastasis rate, and
accumulated 5-year survival rate compared with
open operation [44, 45].

The Sixth Affiliated Hospital of Sun Yat-sen
University made a statistical analysis on the data
of laparoscopic radical resection of rectal cancer
from March to July 2009. The results showed that
if laparoscopic operation technology is skillfully
mastered, laparoscopic radical resection of rectal
cancer can shorten the operation time compared
with open operation.

1.3.5 Hepatic Metastasis Treatment
of Colorectal Cancer

Hepatic metastasis occurred in about 50% of
colorectal cancer during the whole course of dis-
ease [46], of which 15-25% is synchronous
hepatic metastasis and 20-25 % is asynchronous
hepatic metastasis [47]. Among all hepatic
metastasis patients, the liver of nearly 20% of
the patients is the only organ with metastasis. If
not treated, the average survival time of these
patients would not exceed 1 year [48]. Surgical
treatment for hepatic metastasis has experienced
a lot of controversy, firstly helpless, try, then
objection and retry, and now widely accepted.
And the important role of liver resection in
hepatic metastasis of colorectal cancer was grad-
ually established in recent 20 years. After colon
cancer patients with hepatic metastasis received
primary tumor resection and hepatic metastatic
focus resection, 5-year survival rate can still
reach 20-60 %, and even the 10-year survival
rate reported was 26-42 % [49, 50]. Although it
relates to subsequent adjuvant treatment and
development of operating level, it is certain that
hepatic resection plays an active role in extend-
ing survival time of colorectal cancer patients
with hepatic metastasis.

In recent years, radio frequency ablation
therapy for hepatic metastasis of colorectal can-
cer also achieved a good generalization, appli-
cation, and development. Radio frequency
ablation therapy is mainly used for the patients
with hepatic metastasis where resection cannot
be conducted. In this case, the disease mostly
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belongs to extensive metastasis. After radio fre-
quency ablation, recurrence rate is high, and
local recurrence rate is even higher especially
when length-diameter of metastatic focus
exceeds 3 cm [51]. Therefore, adjuvant chemo-
therapy is mostly conducted after radio fre-
quency ablation. Related clinical trial is
ongoing.

In addition, the mainstream tendency for
hepatic metastasis of colorectal cancer is to select
either adjuvant systemic chemotherapy or hepatic
artery catheter perfusion chemotherapy, chemo-
embolization, chemotherapy and radiotherapy in
the focus, etc. Various therapies are applicable to
different patients. Multidisciplinary treatment
will be an important model to improve overall
prognosis for hepatic metastasis of colorectal
cancer. Related content will be described in detail
in Chap. 2 of this book.

1.3.6 Adjuvant Chemoradiotherapy
and Neoadjuvant
Chemotherapy

1.3.6.1 Significance of Adjuvant
Chemoradiotherapy

Surgical operation is the only approach to obtain
radical treatment of colorectal cancer. But in the
past 30 years, surgical treatment effect of colorec-
tal cancer is unsatisfactory; 5-year survival rate is
about 50-60 %. Trial of surgical models, such as
increasing surgical resection range, did not sig-
nificantly improve survival rate. On the contrary,
it resulted in greater wound and more complica-
tions. Furthermore, as mentioned above, hepatic
metastasis has occurred in 15-25 % of colorectal
cancer in diagnosis. Such cases cannot be cured
only relying on surgical operation. For this rea-
son, more and more scholars are probing adju-
vant treatment other than surgical operation.
Their study mostly emphasizes chemotherapy
and radiotherapy.

Since it was discovered that nitrogen mustard
had antitumor effect in 1943, studies on adjuvant
chemotherapy for colorectal cancer have experi-
enced probe and argument for more than half a
century. Only in recent (nearly 30)years has the

great development been obtained. These studies
develop gradually along with the emergence of
new chemotherapy drugs. In general, the present
situation of chemotherapy for colorectal cancer is
that 5-FU-based short-course (6 months) combi-
nation chemotherapy model has been established.
Combination and optimization of chemotherapy
regimen are still in exploration [52].

At present, 5-FU/CF is the standard adjuvant
chemotherapy scheme. They will form a covalent
compound with thymidylate synthase to realize
the antitumor effect. To discuss the role of che-
motherapy in adjuvant treatment of colorectal
cancer, the National Surgical Adjuvant Breast
and Bowel Project (NSABP) of the United States
conducted systematic study in 1977-1990,
including C-01, C-02, C-03, and C-04. A total of
3820 patients were grouped, of which the curative
effect of the 5-FU/CF scheme (CF 500 mg/m?,
dripping for 2 h, 5-FU 500 mg/m?, injecting it
when half of CF is dripped; the above operation
was conducted once a week, six times as a course
of treatment; after each course of treatment is
completed, stop it for 2 weeks and then enter the
next course, a total of eight courses of treatment),
MOF scheme, and 5-FU/CF/LEV scheme was
compared in the C-03 and C-04 study, respec-
tively. The study results showed that compared
with the latter two schemes, the 5-FU/CF scheme
has better tumor-free survival rate and overall
survival rate [53, 54]. Therefore, NSABP experts
thought that the abovementioned 5-FU/CF
scheme is an adjuvant chemotherapy scheme
acceptable by Stage II and III colon cancer
patients [55].

As a standard chemotherapy drug, 5-FU/CF
has been accepted by most scholars. However,
the abovementioned schemes will take a long
period, and consumption of CF is great. For this
reason, many research organizations jointly con-
ducted a multicenter randomized clinical trial
with the code of INT-0089 in 1988. A total of
3759 patients were grouped. Follow-up time
exceeded 5 years. The results indicate that LEV
is not a necessary component part of adjuvant
treatment of colon cancer. By adoption of the
5-FU/CF scheme, itis unnecessary to add LEV. In
the event of low dosage of CF (CF 20 mg/(m?-d),
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administrated for 5 days each week, 4-5 weeks
as a course of treatment, a total of six courses of
treatment), there is no significant difference in
tumor-free survival rate and overall survival rate
compared with CF dosage of the aforesaid C-03
or C-04. Therefore, INT-0089 study thinks that
5-FU/CF with 6-month adjuvant treatment is the
most standard treatment scheme at present. It
does not come singly, but in pairs. Results of
another randomized clinical trial with the code of
NCCTG 894,651, where 890 patients were
grouped, are almost consistent with those of INT-
0089 [56].

Along with the development of study on che-
motherapy drugs, new chemotherapy drugs or
dosage forms keep emerging. Focus of both phar-
macology and clinical medical science is on
whether or not synergetic effect exists among dif-
ferent 5-FU/CF-based chemotherapy schemes.
For example, clinical application of the drugs
such as oxaliplatin, irinotecan, CPT-11, Xeloda,
etc. has demonstrated the adjuvant curative effect
for metastatic colorectal cancer. In addition, it is
discovered in study that oxaliplatin or irinotecan
has significant synergetic effect with 5-FU. Effect
of combination chemotherapy is better [57].
Targeting chemotherapy drugs bevacizumab,
Avastin, and cetuximab, C225, have been
approved for use in metastatic colorectal cancer
in the United States and Europe. The present
study indicates that combination chemotherapy
scheme of Avastin or C225 may improve the
median survival time of metastatic colorectal
cancer patients from 12 to 24 months. Its clinical
curative effect is encouraging. Related study
progress will be described in detail hereinafter.

1.3.6.2 Significance
of the Neoadjuvant
Chemoradiotherapy
Because of the biological characteristics of
colorectal cancer and concealed clinical manifes-
tations, hepatic metastasis has occurred in
15-25% of the patients in definite diagnosis of
colorectal cancer, of which most patients cannot
receive surgical resection. Recurrence occurs in
nearly 60 % of patients after just resection of the
focus of hepatic metastasis. In addition, because

of the particularity of lymphatic diversion of rec-
tal cancer and the close relation with pelvic
organs, many patients have been in locally
advanced period in diagnosis. So long as surgical
resection is performed, most consequence is low
radical treatment effect and high local recurrence
rate. Adam et al. reported 701 cases of hepatic
metastasis of colorectal cancer that cannot
receive surgical resection in 2001. After neoadju-
vant chemotherapy scheme by oxaliplatin com-
bined with 5-FU/CF, the grade of 95 cases
(13.5%) was reduced to resectable grade, with-
out any operative mortality, and the postoperative
S-year survival rate reached 35 %, almost consis-
tent with the survival rate of resectable hepatic
metastasis of colorectal cancer [58]. This study
result greatly encourages the study enthusiasm of
clinical medical scientists and leads to a revolu-
tionary thinking for decision-making on clinical
treatment of colorectal cancer: The neoadjuvant
chemotherapy is probably the best choice of
chemotherapy.

The study indicates that preoperative radio-
therapy may reduce tumor volume, improve radi-
cal treatment rate of the operation, decrease local
recurrence rate, and increase survival rate. As for
locally advanced rectal cancer, it can lower tumor
grade and raise anal preservation chance [59].
Stage III randomized clinical trial CAO/ARO/
AIO-94 was conducted in Germany, where a total
of 823 patients were grouped. 5-FU/CF served as
the standard chemotherapy scheme. The results
show that compared with traditional postopera-
tive chemoradiotherapy, preoperative neoadju-
vant chemoradiotherapy has better local tumor
control effect, lower toxic and side effect, and
higher survival rate, and anal preservation rate is
improved [60]. Recently Rodel et al. conducted a
multicenter Stage II randomized clinical trial,
and indicates adoption of preoperative neoadju-
vant adiochemortherapy with XELOX as stan-
dard chemotherapy regimen, in at least more than
half of the patients, tumor can be regressed by
50%, and incidence rate of serious diarrhea side
reaction is only 16 % [61]. Whether 5-FU/
CF-based or XELOX-based neoadjuvant chemo-
therapy scheme is better requires further valida-
tion through clinical trials. Some clinical trials
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are ongoing to test the superiority of the neoadju-
vant combination chemoradiotherapy scheme.
For example, PETACC-6 is a Stage III random-
ized clinical trial that involves 1090 patients. The
purpose is to compare the advantages and disad-
vantages of the neoadjuvant radiotherapy and
postoperative radiotherapy-combined XELOX
scheme or single Xeloda-based chemotherapy
scheme. The results are still under follow-up and
analysis.

Camma et al. analyzed 14 randomized clinical
trials completed from 1970 to 1999, with a total
of 6426 patients involved, of which 3081 patients
only received surgical treatment. The analysis
results indicate that compared with only opera-
tion, local recurrence rate of the patients that
received neoadjuvant radiotherapy before opera-
tion is low, tumor-related mortality is low, and
5-year survival rate is high. But it is not associ-
ated with the incidence rate of distant metastasis
[59]. Combining the aforesaid CAO/ARO/AIO-
94 study results, neoadjuvant chemoradiotherapy
can not only lower tumor grade and reduce local
recurrence rate, but also has better effect than
postoperative adjuvant chemoradiotherapy.

1.3.6.3 Chemotherapy for Stage Il
Colorectal Cancer

Dispute on whether or not Stage II colorectal
cancer should receive chemotherapy always
exists. At present some scholars think that
colorectal cancer with recurrence and high-risk
factors should receive adjuvant chemotherapy;
otherwise, it is unnecessary. These high-risk fac-
tors include poor tumor differentiation, invasion
into veins, obstruction or perforation, and num-
ber of lymph nodes analyzed <12, T4 [62].

Four clinical trials conducted by NSABP
(C-01, C-02, C-03, C-04) involved a total of
3820 patients, of which there are 1565 Stage II
cases and 2255 Stage III cases. Although the
study results indicate that adjuvant treatment can
improve patients’ 5-year survival rate and tumor-
free survival rate, the analysis on tumor staging
and hierarchy discovered that adjuvant treatment
resulted in a reduction of overall mortality of
Stage II colon cancer by 30 %, while total mor-
tality of Stage III colon cancer was only reduced

by 18 %, and reduction of mortality of Stage II
cases is not associated with the abovementioned
“high-risk factors” of patients. Therefore,
NSABP experts recommended all Stage II colon
cancer patients to receive adjuvant chemother-
apy [63]. But results of International Multicentre
Pooled Analysis of Colon Cancer Trials
(IMPACT) and INT-0089 are opposite. IMPACT
summarized five randomized clinical trials that
involved 1016 cases of Stage II and 1487 cases
of Stage III colon cancer patients [64]. INT-0089
study involved a total of 3759 cases of colon
cancer patients, with 20 % of high-risk Stage II
and 80 % of Stage III patients [54]. The results of
both studies indicated that adjuvant chemother-
apy may benefit Stage III colon cancer patients,
but it did not benefit Stage II patients. Schrag
et al. analyzed clinical curative effect for global
3151T3 colon cancer cases without obstruction
or perforation. Overall survival rate of the
patients that received chemotherapy is 78 %, and
that of patients that did not receive chemother-
apy is 75%. This result is similar to that of
IMPACT and INT-0089. At the same time, it was
found that adjuvant chemotherapy can improve
the overall survival rate of Stage II colon cancer
patients by 2-5% at most, and chemotherapy
mortality is 0.5-1 % [65].

The above mentioned study results indicated
that survival rate of Stage II colon cancer
patients that received adjuvant chemotherapy
can be improved by about 5 %, but it also has
1% of chemotherapy mortality risk, and side
reaction of chemotherapy is unavoidable.
Therefore, US National Comprehensive Cancer
Network (NCCN) and American Society of
Clinical Oncology (ASCO) do not recommend
conventional chemotherapy for Stage II colon
cancer patients. Through analysis on related
clinical trials, some scholars still suggest adju-
vant chemotherapy for Stage II colon cancer
with high-risk recurrence factors, such as poor
tumor differentiation, invasion into veins,
obstruction or perforation, number of lymph
nodes <12, T4, etc. But this viewpoint has not
been validated. It needs further study, observa-
tion, and analysis through large-scale, multi-
center clinical trials.
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1.3.7 Related Study on
Targeted Drugs

Along with in-depth fundamental research, some
key molecules related to occurrence and progress
of diseases are discovered. Targeted drugs for
these highly specifical molecules are also applied
in treatment of colorectal cancer. Targeting che-
motherapy drugs bevacizumab, Avastin, and
cetuximab, C225, have been approved for use in
metastatic colorectal cancer in the United States
and Europe and also been approved for clinical
use in China. The former can combine and neu-
tralize vascular endothelial growth factor
(VEGF); the latter has high affinity to endothelial
growth factor receptor (EGFR). Hurwitz et al.
reported 813 cases of metastatic colorectal can-
cer in 2004, which randomly received
IFL+Avastin (402 cases) or IFL+placebo (411
cases) treatment. The results showed that median
survival time of the two groups was 20.3 months
and 15.6 months, respectively, and effective rate
was 44.8% and 34.8%, respectively [66].
Cunningham et al. reported BOND trial results in
2004. Patients on which CPT-11 chemotherapy
has no effect randomly received C225+CPT-11
(218 cases) or only C225 treatment (111 cases).
Effectiveness of the two groups was 22.9 % and
10.8 %, respectively, and median survival time
was 8.6 months and 6.9 months, respectively
[67]. It indicates that C225 may reverse the drug
resistance of CPT-11. Curative effect of C225 is
not correlated with EGFR expression level that is
immunohistochemically determined, but corre-
lated with seriousness of skin rash. The more
serious the rash is, the better the prognosis will
be. More and more studies indicated that com-
bined Avastin or C225 chemotherapy scheme
may improve the median survival time of meta-
static colorectal cancer from 12 to 24 months.
The clinical curative effect showed is really
encouraging. Probe of optimization of combina-
tion chemotherapy scheme is ongoing [68, 69].
At the same time, in-depth study of the applica-
tion of targeting drugs is also ongoing. For exam-
ple, there is evidence to prove that only colorectal
cancer of wild type KRAS gene has reaction to
C225 chemotherapy, while it is ineffective in the

case of mutation type [70]. Many studies are
probing molecular marker that monitors chemo-
therapy reaction for better selection or adjust-
ment of chemotherapy scheme [71].

1.4  Expectation

Prevention is better than treatment. The onset of
colorectal cancer is concealed. There is no speci-
ficity of clinical manifestations. As for the patients
with clinical symptoms, it should be highly vigi-
lant and conduct systematic screening. The popu-
lation with high-risk factors of colorectal cancer
should get more attention and follow up. Along
with the improvement of people’s living standard,
the incidence of colorectal cancer will further
increase. Prevention and control work situation is
becoming more and more serious.

Surgical operation-based multidisciplinary
treatment is the best model for the treatment of
the colorectal cancer at present. The neoadjuvant
chemoradiotherapy may significantly improve
overall prognosis of patients, and clinical cura-
tive effect of the targeting drugs is even encour-
aging. Standardized, scientific, and systematic
treatment has significantly improved the clinical
curative effect for colorectal cancer.

However, 5-year survival rate of colorectal
cancer under this surgical operation-based multi-
disciplinary treatment is still around 50-60 %.
The reason lies in the low proportion of early-
stage patients and lack of revolutionary treatment
results. Therefore, how to establish a mature
colorectal screening mechanism and improve
early diagnosis rate of colorectal cancer is our
important topic in the future. In addition, no ideal
curative effect makes colorectal cancer-related
fundamental study attract more and more atten-
tion. Studies of many scholars are aimed at trying
to find treatment target points of specificity from
the pathogenetic mechanism so as to improve
overall prognosis of colorectal cancer.

Adjuvant chemoradiotherapy and neoadjuvant
chemoradiotherapy benefit Stage III colorectal
cancer patients a lot. The neoadjuvant chemo-
therapy can reduce tumor volume, lower tumor
grade, and decrease postoperative recurrence,
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which is more and more widely applied and gen-
eralized. But safety and effectiveness of adjuvant
chemoradiotherapy for Stage II patients need fur-
ther demonstration through multicenter random-
ized clinical trial on a large size of samples.

The 5-FU/CF-based chemotherapy scheme
has been established. Along with the emergence
of more and more new drugs, especially targeted
drugs, more clinical studies are required to opti-
mize and combine traditional and new drugs so
as to produce a synergetic effect.

In general, overall treatment effect for colorec-
tal cancer is gradually rising, but still not so satis-
factory. To establish an effective survey and
screening mechanism is a hard work. Selection of
the treatment policy and treatment models
involved needs further optimization. Related
clinical operating procedures need further dem-
onstration through clinical trials.
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Diagnosis and Treatment of Liver

Metastases

Antoine Brouquet and Bernard Nordlinger

2.1 Introduction

The most frequent cause of death in patients with
colorectal cancer is due to liver metastases.
Approximately 50% of patients develop liver
metastases at some point in the course of their dis-
ease, translating into approximately 500,000
patients worldwide [1]. Without any treatment, the
median survival of patients with colorectal cancer
liver metastases rarely exceeds 1 year, ranging
from 3.8 to 21 months. The volume of liver involve-
ment, the presence of extrahepatic disease, the
metastatic lymph nodes in the mesentery, the carci-
noembryonic antigen (CEA) level, and the age of
the patient all influenced the survival rate [2].

If only a minority of patients with liver metas-
tases is amenable to surgery, surgical resection
remains the only treatment that can, to date,
ensure long-term survival and cure in some
patients [3]. Even if the presence of liver or lung
metastases from colorectal cancer is associated
with a poor prognosis, it does not always pre-
clude curative treatment.

Recent progress including new chemothera-
peutic regimens, ablative techniques, and interven-
tional radiology may permit to increase the number
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of patients that can be treated with a curative
intent. Unfortunately, recurrences are still observed
in most patients after resection of liver metastases.
To reduce this risk, new therapeutic modalities are
based on combined strategy of treatment.

2.2 Diagnosis and Preoperative
Assessment of Colorectal

Liver Metastases

Clinical symptoms of colorectal liver metastases
are usually late occurrences. In most cases,
colorectal liver metastases are found during rou-
tine radiographic screening leading to the diag-
nosis of colorectal cancer or during the follow-up
after resection of a colorectal primary tumor.
Because hepatic resection is the sole treatment
associated with prolonged survival on patient with
colorectal liver metastases, the pretherapeutic
work-up in patients with colorectal liver metastases
should determine whether lesions can be safely and
completely removed and whether patients’ condi-
tions allow liver surgery. This work-up should pre-
cise the extent of the hepatic and extrahepatic
disease, liver function, and comorbidities of the
patient that could contraindicate the surgery.
Physical general status of patients has to be
assessed before planning surgery. In particular, the
question is to determine whether the patient can
tolerate general anesthesia, clamping maneuvers
required by liver surgery. American Society of
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Anesthesiologists (ASA) score is a good tool to
predict postoperative morbidity and mortality after
liver resection and allows selection of patient who
can safely undergo liver resection [4].
Preoperative imaging work-up of liver metas-
tases should precise the respectability of the
lesions and is currently based on ultrasound, mul-
tiphase helical computed tomography (CT) scan,
and magnetic resonance imaging (MRI). These
investigations should help to precise the number,
the location, and the relationship to major liver
vessels, and the distance from the anterior and
posterior liver surface of the lesions. Liver metas-
tases should be considered as resectable when all
hepatic disease can be safely removed or locally
treated leaving sufficient future liver remnant
with adequate vascular inflow, venous outflow,
and biliary drainage. Number, size, location of
primary tumor, and CEA level should not be used
as criteria to contraindicate liver resection.
Positron emission tomography—computed
tomography (PET-CT) is valuable to rule out an
extrahepatic spread of the disease since liver
resection should not be performed in case of non-
resectable extrahepatic disease [5, 6]. In case of
unresectable liver metastases, treatment is ini-
tially based on chemotherapy, and imaging work-
up is performed every 3 months to evaluate the
tumor response and to determine whether a local
treatment of the lesions can be considered. In
addition, colonoscopy or CT colonography
should be performed to exclude a local recur-
rence or metachronous colorectal neoplasia.
Liver function can be assessed using the
Child-Pugh classification, blood liver function
tests, and in some cases, the indocyanine green
(ICG) retention tests. The volume of the non-
tumorous parenchyma that will be left in place
after hepatic resection should be evaluated by
computed tomography (CT) scan volumetry.

2.3  Surgery for Colorectal Liver
Metastases
2.3.1 Intraoperative Assessment

Surgery should start with a careful exploration of
the abdominal cavity to rule out an extrahepatic
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spread of the disease or an unexpected bilobar
involvement of the liver which could contraindi-
cate the resection. This exploration includes palpa-
tion of the liver and intraoperative ultrasound
(IOUS). I0US is particularly useful to better pre-
cise the relationship of the lesions with vascular
pedicles and can help to select the type of resec-
tion. IOUS can also guide radiofrequency ablation
(RFA) of deep lesions in the future liver remnant.

2.3.2 Principles of Liver Resection
for Colorectal Liver
Metastases

Liver resection should be considered only in a
curative intent. To date, there is no data to recom-
mend debulking surgery for colorectal liver
metastases. The size of surgical margin for the
resection of colorectal liver metastases remains
debated. Free surgical margin is an independent
prognostic factor survival, and consequently, RO
resection is recommended [7-11].

The extent of liver resection depends on the
number, the size, and the location of the lesions. If
remnant liver parenchyma is normal, up to six of
the eight anatomical segments, i.e., up to 75 % of
the liver parenchyma, can be safely resected with
low risk postoperative liver insufficiency. However,
the majority of patient candidates for a liver resec-
tion have received a preoperative chemotherapy
that could induce liver damage [12-17].

Liver resections are usually classified in ana-
tomical (i.e., removing one or several segments)
or atypical (“wedge”) resections. Oncological
results of these two types of resection are similar
in the setting of colorectal liver metastases [17].
Resections removing three or more continuous
segments are defined as major hepatic resections.
Superficial small metastases can be resected with
wedge resections. Larger lesions often require
major resections.

2.3.3 Increasing the Resectability

Although liver resection is the sole treatment
associated with prolonged survival in patients
with colorectal liver metastases, only 10-15 % of
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patients have resectable liver metastases at the
time of diagnosis [18]. During the past decades,
refinements and improvements of surgical skills
have led to extend the frontiers of resectability in
patients with colorectal liver metastases [19].

2.3.3.1 Radiofrequency Ablation

In some cases, curative liver resection can be
contraindicated because lesions are bilobar, and
the extent of the planned liver resection is too
large that could induce postoperative liver fail-
ure. Treatment of the lesions located in the future
liver remnant can be achieved using tools for
local destruction. Cryotherapy of liver metastases
has been firstly used in this indication [20], but in
situ recurrence rate was elevated. To date, radio-
frequency ablation (RFA) is preferred [21].

RFA can be performed either percutaneously
or intraoperatively. Different types of needle
electrode can be used to treat liver metastases.
The area of necrosis induced by RFA should be
larger than the size of the tumor, by 1 cm, simi-
lar to the surgical margin obtained after surgical
resection. Tumors of less than 3 cm located in
the future remnant liver are currently the better
indication of RFA. Indeed, in case tumor of
3 cm or more, oncologic results remain uncer-
tain with the increased risk of in situ local recur-
rence [22].

2.3.3.2 Preoperative Portal Vein
Embolization

If the future remnant liver after liver resection is
too small to provide sufficient postoperative liver
function, preoperative selective portal vein embo-
lization has been proposed to induce ipsilateral
atrophy and contralateral hypertrophy of the
future remnant liver, thus preventing postopera-
tive liver failure [23]. Following embolization, a
liver resection judged primarily impossible, due
to insufficient volume of remnant liver, is feasible
in 60% of cases, with mortality and morbidity
rates comparable to those observed following
liver resections without embolization. In case of
bilobar lesions, induced liver regeneration or
hypertrophy can be associated with an acceler-
ated increase in the size of metastases located in
the non-embolized liver [24]. Whether preopera-
tive chemotherapy should be stopped after the

19

embolization to avoid to decrease the hypertro-
phy of the liver or continued to control the dis-
ease during the time interval between the
embolization and the hepatectomy is still debated
[25-27].

2.3.3.3 Two-Stage Hepatectomy

Multiple bilobar liver metastases are often con-
sidered as unresectable. In selected cases, bilobar
liver metastases can be resected in two stages.
The first stage includes the resection or local
destruction of lesions located in the future rem-
nant liver which is in most cases the left liver. The
second hepatectomy is generally a right or an
extended right hepatectomy. During the first pro-
cedure, a right portal vein ligation can be per-
formed if the volume of the left lobe is judged to
be insufficient. Although this strategy can only
be proposed in selected patients with unresect-
able liver metastases, oncologic outcome can be
close to those observed in patients’ resectable
liver metastases [28].

2.3.3.4 Repeat Liver Resections
for Recurrent Metastases

Recurrence limited to the liver following previ-
ous hepatic resection occurs in 25-50 % of cases
and may be amenable to repeat resection [29].
Postoperative mortality and morbidity do not dif-
fer from those reported after a first resection, and
the mean survival approaches 2 years. Hepatic
recurrences should therefore be resected when-
ever technically feasible.

2.3.3.5 Preoperative Chemotherapy

In case of resectable liver metastases, preopera-
tive chemotherapy can be administered to
decrease the risk of recurrence, to test the
chemosensitivity of the tumor, to guide the
choice for postoperative treatment, and to facili-
tate the resection. One randomized trial [30] has
recently showed that perioperative chemother-
apy decreases the risk of recurrence after liver
resection for resectable colorectal liver metasta-
ses (see Chap. 13).

In case of unresectable liver metastases, che-
motherapy is initially the sole treatment that can
be proposed. During the past decade, the intro-
duction of new cytotoxic agents (camptothecin
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and oxaliplatin) and targeted therapies (bevaci-
zumab and cetuximab) has led to increase the
response rate and survival of patients with
advanced colorectal cancer [31-36]. In patients
with unresectable liver metastases, in case of
tumor shrinkage during chemotherapy, curative
liver resection may be considered. Several retro-
spective studies have showed that oncologic out-
come of patients operated of initially unresectable
liver metastases downstaged by chemotherapy
may be good even in case of initial large hepatic
involvement. Recurrence rate is close to 80 % and
remains elevated in these patients, and 5-year sur-
vival rate can range from 25 to 35 % [20, 37, 38].

2.3.4 Postoperative Outcome

2.3.4.1 Early Postoperative Outcome

In most recent studies, in-hospital mortality rates
vary from 0 to 5 % and are strongly influenced by
intraoperative blood loss, preoperative liver func-
tion, and extent of liver resection [4]. Reversible
postoperative complications are observed in
25-40% of patients. Morbidity after hepatic
resection is usually due to transient liver failure,
hemorrhage, sub-phrenic abscesses, or biliary fis-
tula. The mean hospital stay after liver surgery
ranges from 10 to 15 days in the absence of
complications.

Recent studies suggest that administration of
preoperative chemotherapy could increase the
risk of liver resection for colorectal liver metasta-
ses. Morbidity rate may be slightly increased in
patients who have received a preoperative che-
motherapy [14—16]. The impact of preoperative
chemotherapy on postoperative mortality after
liver resection is debated, and to date, only one
study has reported that chemotherapy could
increase the mortality after liver resection. In this
study, the mortality rate was increased in patients
who had lesions of chemotherapy associated ste-
atohepatitis [15].

2.3.4.2 Oncologic Results

Liver resection of colorectal metastases is associ-
ated with 3- and 5-year survival rates close to
40% and 30%, respectively. After resection,
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recurrences are observed in two-thirds of patients
and involve the liver in 50 % of cases.

Several studies have assessed factors influenc-
ing survival. Risk factors of recurrence have been
identified using multivariate analysis on two
large series of more than 1,000 patients [7-9]:
age, size of the largest metastasis, elevated CEA
level, stage of the primary tumor and lymph node
involvement, disease-free interval <12 months,
number of liver nodules, and involved surgical
margin. However, these studies did not take into
account the potential impact of associated treat-
ment and in particular the administration of
chemotherapy.

Response to chemotherapy is a very strong
prognosis factor of survival in patients operated
of colorectal liver metastases [39—42].

24  Treatment Strategy
for Colorectal Liver

Metastases

Although liver resection allows prolonged survival
in a subset of patients with colorectal liver metas-
tases, recurrences are still observed. Recurrence
rate after hepatectomy approaches two third. To
decrease the risk to tumor relapse, combined strat-
egy using chemotherapy before, after, or both in
association with surgery has been proposed.

2.4.1 Results of Combined
Therapeutic Strategies

for Colorectal Liver Metastases

Adjuvant treatment has firstly been evaluated for the
treatment of resected colorectal liver metastases.
Efficacy of postoperative treatment using systemic
chemotherapy or hepatic arterial infusion with
5-FU, folinic acid, or floxuridine has been tested
after resection of liver metastases from colorectal
cancer (CRC) in several randomized studies [43—
47], but survival benefit has not yet been clearly
demonstrated. These data have been confirmed in a
recent meta-analysis that showed that adjuvant CT
with a 5-FU-based regimen versus no postoperative
chemotherapy tends to improve disease-free and
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overall survival after complete resection of CRC
metastases, but the observed improvement in sur-
vival was not statistically significant [48].

More recently, the administration of a periop-
erative oxaliplatin-based chemotherapy for the
treatment of colorectal liver metastases has been
evaluated in a randomized trial. Administration
of perioperative chemotherapy (six cycles before
and six cycles after surgery) was associated with
a slight increase of reversible complication rate
after liver resection when compared to surgery
alone. This study showed that perioperative che-
motherapy was associated with a decrease of
recurrence rate after liver resection [30]. To date,
administration of perioperative chemotherapy
should be the standard of care for resectable
colorectal liver metastases (see Chap. 13).

2.4.2 Synchronous Liver Metastases

Treatment strategy of patients with synchronous
liver metastases depends on the resectability of
liver metastases, the location of the primary
tumor, and the eventual symptoms or complica-
tions due to the presence of the primary tumor.

2.4.2.1 Resectable Liver Metastases

In case of resectable liver metastases, treatment
strategy depends on the extent of the hepatic dis-
ease and the location of the primary tumor. In
patients with colon cancer, resection of primary
tumor is usually performed first. After resection of
primary tumor, preoperative chemotherapy can be
administered before the resection of liver metasta-
ses to reduce the risk of recurrence. If hepatic dis-
ease is localized, combined surgery may be
discussed after a preoperative chemotherapy. In
patients with rectal cancer, the treatment strategy
depends on whether treatment of primary tumor
required a preoperative chemoradiotherapy.

2.4.2.2 Unresectable Liver Metastases

In case of unresectable liver metastases, chemo-
therapy is the treatment of choice (Benoist Br J
Surg). The resection of the primary tumor before
the start of chemotherapy can be discussed
according to the risk of local complication (bleed-
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ing or obstruction). In case of major response to
chemotherapy and downstaging of liver disease,
resection of the residual disease may be consid-
ered. In this situation, liver resection can be per-
formed after, in the same operating time, or after
the resection of the primary tumor [49-52].

2.5 Conclusion

To date, a subgroup of patient with colorectal
liver metastases can be cured by liver resection.
For this reason, early detection of colorectal liver
metastases in patients treated for colorectal can-
cer is needed and justified.

Liver resection allows prolonged survival in a
subset of patients with resectable lesions. This is
an efficient and safe treatment so far.
Unfortunately, only a minority of patients (10—
15%) with colorectal liver metastases have a
resectable disease at the time of the diagnosis and
more than half of operated patients will develop
recurrences during the follow-up.

Objectives in the future for the treatment of
colorectal liver metastases should be to increase the
resectability rate and to decrease the recurrence
rate after curative liver resection. Multimodality
treatment including combined strategy could lead
to improve oncologic results of surgery for colorec-
tal liver metastases.
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Molecular Mechanism of Hepatic
Metastasis of Colorectal Cancer

Shu Zheng

3.1 Overview of the Study
on Hepatic Metastasis
of Colorectal Cancer

In the event of distant metastasis of colorectal
cancer, the liver is the main metastatic site,
accounting for about 38-60% [1]. Early-stage
hepatic metastasis of colorectal cancer has few
clinical manifestations. Only 20 % of patients are
suitable for surgical treatment [2], and 5-year
survival rate of the patients with hepatic metasta-
sis of colorectal cancer is nearly zero if they do
not receive any treatment. Hepatic metastasis is
one of the main reasons for the death of colorec-
tal cancer patients. It is a problem that should be
solved to probe the mechanism of hepatic metas-
tasis of colorectal cancer and find molecular
markers for early diagnosis and treatment
targets.

Tumor metastasis is a complex biological phe-
nomenon. It is one of the biological characteris-
tics of malignant tumors, which can be realized
from the following four stages:

1. Metastatic process includes three steps, i.e.,
detachment of tumor cells from the primary
focus, transportation, and growth, including:
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(a) Local infiltration: adhesion force between
tumor cells will decrease; extracellular
matrix of various enzymes secreted by
tumor cells promotes metastasis.

(b) Detachment of tumor cell: under the action
of enzymes, tumor cells pass through
blood vessel endothelium and basement
membrane and enter blood circulation.

(¢) Tumor cells survive in circulation. Cell
subgroups with high metastatic potential
adhere to blood vessel endothelium and
effuse out of vessel wall to form a meta-
static focus.

(d) Tumor cell adheres to endothelial cell or
subendothelial basement membrane and
capillary bed.

(e) Tumor cells proliferate and grow in a new
microenvironment.

. Nodes and network. Numerous and compli-

cated links of transduction, regulation, inhibi-
tion, or activation exist between tumor-related
genes. Numerous genes and proteins play
their roles in different pathways. Metastasis of
colorectal cancer is also a complex process
regulated by many genes and involving many
pathways. A small part of genes plays a role
as driver [3]. Only from the perspective of
pathways or even the whole network, more
systematic studies can discover their impor-
tant roles in this process.
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3. Epithelial-mesenchymaltransition. “Epithelial-
mesenchymal transition” (EMT) [4, 5]
refers to the process in which epithelial cell
loses its original epithelial characteristics
and polar arrangement, etc., and transits to
mesenchymal phenotype. During the course
of tumor metastasis, tumor cell exhibits
some characteristics of mesenchymal cell,
such as adhesion characteristic, enhance-
ment of protein hydrolysis and activity, etc.,
which enables tumor cell to metastasize and
form metastatic focus at distant site. On the
contrary, ‘“mesenchymal-epithelial transi-
tion” (MET) enables tumor cell to inhabit
the site.

4. Primary tumor cell decides metastasis. Gene
phenotype of tumor cell decides its metastatic
characteristics. The quantity of metastasis-
related gene expression directly influences the
occurrence of hepatic metastasis [6].

3.2  Factors Influencing Hepatic
Metastasis of Colorectal

Cancer

The formation of metastatic focus of colorectal
cancer is closely associated with biological char-
acteristics of tumor cells, immunity status of
human body, and microenvironment of organs.
Only when the condition in each aspect is satis-
fied can tumor cells form metastatic focus in a
certain organ.

3.2.1 Host Immunity and Tumor

Metastasis

After occurrence of tumor, human body may play
an antitumor role through immune response
mechanism [7]. The antitumor immune mecha-
nism of human body includes cellular immunity
and humoral immunity. They work with each other
to jointly kill and wound tumor cells. Cellular
immunity is the main antitumor immunity mode.
Humoral immunity has a synergetic effect in some
cases generally.
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3.2.2 Metastatic Capability
of Tumor Cells

Animal experiment study found that there are
2x106 cells that will enter blood circulation
every day for a | mm? size cancer, while not more
than 1% can survive within 24 h, and not more
than 0.1 % of tumor cells that enter circulation
can eventually survive and form metastasis [8].
Tumor metastasis is the result of selective prolif-
eration of cell subgroups with metastatic
potential.

Tumor stem cell theory makes a new explana-
tion for this. A small group of cells with stem cell
characteristic exists in tumor tissue, called as
tumor stem cells. A single cell can develop into a
tumor, with self-renewal and multilineage differ-
entiation capabilities of stem cells. Most other
tumor cells only have relative proliferation capa-
bility. Tumor stem cells are initiating cells to
form tumor, which maintain the growth of tumor
and probably the source of tumor metastasis and
recurrence [9].

3.2.3 Local Microenvironment
of Organs

The occurrence of metastasis not only depends
on the characteristics of tumor cells but also on
host reaction. Microenvironment affects the sta-
bility of tumor cells and has a highly selective
inhibitory effect on final survival and growth of
metastatic tumor cells [10]. In 1889, Paget put
forward ““seed and soil” theory. Growth of meta-
static focus is affected by mutual action between
certain tumor cells and the environment of cer-
tain organs. Only when seed and soil match each
other can metastasis be successfully formed [11].

Recently some people also put forward that
before reaching target organ, tumor cells would
mobilize marrow cells to reach the target organ in
advance or release some factors to change the
microenvironment of the target organ so that it is
suitable for the growth of tumor cells. Kaplan et al.
[12] discovered that in the mouse that received
the injection of positive marrow cells of VEGF
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receptor, tumor metastasis is more easy to occur.
The possible mechanisms are as follows: positive
marrow cells of VEGF receptor reach the meta-
static focus earlier than tumor cells and improve
the microenvironment so that they become suit-
able for the growth of tumor cells; primary tumor
may produce some chemical active substances.
Under the influence of such substances, the mar-
row will enhance the metastatic capability of the
tumor cells that have existed in the marrow.

3.3  Hepatic Metastasis
of Colorectal Cancer-Related

Molecular Events

Infiltrated growth and metastasis of colorectal
cancer relies on the changes in special pheno-
types that it has gradually obtained. Such changes
are caused by multiple molecular events. Here we
will make a brief description for the related
important molecular events:

3.3.1 Cell Adhesion

Cell adhesion event plays a very important role in
tumor metastatic process. On one hand, change
in the expression of some adhesion molecules of
tumor cells may weaken the adhesion between
the cells so that tumor cells are detached from the
adjacent cells; on the other hand, some adhesion
molecules of tumor cell expression enable the
tumor cells that have entered the blood to be
adhered to blood vessel endothelial cells or cer-
tain cells of the metastatic target organ, causing
hematogenous metastasis and accelerating the
formation of metastatic focus [13]. Metastatic
process of tumor cells above all is the alternate
process of adhesion and detachment. In this pro-
cess, many adhesion molecules play their roles.

3.3.1.1 Cadherin-Catenin System

Cadherin is a kind of transmembrane glycoprotein
responsible for adhesion between calcium-
dependent cells. It is involved in mutual action
between subfamily-specific cells. It is involved in

the selective cell adhesion at different development
stages of tissue. Cytoplasmic function field of cad-
herin is connected with catenin. Deactivation of
cadherin leads to the damage to cell-cell adhesion.
Its overexpression will cause closer cell-cell con-
tact. E-cadherin (ECAD) with continuous expres-
sion and functional activity plays a role of
maintaining cell integration in the epithelium. In
colon cancer, expression of E-cadherin and
a-catenin is downregulated. In about 80 % of pri-
mary colon cancer, o- and f-catenin expression
decreases. Significant decrease in a-catenin expres-
sion is associated with poor differentiation, high
metastatic potential, and bad prognosis [14-17].

3.3.1.2 Carcinoembryonic Antigen
(CEA)

CEA is an important marker of expression in
dedifferentiation process of colorectal cancer,
which is one of the most valuable tumor markers.
It is most widely applied in early-stage detection
of hepatic metastasis of colorectal cancer. CEA
receptor on liver Kupffer cell induces Kupffer
cell to secrete cell factors (IL-1a, IL-1p, IL-6,
TNFa) to induce expression of adhesion mole-
cules of endothelial cells of hepatic antrum,
which increases tumor adhesion and retention in
the liver. Apply reverse transcription polymetase
chain reaction (RT-PCR) to detect expression of
CEA mRNA in peripheral blood and marrow so
as to judge if there is tumor cell in peripheral
blood of colorectal cancer patient or not [18].

3.3.1.3 CD44

CD44 is a kind of transmembrane hyaluronic
acid receptor, which mediates the adhesion to
endothelial cell. High expression of its aberrants
CD44v6 and CD44v8-10 is deemed as closely
associated with hepatic metastasis of colorectal
cancer. Interception of this combination of adhe-
sion molecule with related ligand perhaps can
block the occurrence of hepatic metastasis of
colorectal cancer. CD44 aberrant splicing may
influence the conglomeration and distribution of
cytoskeletal protein of tumor cell so as to influ-
ence tumor cell migration and movement capa-
bility. Joint effect in several aspects results in the
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formation of tumor metastasis [19]. Aberrant
tumor cell expression of CD44 may escape the
reorganization and avoid clearance by host
immunity system in metastatic process.

3.3.1.4 Integrin

Integrin can integrate intracellular skeleton and
extracellular matrix to form an entirety. At the
same time, integrin also participates adhesion
between cells. Results of the immunohistochemi-
cal experiment conducted by Akamura et al. [20]
indicate that tissue integrin a VLA3 staining of
58% (11/19) of colorectal cancer with hepatic
metastasis is positive, significantly higher than
that of the tissue without metastasis (0 %). The
expression level of integrin a3f1 in the tissue of
hepatic metastasis of colorectal cancer is also
significantly higher than that of primary tissue. In
addition, integrin is very important in invasion as
it combines with MMP2 and uPAR.

3.3.2 Movement and Invasion

In the movement and invasion of colon cancer
cells, hepatic growth factor (HGF) is a major
influencing factor produced by the liver.
Overexpression of the receptor c-met of HGF
plays an important role in the progress of colorec-
tal cancer, inducing tumor cell migration. In
recent years, much evidence indicates that HGF
is associated with the formation of hepatic metas-
tasis of colorectal cancer [21]. c-met level in
hepatic metastatic focus is relatively high.
Overexpression of c-met only occurs in 50 % of
primary tumor, while c-met level of about 70 %
of hepatic metastatic foci is higher than that of
the primary tumor of the same patient. All these
results indicate that overexpression of c-met
plays an important role in screening tumor cells
with migration and formation of distant
metastasis.

Transforming growth factor (TGF) is a normal
colon epithelial cell growth inhibitor and is also
associated with the enhancement of movement
and migration of colon tumor cells. The study
indicates that expression of TGF in metastatic
tumor is higher than that in primary tumor [22],
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and TGF-f1 can inhibit tumor metastasis at the
early stage of formation of tumor. Downregulation
of its expression level may promote tumor growth.
Perhaps it can reduce adhesion between tumor
cells and participate in basement membrane deg-
radation and tumor angiogenesis, etc. But at late
stage, it may promote tumor expansion.

3.3.3 Degradation of Extracellular
Matrix

During the course of invasion and metastasis,
tumor cells must damage intercellular matrix and
basement membrane (BM) extracellular matrix
(ECM). ECM and BM are composed of collagen,
laminin, protein polysaccharides, and other mol-
ecules produced by epithelial cells, matrix cells,
and even tumor cells. Proteins that may partici-
pate in this process mainly include matrix-
degrading metalloproteinases (MMPs), serine
proteinase, elastase, aspartase, and cysteine pro-
tease, etc. [23].

3.3.3.1 Matrix-Degrading
Metalloproteinases (MMP)

Both tumor and connective tissue cells can secrete
MMPs, which is divided into four subfamilies,
i.e., collagenases, gelatinases, stromelysins, and
metalloelastases. MMP1 and MMP13 in MMP
family promote the damage to peripheral mesen-
chymas of the cancer and cancer proliferation and
infiltration. MMP2, MMP3, MMP7, and MMP9
may damage type IV collagenase that constitutes
basement membrane and promote cancer cells to
enter blood vessel [24]. At the same time, there
exist three kinds of MMP-specific inhibitors,
called as tissue inhibitor of metalloproteinases
(TIMPs). Balance between MMPs and TMPs
influences tumor invasion and phenotype [25].

3.3.3.2 Plasminogen/Fibrinase System

Plasminogen activator (PA) and plasminogen
activator inhibitor (PAI) system are other impor-
tant proteinase systems related to tumor metasta-
sis. It was originally discovered in blood
circulation. PA may be divided into urokinase-
type plasminogen activator (uPA) and tissue-type
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plasminogen activator (tPA). They belong to ser-
ine proteinase family and can transform plasmin-
ogen to fibrinase so as to play a synergetic role in
the degradation of ECM and activation of pro-
teinases and promote tumor invasion and metas-
tasis [14].

3.3.4 Formation of Tumor Vessel

Since Folkman discovered the phenomenon that
tumor grows relying on the formation of blood
vessel, many factors that positively and nega-
tively regulate the formation of blood vessel have
been discovered, such as vascular endothelial
growth factor (VEGF), basic fibroblast growth
factor (BFGF), transforming growth factor
(TGF), interleukin-8 (IL-8), matrix metallopro-
teinase (MMP), blood platelet-activating factor,
and so on. Tumor survival and metastasis rely on
the comprehensive results of positive and nega-
tive regulating factors, which tend to result in
tumor angiogenesis.

VEGEF is a mitogenetic factor of special endo-
thelial cell. It plays its part mainly through three
receptors on the endothelial cell, i.e., flk, fit], and
fit4. VEGF may be secreted by tumor cell. The
high expression level of VEGF was improved not
only by the influence of stimulation signal,such
as hypoxia, but also cell regulation, such as IL-1,
IL-6, IL-8, TGF, platelet-derived growth factor
(PDGF). Block of the activity of VEGF with anti-
body that resists VEGF receptor or with specific
tyrosine kinase inhibitor that blocks the action of
VEGF receptor can reduce quantity, size, and
vessel density of hepatic metastatic foci of mice
colon cancer model [26].

Sialyl-Lewis x (sLex) antigen, as the ligand of
E-selectin receptor on the surface of hepatic
blood vessel endothelial cell, plays an important
role in hepatic metastasis of colorectal cancer.
Tumor cell highly expressing sLex antigen is
detached from the primary focus, enters the blood
vessel, adheres to hepatic blood vessel endothe-
lium, and grows to form a hepatic metastatic
tumor. High expression sLex antigen cell is more
easy to infiltrate basement membrane and adheres
to activated human blood vessel endothelial cell

to form hepatic metastasis. This is because that
sLex antigen on the surface of tumor cell, serving
as the ligand of E-selectin on the surface of capil-
lary vessel endothelial cell, mediates adhesion of
tumor cell to blood vessel endothelial cells of the
target organ and promotes the directional chemo-
tactic movement of tumor cell so that metastasis
is produced. Many studies also verify that expres-
sion of sLex antigen in metastatic focus of
colorectal cancer is stronger than that in primary
focus [27, 28].

3.4 Colorectal Tumor
Metastasis-Related Gene

Study

The Cancer Research Institute of Zhejiang
University conducted the following work in the
aspect of genetic study related to the hepatic
metastasis of colorectal tumor:

1. Based on Affymetrix GeneChip system,
screened out osteopontin and maspin genes
with differential expression in hepatic metasta-
sis tissue from more than 12,000 known genes
and EST

2. Studied the biological role of SNC19/ST14
genes obtained in suppression subtractive
hybridization library of colorectal cancer and
related normal mucosa in hepatic metastasis
of colorectal cancer

3. Conducted integrated analysis by combining
gene expression profile and cytoband, searched
for related genes in hepatic metastasis of
colorectal cancer, and discovered SPARCL1

4. Literally reviewed the possible action mecha-
nism of PRL-3 hepatic metastasis of colorectal
cancer in occurrence and development process

3.4.1 Osteopontin (OPN)

Based on the detection of 21 pairs of colorectal
cancer, normal intestinal mucosa, lymph node,
and hepatic metastatic tissue specimens by using
Affymetrix GeneChip system, the Cancer
Research Institute of Zhejiang University
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screened out the high expression gene, OPN, in
hepatic metastatic tissue from more than 12,000
known genes and EST [29]. Based on the screen-
ing results of gene chip, expression difference in
OPN mRNA was detected in normal intestinal
mucosa, colorectal cancer tissue, and hepatic
metastatic tissue of colorectal cancer. It was
found that OPN mRNA expression level is high-
est in hepatic metastatic tissue of colorectal
cancer,second place in primary tissue of colorec-
tal cancer,and lowest in normal large intestinal
mucosa. It demonstrated the significant correla-
tion between OPN and hepatic metastasis of
colorectal cancer. By detecting histological posi-
tioning of OPN mRNA using in situ hybridiza-
tion technology, it was found that expression in
colorectal cancer cell was positive and in normal
hepatic metastatic tissue was negative. When
detecting histological positioning of OPN protein
by applying immunohistochemistry technology,
it was found that expression in colorectal cancer
cell and in normal hepatic metastatic tissue was
also positive (Fig. 3.1).

By combining the related functional detection
results of colorectal cancer cells after OPN trans-
fection, a hypothesis is proposed that OPN influ-
ences occurrence and development of hepatic
metastasis of colorectal cancer: for the colorectal
cancer cells with high expression of OPN, homo-
typic adhesion capability between cells is reduced
so that tumor cells are easy to detach from primary

In Situ

L L
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v

focus and complete the first step of metastasis;
GJIC function between cancer cells is inhibited
and intercellular communication is weakened,;
OPN also can enhance heterotypic adhesion
between colorectal cancer cell and blood vessel
endothelial cell, and expression of metastasis-
related gene CD44 is strengthened, and expression
of E-cadherin is inhibited, which urges tumor cell
to adhere to extracellular matrix. During the course
of reflux through portal vein, OPN provides pos-
sibility for colorectal cancer cell to invade periph-
eral vessel and to easily remain in the liver. The
combined ligand-receptor action between OPN
and its chemotactic receptor CD44 and another
receptor integrin makes colorectal cancer easy to
form metastatic focus in the liver, which demon-
strates that OPN is one of the important genes
involved that can influence occurrence and devel-
opment of hepatic metastasis of colorectal cancer.

Through the experimental study on expres-
sion of OPN and metastasis-related mechanism,
and combining their related literature, we deduce
the possible action mechanism of OPN that pro-
motes hepatic metastasis of colorectal cancer.
OPN is secreted from colorectal cancer cell,
which accounts for decreased expression of
adhesion molecules such as E-cadherin, reduced
homotypic adhesion and adhesion force between
cancer cells, inhibited GJIC function, and
enhanced invasive movement capability of cells.
Thus cancer cells can be detached from the

Fig.3.1 Expression of OPN in colorectal cancer and hepatic metastatic tissue
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primary focus to enter peripheral circulation so
as to initiate metastasis of colorectal cancer. At
the same time, due to the expression of OPN,
expression of another metastasis-related factor
CD44 also increases, and heterotypic adhesion
action between colorectal cancer cell and ECM
and blood vessel endothelial cell is enhanced. In
addition, chemotactic receptor CD44 of OPN
and another receptor integrin exist in the liver.
Ligand-receptor action between them makes
colorectal cancer easy to form metastatic focus
in the liver.

3.4.2 Secreted Protein, Acidic
and Rich in Cysteine-Like 1
(SPARCL1)

Based on the results of Affymetrix GeneChip
system and by adoption of mathematical analysis
method singular value decomposition (SVD), the
Tumor Research Institute of Zhejiang University
conducted an integrated analysis on cytobands

Serine protease
network

cDas 4 _— -

RGD
Integrin

-
y

Hepatic cells

Tumor cell is
heterotypically
adhered to
blood vessel
endothelial cell

Colorectal cancer cell

CD44v6

Ej Chemotactic

and genes expression profile data, of which cyto-
band 4q22 with the most significant difference
was further analyzed, and discovered the main
contributing gene osteopontin (OPN) of high
expression and the main contributing gene
secreted protein, acidic and rich in cysteine-like 1
(SPARCL1) of low expression.

Both SPARCLI1 and osteopontin belong to
adhesion molecule that mediates cell matrix
mutual action. SPARCL1 was discovered in the
study on non-small cell lung cancer conducted by
Schraml et al. for the first time in 1994, named as
MAST9 [30]. SPARCLI1 protein belongs to
secreted protein, acidic and rich in cysteine
(SPARC) family, with 62 % of homologous nature
as secreted protein, acidic and rich in cysteine
(SPARC) sequence. Both of them have cysteine-
rich follistatin-like (FS) structure field structural
domain and extracellular calcium binding (EC)
structural domain. But N end of SPARCLI is far
longer than that of SPARC, as shown in Fig. 3.2. It
is also named as SPARC-like 1 because its struc-
ture is highly homologous as SPARC. In recent
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Fig. 3.2 Schematic diagram of action mechanism of OPN in hepatic metastasis of colorectal cancer. RGD arg-gly-asp
(arginine-glycine-aspartic acid), GJIC gap junction intercellular communication (cell gap junction)
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years, the study discovered that downregulation of
the expression of SPARCLI in CD133+/CD34+
cell indicates the possible regulation related to
malignant tumors and other diseases [31].

Immunohistochemical detection discovered
that expression of SPARCLI1 in cytoplasm and
cell membrane of non-metastatic colorectal can-
cer is significantly higher than that in primary
focus tissue of hepatic metastatic colorectal can-
cer, but its expression in hepatic metastatic focus
is significantly lower than the paired primary
focus tissue of colorectal cancer. Through real-
time quantitative PCR validation, the difference
in the abovementioned SPARCL is also signifi-
cant in mRNA level.

Western blot and RT-PCR method verified that
there is no expression of SPARCLI1 protein and
mRNA in the three kinds of colorectal cancer cell
lines, i.e., RKO, SW480, and SW620. In in vitro
experiment, by adoption of MTT method and
through cell scratch test, it was discovered that
SPARCLI1 recombinant protein did not signifi-
cantly change the proliferation capability of the
three kinds of colorectal cancer cells, but migra-
tion capability of RKO cells was weakened sig-
nificantly. Such inhibitory action was not
observed in SW480 and SW620.

The present studies on SPARCL1 are summed
up as follows: (1) Expression level of SPARCLI1
is high in non-metastatic colorectal cancer tissue
while low in hepatic metastatic focus, which
indicates that SPARCLI1 perhaps is an early event
in the process of hepatic metastasis of colorectal
cancer and may serve as the marker for early pre-
diction of hepatic metastasis of colorectal cancer.
(2) In in vitro experiment, it was observed that
SPARCLI recombinant protein mainly has the
ability of inhibiting the migration of colorectal
cancer cells. SPARCL1 may become a candidate
target in hepatic metastatic treatment.

3.4.3 Mammary Serine Protease
Inhibitor (Maspin)

Maspin was obtained through suppression subtrac-
tive hybridization and differential display between
the normal mammary epithelial cells and breast

S.Zheng

cancer cells by Zhou et al. in 1994. Encoded pro-
tein maspin has relatively high homology with
other members of serine proteinase inhibitor super-
family, of which homology with equine and human
neutral, monocyte elastase inhibitor is 43 % and
39 % respectively. Expression of maspin has been
found in mammary epithelial cells, mammary
myoepithelial cells, and prostatic epithelial cells.

By applying mRNA differential display analy-
sis technology, the Cancer Research Institute of
Zhejiang University screened out ten pairs of
paired specimens of cancer tissue of solid tumor
(two pairs of cardia cancer, esophageal cancer,
gastric cancer, colorectal cancer, and ovarian
cancer, respectively) and normal tissue through
32 primers from ten pairs of clinical tumor tissue
samples. One hundred twenty-seven differential
display fragments were obtained. A human solid
tumor-related gene EST pool was preliminarily
established. Among these differential display
fragments, we found that expression of maspin
increased in four pairs of specimens of gastric
cancer, cardia cancer, and colorectal cancer. In
the study applying gene chip of more than 12,000
genes and EST, we also found that expression of
maspin significantly increased in 16 pairs of
colorectal cancer through the detection for 21
pairs of specimens of colorectal cancer and nor-
mal mucosa tissue.

Through the experimental study relating to the
expression of maspin in colorectal cancer and
metastasis, it was found that:

1. When importing exogenous antisense maspin
(AsCOLO205) into COLO205 colorectal can-
cer cell line, it was discovered that CD44 was
positively related to maspin and negatively
related to CD62, while there is no significant
change in CD54.

2. When applying gene chip and bioinformatical
analysis on the change in expression of
AsCOLO205, change was discovered in
adhesion-related genes, such as cadherin genes;
movement-related genes, such as actin-gene;
and cell information transmission-related genes,
such as cell linker protein gene.

3. When applying laser confocal technology to
detect functional change in cell linker protein of
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AsCOLO205, it was discovered that expression
level of gap junction protein of AsCOLO205
increased, and the function was somewhat
restored, but its function is still poor compared
with normal fibroblast.

4. Antisense maspin transfected COLO205 cell
line of colorectal cancer. Morphological
changes such as aggregation and proliferation
of colorectal cancer cells and enhancement of
adhesion occurred.

Therefore, we infer that possible action mech-
anism of maspin in colorectal cancer metastasis
is as follows: At the early stage of metastasis of
colorectal cancer, expression of maspin will
increase; adhesion function of colorectal cancer
cells is reduced through downregulation of the
expression of some adhesion molecules, such as
CD44 and cadherin, which is favorable for
detaching cancer cells from primary tumor so as
to initiate metastasis. Upregulation of P-selectin
makes cancer cells easy to become oncogenic at
the transportation stage so as to improve survival
capability of cancer cells. At the late stage of
colorectal cancer metastasis, i.e., the stage where
secondary tumor is formed, downregulation of
the expression of maspin enhances the adhesion
capability of colorectal cancer cells so that onco-
genesis of cancer cell increases, which is favor-
able for forming secondary tumor in target
organ; growth of cancer cell is also accelerated,
which is favorable for growth of colorectal cancer.

Intercellular communication of cancer cells is
restored to a certain degree, which is favorable
for cancer cells to quickly obtain the characteris-
tics of a certain tumor. Perhaps this is one of the
reasons for the difference in phenotype between
secondary tumor and primary one in most cases.

3.4.4 ST14 Gene

ST14 gene was discovered by the study group of
Prof. Zheng Shu of the Cancer Research Institute
of Zhejiang University for the first time. The
encoded ST14 protein belongs to type II serine pro-
teinase. It is deemed as one of the embers of protein
hydrolase family that involves tumor-invasive
metastasis [32]. Besides self-activation, possessing
activity of collagenase, and degradation of extra-
cellular matrix, this protein can identify and acti-
vate such proteins as proteinase-activated receptor
2 (PAR2), precursor of hepatocyte growth factor/
scatter factor (HGF/SF), and precursor of uroki-
nase-type plasminogen activation factor [33, 34].
These proteins are closely associated with the
growth and metastasis of tumor [35].

The Cancer Research Institute of Zhejiang
University applied GeneChip (microarray) tech-
nology to detect the change in gene expression pro-
file before and after colorectal cancer cell line RKO
transfected ST14 gene and discovered that high
expression of ST14 gene may cause upregulation
of the metastasis-related integrin f1 (ITGB1),

Table 3.1 Differential expression genes after RKO cell line transfected ST14

Top 10 upregulation probe sets

Top 10 downregulation probe sets

Probe set ID Gene symbol Probe set ID Gene symbol
1 1553538_s_at N/A® 1 1554237 _at SDCCAGS
2 1553551 _s_at MTND2 2 1555623 _at N/A®
3 1553575_at N/A® 3 1555801 _s_at ZNF533
4 1555461_at N/A® 4 1558048_x_at N/A®
5 1555653 _at MTND5 5 1558105_a_at N/A®
6 1555731 _a_at AP1S3 6 1561775_at N/A®
7 1558250_s_at N/A® 7 1564220_a_at N/A®
8 1558678_s_at MALAT1 8 1569110_x_at PDCD6
9 1560514 _at LOC285205 9 200600_at MSN
10 1561042_at ITGB1 10 200916_at TAGLN2

4N/A not available
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matrix metalloproteinase 1 (MMP1), MALATI,
AP1S3 genes, and oxidative phosphorylation path-
way (as shown in Table 3.1).

According to the present study results, encoded
protein of ST14 may participate in signal trans-
duction, jointly influence matrix degradation and
epithelium migration, and enhance tumor infiltra-
tion and metastasis through direct degradation of
extracellular matrix and activation of other mem-
brane proteins or matrix source proteins in certain
condition, such as growth factor, protein hydro-
lase, G protein-linked receptor on cell surface, etc.
It can be summed up as ST14-centered network
relation, where ECM, scHGF/SF, and Pro-UPA
are its stroma, F-action, and HAI-1 are binding
proteins (as shown in Figs. 3.3, 3.4, and 3.5).

3.4.5 Phosphatase of Generating
Liver 3 (PRL-3)

PRL-3 is a kind of protein tyrosine phosphatase. It
is a key enzyme in multiple signal transduction
pathways and plays an important regulation role
in cell growth, differentiation, and cell cycle. Loss
or abnormality of its expression will lead to
abnormal tyrosine phosphatization. In recent
years many studies indicate that PRL-3 can pro-
mote tumor cell migration and metastatic activity.
It is closely associated with tumor metastasis.

In 2001, Vogelstein et al. [36] screened dif-
ferential genes of metastatic focus of colorectal
cancer, primary focus and normal intestinal
mucosa by adoption of serial analysis of gene
expression (SAGE) and quantitative PCR
method. It was discovered that there is little or no
expression of PRL-3 in primary focus of colorec-
tal cancer and normal mucosa, while the expres-
sion is high in metastatic focus, which indicates

that PRL-3 is closely associated with hepatic
metastasis of colorectal cancer. PRL-3 may
become a new target of hepatic metastatic treat-
ment. After that, studies related to PRL-3 and
colorectal cancer metastasis gradually increase.
Many studies indicate that expression of PRL-3 in
primary focus is significantly related to hepatic
metastasis, but not significantly related to lymph
node metastasis (as shown in Table 3.2).

Tumor invasion and metastatic capability is
associated with angiogenesis promotion capabil-
ity of tumor cells. The study discovered expres-
sion of PRL-3 rises in tumor vessel [40].
Furthermore, expression of PRL-3 in tumor met-
astatic focus is mainly concentrated on tumor
vessel [41]. CHO cells of PRL-3 expression
intravenously injected into nude mouse tail can
promote the formation of pulmonic tumor in the
nude mouse [42]. PRL-3 in colorectal cancer
cells with intravenous infiltration and distant
metastasis significantly rises compared with that
without intravenous infiltration [37]. In in vitro
experiment, DLD-1 cell of PRL-3 expression

Fig. 3.4 Expression of SPARCLI in colorectal cancer
tissue

1 19 431 513 664 aa
% : Ca2+ Ca2+
signal highly acidic region FS domain EC domain
peptide g J
SPARC domain

Fig. 3.3 Schematic diagram of structural domain of SPARCLI protein
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may aggregate human umbilical vein endothelial
cells and promote angiogenesis through umbili-
cal vein endothelial cells [43].

PRL-3 may promote the enhancement of
colorectal cancer cell migration and invasion
capability. The in-depth study on related molecular
mechanism discovered that PRL-3 is associated
with multiple signal transduction pathways.
Cecile Rouleau et al. [44] transfected colon can-
cer cell line DLD-1 to make the expression of
PRL-3 high. It was discovered that invasion capa-
bility was improved. Hirotaka Kato et al. [37]
transfected PRL-3-specific miRNA in DLD-1 cell
line to downregulate the expression of PRL-3 and
discovered that tumor cell activity was reduced

HGF/SF

Fig.3.5 ST14 gene
regulatory network

and aggregation in liver decreased. But prolifera-
tion of tumor cells did not change.

Wang et al. [45] discovered that in the DLD-1
colon cancer cell line with continuous high expres-
sion of PRL-3, serine/threonine protein kinase Akt
was phosphatized and activated, and stroma of Akt
was phosphatized and deactivated. These events
rely on phosphoinositide-3 kinase (PI3K) and can
be blocked by specificity inhibitor LY294002 of
PI3K, which indicates that PRL-3 is associated
with PI3K-related signal transduction pathways.
In cell line DLD-1, expression of PRL-3 may
reduce epithelial cell marker protein, such as
E-cadherin (ECAD), y-catenin, and integrin (33
and increase the expression of mesenchymal cell
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marker protein, such as Snail and fibronectin,
which indicates that PRL-3 can mediate EMT so
as to promote tumor metastasis. Fiordalisi et al.
[46] discovered that in the colorectal cancer cell
line SW480, PRL-3 can improve RhoA and RhoC
activity. The use of Rho-associated protein kinase
(ROCK) (a kind of kinase that activates Rho in
upstream) inhibitor can block the migration and
invasion capability of PRL-3-dependent cell
migration and invasion capability, which indicates
that PRL-3 promotes cell migration and invasion
by its action in the upstream of Rho.

3.5 Prospect
More and more metastasis-related genes and pro-
teins are discovered and studied, and metastasis-
related pathways and networks are depicted
continuously. New metastasis-related concepts
and theories are too numerous to be counted.
Along with the development of high-throughput
technology, such as biological chip, sequencing
technology, etc., more molecular events related
to hepatic metastasis of colorectal cancer will be
discovered, and the whole metastasis-related
molecular network will be eventually depicted.
Although understanding about molecular
mechanism of metastasis keeps increasing, there is
still no good method for early diagnosis of hepatic
metastasis of colorectal cancer. Progress regarding
hepatic metastatic treatment is not noticeable. The
discovery of new genes and development of
hepatic cell theories provide a new breakthrough
point and new direction for our further study on
metastasis and also bring hope for diagnosis and
treatment of hepatic metastasis of colorectal can-
cer. When fundamental studies keep development,
an important issue that we face is how to conduct
translational study and how to convert the existing
study results to a tool to serve clinical work. On
the way to conquer tumor, cancer researchers will
shoulder heavy responsibilities.
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Metastatic Liver Cancer
and Microenvironment

Jia Fan and Qiang Gao

The metastasis to adjacent locations and distance
is one of the most important biological character-
istics that distinguish malignant tumors from
benign tumors. In 1976, Bross and Blumenson
proposed the famous “metastatic cascade theory”
[1], i.e., the complicated, dynamic, and continu-
ous biological process of invasion and metastasis
can be basically divided into the following rela-
tively independent steps:

1. The proliferation of cancerous cells and
angiogenesis in primary foci.

2. The detachment, directional movement, and
degradation matrix of tumor cells.

3. Penetration into vascular circulation and
migration.

4. Cancerous cells move to the target organs,
adhere to the vascular endothelial cells of the
target organs, and adhere to the basement
membrane.

5. Disassociate out of the vessels and reach sec-
ondary sites, have adhesions with secondary
sites, and form clones.

6. The proliferation and angiogenesis of cancer-
ous cells form metastasis.
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However, these steps do not occur in the ran-
dom modes, but rather have certain targets. As
early as in 1889, Paget proposed “seed and soil
theory,” which holds that the formation of tumor
metastasis is due to that the tumor cells in the
flourishing growth status serve as ‘“seeds,” and
when they encounter such suitable substrate
environments as organs or tissue, i.e., the soil, the
tumor metastasis will occur. Forty years later,
Ewing challenged this theory, proposing that the
occurrence of metastasis resulted from the pure
mechanical factors associated with anatomical
vascular structures. On the basis of summarizing
the clinical experiences, Dr. Sugarbaker con-
cluded that common local metastasis should be
attributed to anatomical or mechanical factors,
for example, venous return or lymphatic flow into
regional lymph nodes, but distant metastasis
should be attributed to organ specificity [2].
Later, this view became widely accepted, and
there was more and more clinical experiment
support. The liver metastasis process of colorec-
tal cancer is a typical example. The liver is the
most common organ for the distant metastasis of
colorectal cancer, and the metastasis process is
the result of co-activation of anatomical and bio-
logical factors.

On the other hand, although tumors occur as a
result of the accumulation of genetic changes and
colonial selection, tumors are independent but
working together with the promotion of tumor
invasion and metastasis as the mutual goal,
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including tumor cells and host stromal cells (vas-
cular endothelial cells, endothelial cells, periph-
eral vascular cells, fibroblasts, myofibroblasts,
macrophages, lymphocytes, dendritic cells, and
mast cells) as well as functional organs compris-
ing extracellular components; these cells are
embedded into the extracellular matrix (ECM)
and mutually constitute tumor’s microenviron-
ment with the vasculature and its surrounding tis-
sue fluid, and this is what we commonly call the
tumor microenvironment in a narrow sense, and
the external environment that tumor cells are in
or the external environment that tumor tissues are
in can also be understood as the tumor microen-
vironment. A tumor is like a society, in which
tumor cells maintain a relation of mutual fighting
and mutual utilization with the surrounding “nor-
mal” cells. The dynamic interaction between the
tumor cells and microenvironment is indispens-
able in the process of tumor occurrence and
development: microenvironment regulates the
growth of tumor cells and determines its meta-
static potential and metastasis target organ and
affects curative effects [3]. There are even some
opinions that chronic carcinogenic factors first
lead to the mutation of tumor interstitium compo-
nents, and the mutated interstitium further pro-
motes the mutations of adjacent epithelium,
genetic instability, and ultimate carcinogenesis
[4].

Liver metastasis is one of the major causes of
deaths from colorectal cancer. During the whole
course of disease, simultaneous liver metastases
are about 15-25%, while metachronous liver
metastases are 20 %. That is to say, about 50 % of
the colorectal cancer will ultimately have liver
metastasis. With the deepening of studies on
tumor’s biological behaviors and cancer molecu-
lar biology, people have gained deeper and deeper
understanding on colorectal cancer; however,
there are still a number of critical issues that have
not been clarified. From the prospect of microen-
vironment, it is beneficial to deepening the under-
standing of the biological nature of malignant
tumors. The occurrence of liver metastasis of
colorectal cancer not only needs the coordination
and promotion of the microenvironment in which
the cancerous cells are in, and the microenviron-
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ment of the liver itself plays an indispensable
important role. In view of this, this paper intro-
duces the important role that tumor microenvi-
ronment and hepatic microenvironment play in
the liver metastasis of colorectal cancer.

4.1 Tumor Microenvironment
and Liver Metastasis
of Intestinal Cancer

4.1.1 Cellular Components

of Tumor Microenvironment

The non-tumor cells in tumor microenvironment
mainly comprise of fibroblasts, fat cells, endothe-
lial cells, peritubular cells, and some cells in
blood, such as lymphocytes, mononuclear/mac-
rophages, granulocytes, natural killer cells, etc.
Although they are not malignant in nature, the
special local environment they are in and the
mutual effects between them and the tumor cells
bestow them abnormal phenotypes different from
the relevant phenotypes in normal tissue and
unique functions. In view that the non-tumor
cells in the microenvironment have consistency
between different tumor types, this paper shall
also make a brief introduction on the important
discoveries and their characteristics in other
types of tumor-related microenvironments.

4.1.1.1 Fibroblasts

Compared with the fibroblasts in normal tissue,
tumor-associated fibroblasts (TAF) in tumor
microenvironment are in continued active state,
not only not to be restored to the normal nonacti-
vated state but also not to have apoptosis or be
eliminated. (1) The activation of local fibroblast,
(2) the epithelial-mesenchymal transition (EMT)
of cancerous cells or microenvironment epithe-
lial cells, and (3) the differentiation and activa-
tion of bone marrow-derived precursor cells [5]
are generally thought as the sources of TAF. TAF
are mostly distributed in the tumor invasion front,
endothelial cells in the tumor—stromal interface,
or tumor interstitium near the tumor vessels and
wrap the ovaries. It is found through mouse tumor
model that the activated fibroblasts of overex-
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pression of hepatocyte growth factor (HGF) or
TGF-p can induce carcinogenesis in such a mul-
titude of tissues and organs as stomach and intes-
tinal cancer. The research of human breast cancer
tissue also found that stromal cells feature chro-
mosomal rearrangements, while malignant epi-
thelial cells do not, indicating abnormalities in
matrix may be before tumor epithelial and stimu-
late the occurrence of tumors. TAF plays an
important role in the invasion and metastasis of
tumors through various kinds of growth factors,
chemokines, angiogenic factors, and matrix deg-
radation enzymes of matrix-degrading enzymes
[5]. Experimental results of in vitro co-culture
also indicate that TAF has the effects of stimulat-
ing the growth, invasion, and metastasis of tumor
cells, while the fibroblasts derived from normal
tissues do not feature such effects, indicating
TAF’s unique phenotype and functions. TAF not
only features interactions with tumor cells and
endothelial cells but also has complicated regula-
tory networks with microenvironment immune
cells. For example, TAF can synthesize tenascin-
C and tenascin-C and further play inhibiting roles
on the local immunity of tumor tissue through or
directly inhibiting the migration of immune cells
of the contact barriers of immune cells and tumor
cells [6].

4.1.1.2 Endothelial Cells

During the developmental process of tumors,
tumor vessels play a very significant role, not
only providing tumors with nutrients but also
providing a path for the tumor metastasis. Since
the endothelial cells of tumor vessels are in the
tumor microenvironment for long terms, their
phenotypes and functional characteristics have
undergone obvious changes, including some
changes in immunological characteristics, for
example, the decrease of expression of adhesion
molecules, the weakening of leukocyte adhesion
and the trans-endothelial cell migration, the
downregulation of major histocompatibility com-
plex (MHC) molecule expression and antigen
presentation dysfunction, the enhancement of the
ability of anti-free radical damage, the synthesis
of large amounts of extracellular matrix and com-
bination of various kinds of growth factors, and

a

the increase of the tumor cells and resistance to
damages. Using the means of high-throughput
gene chips, the comparison of the variations of
genetic expressions of the vascular endothelial
cells in normal tissues and in relevant tumors has
found many molecules and their signaling path-
ways involving movements, invasion and metas-
tasis, and angiogenesis, among which some
genes and their products can serve the indicators
for the tumor’s capacities of invasion and metas-
tasis and prognosis [7]. Research has indicated
that there are striking differences in the sensitivi-
ties to drugs and adoptive immunotherapy (such
as lymphokine-activated killer (LAK)) before
and after the formation of tumor vessels: some
tumors which were sensitive to drugs and adop-
tive to immunotherapy are usually insensitive or
tolerant after the formation of blood vessels,
which indicates the important role of endothelial
cells of tumor vessels in tumor progression and
therapy. Endothelial cells of tumor vessels are the
first barrier to the entry of immune cells and ther-
apeutic drugs into the tumor tissue, and the spe-
cific functional characteristics of endothelial
cells of tumor vessels may be associated with the
escaping from immunity monitoring and elimina-
tion of tumor cells. And there exist interactions
between the tumor cells endothelial cells: on the
one hand, tumor cells express relevant Notch
ligands through the mitogen-activated protein
kinases (MAPK) signaling pathway, thus further
activating the Notch signaling pathway of endo-
thelial cells and promoting the formations of
tumor vessels [8]; on the other hand, the experi-
ments of in vitro co-culture and in vivo nodule
formation have all indicated that endothelial cells
can also directly enhance the growth, move-
ments, substrate degradation, and nodule forma-
tion of cancerous cell lung metastases [9].

4.1.1.3 Immune/Inflammatory Cells

Under the influence of chemotaxis factors,
immune/inflammatory cells migrate from bone
marrow or peripheral lymphoid tissues to the
tumor microenvironment. More and more evi-
dences have indicated that such innate immune
cells as mononuclear/macrophages, granulo-
cytes, mast cell, and B cell play important roles
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in the promotion of tumor occurrence and prog-
ress. The tumor-associated macrophages (TAM)
are M2 type, and compared with M1 type macro-
phages under common inflammatory conditions,
the antigen presentation effect and the activities
of tumor-killing cells of M2 type TAM type are
completely lost but play the roles of promoting
tumor growth, invasions, and metastasis [10].
TAM not only promote the proliferations of
tumor cells, angiogenesis, chemotaxis of immu-
nosuppressive cells, and the inhibition of antitu-
mor immunity responses by secreting various
kinds of active factors (VEGF, HGF, IL-8, IL-10,
TGF-B, CCL22, etc.) and enzymes (MMPs, etc.)
but also enhance the elevation of the invasion and
metastasis potentials through the direct interac-
tions between the tumor cells themselves [11].
For example, the direction effects of the pros-
tate’s cancerous cells dismiss its growth depen-
dence on sex hormone, make the invasion of the
cancerous cells have a qualitative leap, downreg-
ulate the expression of surface adhesion mole-
cules of hepatoma cells, and enhance their
mobility [12]. The tumor-associated neutrophils
(TAN) in the microenvironment also play a pro-
active and active role in the process of creating a
local microenvironment that is beneficial to
tumor growth, invasion, and angiogenesis
through similar mechanisms: in addition to the
participation of tumor progress with active secre-
tion of PDGF, EGF, TGF-, MMPs, etc., research
has found that under the influence of the GM-CSF
secreted by the tumor cells and the direct effects
of intracellular contacts, large amount of TAN is
synthesized, and oncostatin M (OSM) is released,
and in turn the member of this IL-6 family of
OSM enhances the detachment between the
tumor cells, angiogenesis, and invasion and
metastasis [13]. These phenomena indicate
immune cells of tumor microenvironment;
besides the mediation of the immunologic toler-
ance and immune escape through the traditional
immunological means, they can also directly
enhance the invasion and metastasis potentials of
tumor cells through such non-immunological
means as intracellular contacts and the combina-
tion of receptors and ligands and signaling path-
ways. The dendritic cells, which are renowned
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for their antigen presentation effects, in addition
to the main existent modes of immature state or
tolerantphenotypeinthe tumormicroenvironment,
have also been proven to directly enhance the
growth proliferation and malignant transforma-
tion and invasion and metastasis of tumor cells
through the signaling pathways of NF-kB and B
cell-activating factor [14]. A smartly designed
animal experiment has also proven B cells’
tumor-promoting effects [15] — the positive
HPV16 which was prepared through genetic
transformation — and meanwhile it does not
express the HPV16/RAG-1-/— of RAG-1; the
knockout of RAG-1 gene leads to the complete
loss of B and T cells, and compared with the
HPV16 mouse model that has not knocked out
the RAG-1, there is infiltration of innate immune
cells in its precancerous lesions. This is not only
substantially associated with the local low-level
matrix-degrading enzymes and angiogenic fac-
tors, the weakening of epithelial cell prolifera-
tion, and the good differentiation of horn cells of
the oncogene but also the malignancy rate which
greatly decreases (6.4 %, control mice was 50 %);
the infusion of B cells derived from mice on
HPV16/RAG-1-/-mice restores the process of
typical canceration—infiltration by large amount
of innate immune cells, uncontrolled angiogene-
sis of tumors, epithelial hyperplasia, and dedif-
ferentiation of keratinocytes and also elevates the
malignancy rate. Clinically, the correlation
between B cells and tumor progress and poor
prognosis has also been proven [16].

As main members of specific immunity, in
addition to the T cells featuring tumor-killing
effects, T cells also include subgroups with vari-
ous other functions. In the mouse tumor model,
CD4+CD25+ regulatory T cells, Treg directly
affects the progress of chemical induction of car-
cinogenesis [17]: adoptive transfusion of Treg
speeds up the process of induction of carcinogen-
esis by MCA,; after the elimination of the regula-
tory T cells by administering of anti-CD4 or
CD25 antibodies, the original process of carcino-
genesis was restored. Clinically, the evidence sug-
gests that FOXP3+Treg is associated with the
occurrence, development, and invasion: the analy-
sis of the expression distribution status of tumor
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microenvironment Treg in the normal pancreas
tissues, atypical hyperplasia, carcinoma in situ,
and even patients with pancreatic cancer in the
progressive stage has found that with the occur-
rence and progress of tumors, the quantities and
proportions of Treg gradually increase, while the
CDS8+TIA+CTL with local infiltration gradually
decreases or even disappears; Treg can be used as
an independent index of poor prognosis of pan-
creatic cancer patients [18]. The research in liver
cancer has also found that there exists a substan-
tial correlation between the Treg in the microenvi-
ronment and the tumor vessel invasion and the
high-invasive phenotype of incomplete envelope
[19]. Recently, it has also been proven that the
CD8+T cell subgroups in the tumor microenvi-
ronment can also enhance tumor progression [20]:
in the mouse model of carcinogenesis induced by
DMCA (double methlycholanthrene), the cell
subgroups of TCRap+CD8+CD44+CD62-T in
microenvironment have not only a defect of the
tumor-killing effect mechanism of perforin but
also large amounts of expressions of such inflam-
matory mediators as TNF-o, IFN-y, and Cox2.
The existence of these mediators greatly increases
the occurrence rate of carcinogenesis and speed of
carcinogenesis. It is worth mentioning that in
addition to the view of most researches that
tumor’s local infiltration or the quantity of Treg in
peripheral blood has a negative correlation with
the prognosis, colorectal cancer research also
holds that in para-carcinoma, its quantity is asso-
ciated with prognosis and has a positive correla-
tion with prognosis in cancer [21].

Recently, two studies based on such high-
throughput approaches as gene chips, PCR chips,
and tissue chips have found, for colorectal cancer,
that the comprehensive immunological factors of
tumor localities, including the four aspects of cat-
egories, density, distribution, and functional
states, are even a stage superior than TNM (tumor,
Lymph nodes, metastasis), and up till now, they
are the most accurate independent prognostic
index; the author infers that the T cells in the
tumor microenvironment can alter the invasion
and metastasis of cancerous cells by directly
affecting the cancerous cells or indirectly affect-
ing the tumor interstitium [22, 23]; for liver
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cancer, the expression spectrum of specific
immune/inflammatory genes in paracarcinoma
liver tissue can predict the vascular invasion and
prognosis of tumors, although the author also holds
that immunological factors can affect tumor’s inva-
sion and metastasis potentials, yet he is more
inclined to the view that the invasion and metasta-
sis potential of the cancerous cells themselves and
the individual specific genetic factors affect the
expression orientation of immune/inflammatory
factors in paracarcinoma liver tissue and make
them prone to metastasize [24], further demon-
strating the crucial and even decisive influence of
immune microenvironment on tumor progression.

It is worth mentioning that in addition to
direct impacts on the tumor cells, there also
exist mutual utilization and mutual cooperation
between the microenvironment and the non-
tumor cells, and one kind of non-tumor cells
also indirectly impacts the tumor cells via
another kind of non-tumor cells. For example,
the mast cells of microenvironment themselves
can directly enhance the angiogenesis and inva-
sion and metastasis of tumors; in addition, mast
cells are not only one of the important mecha-
nisms for the regulatory T cells to play immuno-
suppression, and the mast cells that are clustered
in peritumoral fibrous tissue can also inhibit the
growth proliferation of tumor cells through such
active substances as heparin that are released by
them [25]. Thus, it indicates the complexity of
the association between the functional diversi-
ties of microenvironment non-tumor cells and
the tumor microenvironment.

4.1.2 Extracellular Component

4.1.2.1 Extracellular Matrix

Degradation Enzymes

of Matrix-Degrading Enzymes
Extracellular matrix (ECM) is mainly composed
of such four components as collagen, elastin, gly-
coproteins, and proteoglycans. Normal ECM
structure is of great importance to maintaining
the polarity of cells, intracellular connections,
and the prevention of malignant transformation.
ECM reconstruction is the typical characteristic
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of changes in tumor interstitium, and it includes
the changes of nature and quantity of ECM com-
ponent expression and the abnormalities of ECM
protease levels. Many ECM components have
two way effects. Fibronectin (FN), type IV
collagen, thrombospondin (TSP-1), etc. can both
promote and inhibit the formation of tumor ves-
sels, mainly depending on their assembly meth-
ods and the structural integrity. Type XVIII
endostatin and type IV collagen degradation
products tumstatin inhibit the proliferation and
migration effects of endothelial cells on VEGF
by inducing their apoptosis so as to play their
effects as endogenous angiogenesis inhibitor.
Certain integrins play a critical role in the tumor’s
resistance to drug mediated by cellular adhesion.

In the early stage of tumor growth, extracel-
lular matrix and basement membrane play bar-
rier effects on the infiltration of early-stage
tumor cells, and they are the physiological bar-
riers that must be overcome in tumor metastasis.
For colorectal cancer, growth and metastasis first
need to invade the local tissue, and only after
they have invaded into the muscularis mucosa
and submucosal layer can they gain the chances
of entering the blood or lymphatic vessels. Even
after the initial invasion, the tumor cells retained
on the liver still need to invade into the liver tis-
sue before they can form metastasis. If tumor
cells are to form metastasis, they need to pen-
etrate through the basement membrane (BM)
and extracellular matrix (ECM). During this
process, tumor cells and interstitial cells will
secrete some enzymes So as to destroy these
barriers, and among them, the most studied and
most important must be matrix metalloprotein-
ases (MMPs). In the tumor invasion and metasta-
sis, MMPs [26] degrade the extracellular matrix,
are involved in the formation of neovascularity,
regulate cell adhesion, can activate the potential
activities of ECM structural proteins, and play
an important role in the chemotaxis of inflam-
matory cells and stimulation of tumor migration.
Integrin plays important roles in cell invasion
and regulates the migration of regulatory cells in
ECM,; it can also regulate the MMPs’ expression
and activate proteins with potential activities.
Other enzymes, enzyme inhibitors, cytokines,
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and growth factors in the tumor microenviron-
ment and their receptors and adhesion molecules
are all the substrates of MMPs. MMPs regulate
the local microenvironment by activating and
degrading these substrates; for example, through
the shearing of different locations of IL-1p, they
decide whether their directions are activated or
deactivated. MMPs initiate EMT and induce the
genetic instability of the tumor cells. An angio-
statin, which is an MMPs’ degradation product, is
a powerful inhibitor of endogenous angiogenesis.

What correspond to MMPs are tissue inhibi-
tors of metalloproteinase (TIMP), which is a
natural inhibitor of MMPs. The imbalance
between TIMP and MMPs has been proven to be
closely associated with a multitude of pathologi-
cal state, especially tumor’s invasion and metas-
tasis. Regarding interstitial cells of tumor
microenvironment, TIMP can also directly play
anti-apoptosis functions through the PI3K and
JNK signaling means. In addition, the contrast
imbalance of other enzymes and their inhibitors
in the microenvironment, for example, uPA and
PALI, also plays a role that cannot be ignored in
the degradation of substrates and the release of
relevant signals of the accumulation of proin-
flammatory cells, angiogenesis and tumor inva-
sion, and metastasis. uPA levels and the
expression of uPA receptors on the cell surface
are associated with the invasion and metastasis of
intestinal cancer.

4.1.2.2 Cytokines and Growth Factors
Cytokines and growth factors released by tumor
cells and microenvironment interstitial cells are
unanimously acknowledged to have biological
behaviors on tumor cells and mainly include
TGF-f, stromal cell-derived factor 1 (SDF-1)/
CXCL12, VEGF, HIF-1a, and secreted protein
acidic and rich in cysteine (SPARC).

Under normal circumstances, TGF-f is
renowned for its functions of inhibiting growth,
promoting apoptosis, and suppressing immu-
nity, and it plays an important role in maintain-
ing the tissue homeostasis. Tumor cells not only
lose the inhibition effects on the growth of TGF-
B, manifested in strong proliferation response,
but also it can secrete high levels of TGF-p.
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TGF- is the most effective inhibiting molecule
that mediates tumor immune escape; it is
responsible for the invasion and metastasis
capacities of tumor cells; for example, it
stimulates the expression of integrin a3p1 in
noninvasive hepatoma cells and transform them
to invasive liver cancer [27], the EMT that
induces cancerous cells and enhances its inva-
sion and metastasis; it affects the microenviron-
ment interstitial cells, such as the ECM and
cytokines, that stimulate the secretion of TAF,
enhancing the migration of progenitor cells and
angiogenesis, indirectly accelerating the tumor
progress.

The constitutive expression SDF-1 of mesen-
chymal cells and interstitial cells, i.e., CXCL12,
is a member of the chemokine family, and its
ligand CXCR4 has high expression in large
amount of tumor cells, and meanwhile tumor
cells can also have autocrine of SDF-1. Like
other chemokines and their ligands (see the fol-
lowing), SDF-1/CXCR4 axis plays a critical
role in the growth and proliferations and inva-
sion and metastasis of tumor cells and angio-
genesis and in the process of directional transfer
of target organs [28].

As a transcription factor, HIF-1a can regulate
the gene expressions in downstream after it is
activated, and these protein products mostly
involve angiogenesis, energy metabolism, cell
proliferations, and survival vasomotor response.
Research has found that the expression of HIF-1a
has significant correlation with the tumor’s
benign and malignant natures and characteristics
of tumor invasion and metastasis. The functions
of microenvironment HIF-la in tumor’s occur-
rence and development mainly include promot-
ing the formations of neovascularity, creating
conditions for the invasion and metastasis of
tumor cells, and promoting the production of a
multitude of glycolytic enzymes, and the eleva-
tion of glycolysis can make the tumor cells more
adaptable to the adverse environment of ischemia
and hypoxia in the surrounding.

4.1.2.3 Chemokine
In tumor microenvironment, chemokine affects
the growth and metastasis of tumors in the fol-
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lowing aspects: regulating the migration of
inflammatory/immune cells to tumor tissue. The
infiltration of CD8+CTL by CCL2 and CCL5
into the tumor microenvironment plays a critical
role; in the tumor model prepared with the tumor
cell lines with CCL2 and CCL3 expressions, it is
found that in the transplanted tumors, the lym-
phocyte infiltration has increased, the tumor
growth has been slowed, and metastasis foci have
decreased, indicating such transformed tumor
cells can enhance the host’s antitumor immunity
[29]. However, in the mouse tumor model pre-
pared with transfected Ras tumor cells, tumor
cells demonstrate high Ras-dependent expression
of CXCL8 and CXCLS8 chemotaxis of large
amounts of inflammatory cells, which leads to
local severe chronic inflammation response and
the formation of tumor vessels [30], affects the
body’s eliminating capacity of tumor cells, and
regulates the angiogenesis of tumor tissues: CXC
chemokines containing ELR motif (Glu-Leu-
Arg), such as IL-8, can enhance the tumors’
angiogenesis, but CXC chemokines not contain-
ing ELR can resist tumors’ angiogenesis. In addi-
tion, partial chemokines of CC type also have the
effects of enhancing angiogenesis. Therefore, the
balance of microenvironment chemokines is one
of the important mechanisms of tumors’ angio-
genesis; it stimulates the tumors to produce
growth factors in the forms of autocrine or para-
crine: chemokines mostly stimulate tumor cells
and interstitial cells in the form of autocrine and
make tumor cells survive and grow. Melanoma
cells not only can express CXCR2 but can also
secrete large amount of corresponding ligands
CXCL1, and such autocrine can lead to the
speedup of proliferation of tumor cells.
Chemokines can also stimulate the growth of
tumor cells in the form of paracrine. When the
tumor cells express CXCL12, they can produce
TNF-a, thus enhancing the proliferation of tumor
cells and affecting the invasion and metastasis
potentials of tumor cells. The combination of
chemokine receptors and ligands can induce the
movement of tumor cells and make them transfer
to target organs, and the corresponding ligands
that exist in the target organs in large quantity not
only lead to the transfer of organ specificity of
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tumor target organs but also can strengthen their
movements, invasion, and substrate degradation.
For example, in the CCR1 expression of hepa-
toma cells, those with higher metastatic potential
have stronger expressions, and the downregula-
tion of CCRI1 significantly decreases the meta-
static capacity of hepatoma cell lines with high
metastatic potential, such chemokines; as CCR1’s
main ligands, RANTES and MIP-1a are mainly
expressed and distributed in the portal area of
paracarcinoma liver tissue and lobular central
vein area. The liver cells are almost not expressed,
indicating the important role of the interaction of
CCRI and its ligands in the process of selective
invasion of the portal vein of liver cancer and the
value of CCRI1 for judging liver cancer invasion
[31].

4.1.3 Vascular Structure
of Microenvironment

In order to maintain the necessary nutrition
metabolism, tumors must depend on certain vas-
cular structures, and neovascularities are also the
necessary conditions for tumor cells’ invasion
and metastasis. Tumor cells themselves, as well
as the fibroblasts, inflammatory cells, and bone
marrow-derived precursor cells in the microenvi-
ronment, secrete large amounts of angiogenic
factors and activate the angiogenic switch; among
them, in over 20 kinds of polypeptide vascular
growth factors that have been discovered so far,
the most important one and the one that plays the
central regulatory role is VEGF. Sprouting and
growing on the basis of the existing vascular
structures and having chemotaxis on endothelial
progenitor cells to generate new vessels and vas-
culogenic mimicry (VM) (the pathway structures
with tumor cells as linings) are the main forma-
tion modes of tumor vessels. Among them, the
“vasculogenic mimicry (VM)” is only seen in
highly invasive tumors, and it is rarely seen in
low-invasion tumors or benign tumors. VM’s
existence not only greatly enriches the blood flow
of tumor tissue, but also since the tumor cells
directly construe the vascular walls and are free
of the linings of endothelial cells, the tumor cells
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release protease to degrade the basement mem-
brane within the vessels and come into direct
contact with blood circulation, thus making VM
more conducive to the growth and invasion and
metastasis of tumors. This was further proved in
clinical tumor research, and there were primary
liver cancer with VM that has poor differentia-
tion, high invasion and metastasis potentials, and
poor prognosis [32]. Compared with the vascular
structures of normal tissues and organs, the vas-
cularity in tumor microenvironment is uneven
and has a relatively lower average density and
long dispersion distance. Other characteristics
include having abnormal and twisting morpholo-
gies, irregularities of lumen and structure of the
wall, and branch disorders and often ending in
dead ends; it has no normal arteriole—capillary—
veinlet structure, and in replacement it has arte-
riovenous fistula and plasma channels free of red
blood cells. The vasculature possesses extremely
high permeability, which can lead to high inter-
stitial pressure of the microenvironment, worsen
hypoxia, and further promote the formation of
VEGF. Angiogenesis is the indication of malig-
nant tumors’ progress, and in clinical practice,
angiogenesis parameters have been regarded as
independent indicators in the judgment of tumor
prognosis.

The total loss of functional lymphatic vessels
inside the tumors is another important character-
istic of microenvironment, but on the other hand,
more and more researches indicate that lymphatic
metastasis is the active behavior of tumor induc-
ing the generation of lymphatic vessels. Due to
the unique anatomy of the lymphatic vessels (the
lack of closely connected single-layer lymphatic
endothelial cells, incompletion of basement
membrane and thin vessel walls) as well as the
hydrodynamics characteristics (slow flow rate
and shear force), compared with hematogenous
spread, lymphatic spread is a more effective
means of tumor metastasis. In view of the non-
functional lymphatic vessels inside tumors, some
scholars think that without the newly formed
lymphatic vessels inside the tumors, only the
lymphatic vessels on the tumors’ edges are suffi-
cient in order for lymphatic metastasis to occur.
Histological studies have also found that peritu-
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moral lymphatic vessels are not only larger in
quantity and lumen, but they are also significantly
associated with the lymph node metastasis in the
tumor area [33]. VEGF-C/D are the two most
important factors for the formation of tumor lym-
phatic vessels, and they also directly promote the
chemotaxis and invasion of tumor cells on
lymphatic vessels. Antagonistic VEGF-C/D ther-
apy can inhibit tumors’ lymphatic metastasis.
The expression of VEGF-C/D or lymph vascular
invasion (LVI) and lymphatic microvessel den-
sity (LMVD) in such tumor tissues as human
breast cancer, stomach cancer, colorectal cancer,
and lung cancer has been used as the molecular
markers and the predictors of tumors’ lymphatic
metastasis and has become the prognostic mark-
ers that independently indicate tumor-free sur-
vival rates and total survival rates [34, 35].

4.1.4 Abnormal Metabolic State
of Microenvironment

Under the co-activation of tumor cells and vascu-
lar structures, tumor microenvironment has
formed three symbolic characteristics: low oxy-
gen partial pressure/hypoxia, high interstitial
fluid pressure (IFP) and acid extracellular fluid.
They are the most important external factors that
lead to the genetic instability of tumor cells. In
the different locations of the same tumor, or at
different times of the same location, and at the
different individual tumors of the same patho-
logical grades and developmental phases, these
characteristics are not necessarily the same;
therefore, they are also the important causes of
tumor heterogeneity.

4.1.4.1 Hypoxic State

Due to the unique structural characteristics of
blood vessels of tumor microenvironment, for
example, lumens are irregular and can easily
collapse, thus leading to intratumoral chronic
hypoperfusion temporary acute hypoxia, induc-
ing the apoptosis or necrosis of tumor cells.
However, there are still some tumor cells that
are tolerant to hypoxia, can survive after escap-
ing the selective pressure of apoptosis and
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necrosis, and manifest more malignant biologi-
cal characteristics: the increase of invasion and
metastasis capacity, decrease of sensitivity to
chemoradiotherapy and having stronger capacity
of angiogenesis. Hypoxia results in the reduc-
tion and activity decrease of DNA mismatch
repair enzyme and the mutations of tumor-
prone points; the gene amplification induced
by hypoxia increased the tumor cells’ genetic
instability, and the release of a large amount of
active molecules (HIF-1a,VEGF, IL-8, HGEF,
etc.) induced by hypoxia and inflammatory
reactions is a major mechanism for hypoxia to
function [36]. It can be seen that hypoxia, a rep-
resentative microenvironment characteristic that
runs through the process of tumor growth, not
only bestows tumor cell potentials of constant
growth, malignant progression, and invasion
and metastasis, and the hypoxia-induced neo-
vascularities maintain the tumor growth but also
lay a necessary foundation for tumor metasta-
sis. Hypoxic microenvironment can also lead to
a change in the dendritic cells’ (DC) migration
activity by influencing the expression balance of
MMP-9/TIMP-1; thus it can lead to functional
abnormalities, produce local immune suppres-
sion, and enable the tumor cells, especially the
tumor cells in hypoxic areas, to immunologi-
cally escape, thus forming local infiltration and
distant metastasis. Finally, the evolutionary
selection caused by hypoxia makes tumor cells
more invasive and metastatic.

4.1.4.2 Abnormal pH Values

The pH of tumor cells in malignant tumors is
higher than that outside the cells but is lower than
the pH within the relatively normal cells; the pH
outside tumor cells is 6.5-7.0, and the pH outside
the relevant normal cells is 7.1-7.6. Such an intra-
cellular and extracellular pH grade and acidic
extracellular environment have different effects on
antitumor drugs: it is easy for drugs of weak acid
to infiltrate into the cells to function, but it is hard
for alkaline drugs to permeate into the cells, thus
leading to restricted curative effects. In normal
mammals, malignant cells characteristically dis-
play mutated metabolic models and rely on anaer-
obic metabolism of sugar as lactic acid increases,
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even with sufficient oxygen; the low efficiency of
anaerobic metabolic pathways is supplemented by
the flow increase of sugar, and the latter indicates
that in human tumor, the glycolytic phenotype is
nearly a common phenomenon. Some researchers
have studied the role of glycolytic phenotype in
the enhancement of tumor infiltration using the
tumor-host mathematical model [37]. The glyco-
Iytic phenotype successfully adapts to environ-
mental selection parameters, and it gives tumor
cells the infiltration capacity; glycolytic phenotype
allows cells to migrate from the microenvironment
of precancerous lesions to adjacent normal tissues.
These cells compete with the surrounding normal
cells, while the normal cells are not adapted to the
microenvironment with rich relevant substrates as
compared with cell groups in tumor. Consequently,
the unlimited proliferation of tumor leads to the
formation of glycolytic phenotype, and meanwhile
the precancerous lesion converts into infiltrative
tumor.

4.1.4.3 Elevation of Interstitial
Pressure

The permeability of solid tumor vasculature is
commonly higher than that of normal tissue. The
high permeability of the vasculature results in
leakage of blood, which enters interstitial space.
In addition, the reconstruction of tumor microen-
vironment ECM, contraction induction mediated
by TAF, and a lack of functional lymphatic ves-
sels leads to abnormally high interstitial space
pressure. The elevation of peripheral blood
osmolality leads to the decrease of osmotic pres-
sure of the entry of drive drug molecules into the
tumor tissue. Meanwhile, the accumulation of
body fluids in the interstitial space will make the
tumors swell swiftly. Clinical studies on intesti-
nal cancer patients indicate that the abnormalities
of vasculature permeability, the subsequent high
interstitial fluid pressure, and the coexistent
immunologic tolerance are the main causes of
metastasis. In addition, the tumor cells carried in
the tumor effusion fluid and the protein mole-
cules formed by various kinds of vascular and
lymphatic vessels are means that cause the diffu-
sion of tumor cells. More understanding of mol-
ecules’ mechanism on the regulation of tumor
permeability provides assistance to the strategy
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of better treatment of tumors from the field of
molecular medicine.

4.1.5 Microenvironment’s Apparent
Genetic Regulation on Tumor
Cells

In the cross dialogue between the microenviron-
ment’s immune cells and tumor cells, the critical
regulators of both parties’ phenotypes and func-
tional changes are the relevant signaling path-
ways of signal transducer and activator of
transcription 3 (STAT3) [38]. In most tumor cells,
STAT?3 is in sustained active state, and under the
effects of cytokines and growth factors that exist
in large amounts in tumor microenvironment,
such as IL-10, VEGF, and TGF-8, it further acti-
vates the signaling pathways in the tumor cells
and promotes the expressions of many apoptosis-
inhibiting genes and angiogenesis genes. More
importantly, under the effects of the products
expressed under the regulation of STAT3 signal-
ing pathways and the factors that already exist in
microenvironment, the STAT3 signaling path-
ways in the microenvironment’s immune cells
are activated, resulting in the induction, activa-
tion, amplification, and functioning of regulatory
T cells; inhibition of the differentiation, matur-
ing, and activation of myeloid dendritic cells; and
the reduction of the tumor-killing activities of
NK and macrophages [39]. Meanwhile, the
STAT3 signaling pathways in the microenviron-
ment’s endothelial cells are also activated and
coupled with the release of angiogenesis sub-
stances in large amount and greatly elevate the
generation capacity of tumor vessels [40].

MAPK and Notch signaling pathways play an
important role in tumor cell enhancement of
endothelial cells’ process of neovascularity [8].
Under the induction of activated MAPK signal-
ing pathways, cancerous cells express Jaggedl,
Jaggedl in large amount as Notch’s ligands, thus
activating the Notch signaling pathways in the
adjacent endothelial cells, leading to the prolif-
eration of endothelial cells and angiogenesis; it is
further discovered that the Jagged1 as the Notch’s
ligands is more closely associated with microves-
sel density and tumor progression.
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The Nodal signal in the TGFp superfamily is
the critical signal for the induction of mesoderm
production in early embryos and the maintenance
of multilineage differentiation of embryonic stem
cells. And the highly invasive subtypes of such a
multitude of tumors as breast cancer, testicular
cancer, and melanoma also express Nodal signal-
ing pathways, the difference being the loss of the
relevant inhibitor Lefty and the continued close
relation between invasion and metastasis capac-
ity [41]. Expose the human metastatic melanoma
cells to the microenvironments of human embry-
onic stem cells, zebrafish embryos, to weaken its
invasion and reduce the nodule formation capac-
ity. And the inhibitor lefty of Nodal signals
released in the embryonic microenvironment is
considered one of the mechanisms of its effects
[41]. Lefty inhibits the Nodal-mediated SMAD
phosphorylation and the relevant gene expression
of the transcription factor forkhead box HI1
(FOXH1) of its downstream, ultimately leading
to the positive regression of cancerous cells.

4.1.6 Impacts of Tumor Cells

on Microenvironment

There exist active conversations featuring two-
way interactions between the tumor cells and the
microenvironment they are in, ultimately forming
vicious cycles that enhance tumor progression.
Some scholars hold that tumor cells are the “lead-
ing roles” in its progression process, while the
various kinds of nontransforming cells in the
microenvironment and the relevant extracellular
components are “supporting roles” and are
selected constantly and modified by the “leading
roles” beginning from the early stage of cancera-
tion. The soluble small molecules in the microen-
vironment play an extremely important role in the
process of cross dialogues and mutual modifying
of both parties: although the changes of the reac-
tive stroma of prostate cancer can be used as the
predictors of recurrence and metastasis, this kind
of change originates from the shaping role released
by TGF-p and interstitial cells released by cancer-
ous cells [42]. In addition, the direct contact of
tumor cells and interstitial cells and the exocrine
vesicles of tumor cells are the other two important
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mechanisms for the change of the microenviron-
ment by tumor cells. Although there is still no con-
firmed conclusion on whether the initial factors are
the abnormalities of the epithelial cells themselves
that lead to canceration or it is the abnormalities of
the microenvironment that lead to the canceration
of epithelial cells, some studies indicate that the
selective pressure produced by the core suppressor
genes that specifically inhibit the cell aging rele-
vant signaling pathways in the cancerous cells
(i-e., the growth of fibroblasts free of p53 mutation
is limited) can induce the increase of a large num-
ber of p53 mutant fibroblasts in the microenviron-
ment and further produces reactive interstitial
environment conducive to the growth and invasion
of cancerous cells [43]. This partially explains
why TAF can enhance the tumor’s invasion and
metastasis as stated above, but normal tissue-
derived fibroblasts are not the same; this also indi-
cates tumor cells’ active transformation of the
microenvironment, as well as the necessity of such
transformations to tumor progression.

In the processes of the formation of immune
suppression network of tumor microenviron-
ment, as well as their diffusion to regional lymph
nodes, the spleen, and even the whole body, the
tolerogenic substances produced by tumor cells
play a critical role [44]. The VEGF, SDF-1, etc.
produced by tumor cells stimulate chemotaxis of
the immature myeloid cells in the circulation and
induce these cells to be regionally differentiated
into TAM and tolerogenic DC; tumor cells secrete
soluble Fas, FasL, HLA-I, etc., to inhibit the kill-
ing capacity of locally infiltrated Nature Kill cell
(NK) and CTL and promote their apoptosis;
tumor-derived exocrine vesicles, consisting of
large amounts of FasL, TRAIL, and soluble
inhibitory molecules TGF-f, can also induce
T-cell apoptosis and the differentiations of TAM
and immature DC.

4.2 Hepatic Microenvironment
and Liver Metastasis

of Intestinal Cancer

The liver is the second most common target organ
of tumor metastasis only next to lymph nodes.
Based on the differences of the primary sites,
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liver metastasis can be seen in about 30-70 % of
tumor patients. Among adults, the most common
primary organs are melanoma, tumors of the gas-
trointestinal tract, breast cancer, lung cancer,
neuroendocrine tumors, and sarcoma, while in
children, the most common are neuroblastoma,
Wilms’ tumor, and leukemia. Most liver metasta-
ses are multifocal, and 77 % involve the left and
right lobes of the liver, and only 10 % are single
liver metastases. Although the effects of the
genetics and phenotypes of metastatic tumor
cells and the heterogeneity of the genetic and bio-
logical characteristics of the patients themselves
on the occurrence and progress of liver metasta-
sis have not been fully clarified, scholars unani-
mously hold that the structures and functional
characteristics of hepatic microenvironment
itself, such as the functional diversity of micro-
circulation structures, hepatic parenchymal cell,
and mesenchyma cells, play an important role on
liver metastasis.

On the whole, the liver filters the portal vein
blood flow of internal organs, and blood circula-
tion occupies 30% of the cardiac output; the
blood flow of hepatic microcirculation is slow
and stagnant, and it is regulated by the Kupffer
cells in blood sinusoid and astrocytes around
sinusoid; the Kupffer cells that are prominent in
sinusoid and endothelial cells provide rich adhe-
sion mediation of cell surfaces, receptors, and
highly effective endocytosis; large amounts of
innate immune cells, such as macrophages, mast
cells, dendritic cells, and NK cells, provide a spe-
cific tolerant microenvironment; parenchymal
and stromal cells of the liver induce the formation
of interstitial cells of metastatic tumor, inflamma-
tory state, and angiogenesis depending on the
necessity. This paper will elaborate this continu-
ous process through four independent steps.

4.2.1 Capillary Phase That Enters

Hepatoma Cells

After cancerous cells have entered the liver, they
reach and are retained in the terminal branches of
the portal veins, and also a few single cancerous
cells stride over the sphincter of the preantral
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capillary to enter the proximal sinus, but there
might still be a very few cancerous cells further
entering the centrilobular vein along the liver
sinusoid and finally reaching pulmonary circula-
tion. Most hepatic cancerous cells will be elimi-
nated by the following forces: the direct killing of
NK cells, the reactive oxygen products released
by Kupffer cells, the activation of passive anti-
cancer immune response, and the obstruction of
cancerous cells resulting in the release of free
radicals in large quantity which are induced by
ischemia—reperfusion injury. A small portion of
cancerous cells survive by escaping killing via
various kinds of active mechanisms. For exam-
ple, CEA expressed by cancerous cells can induce
the production of IL-10, thus inhibiting liver cells
from releasing their NO, etc. inflammatory medi-
ators; intestinal cancerous cells express MHC-I
molecules so as to escape the cytotoxicity of NK
cells; cancerous cells synthesize large amounts of
glutathione so as to neutralize and offset the
oxidative stress.

The cancerous cells that have subsequently sur-
vived, under the effects of inflammatory mediators
and cytokines (TNF-a, IL-1, IL-18), are closely
associated with the sinusoidal endothelial cells
through the VCAM-1 on the endothelial cells. In
experimental animals, the use of the neutralizing
antibodies in VCAM can reduce liver metastasis by
75 %, from which we can see the core role of
VCAM in this process [45]. In addition, the [ICAM-
1, P-selectin, and E-selectin expressed by endothe-
lial cells play certain role in this step.

4.2.2 Formation of Micrometastasis
Within the Hepatic Lobule

Cancerous cells further penetrate through sinu-
soidal endothelial cells and are colonized in the
Disse gap or around the liver cells and have che-
motaxis and attraction of sinus astrocytes, fibro-
blasts of portal area, and partial liver cells,
gradually forming a subclinical, neovascularity-
free micrometastasis. When the metastasis is
formed in the surroundings of sinusoid, sinus
astrocytes are the main source of its stroma and
express the marker of activation a-SMA; when
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the metastasis is colonized in the periphery of
hepatic lobule, fibroblasts of portal area are the
source of mesenchyme; in addition, liver cells
themselves can also become mesenchyme of
metastasis through the transformation of epithe-
lial matrix. These interstitial cells enhance the
growth of micrometastasis and angiogenesis via
the paracrine effects (VEGF, PDGF, HGF, TGF-
B, and IL-8).

In-depth exploration of the functions of liver
cells and interstitial cells and the heterogeneity of
phenotypes in various regions of hepatic lobule or
liver acinus is extremely important to the under-
standing of the selection formations of intrahepatic
micrometastasis focus. There exist differences in
the liver cell structures, metabolism, and enzyme
activity in the different locations inside the liver
acinus, which are known as the differences of
structure and functional grades. Based on the rela-
tionship between the routing characteristics of
hepatic microvascules and the regeneration of liver
cells, Rappaport proposed that liver acinus is the
smallest unit of microcirculation structures, i.e., the
concept of Rappaport’s liver acinus [46]. Liver aci-
nus refers to the liver cell region that is formed with
a terminal vessel (terminal portal branch and
hepatic artery branch) that branches out from the
interlobular artery and interlobular vein of the por-
tal area as the axis and with the central veins at two
ends as borders. A classical hepatic lobule contains
six liver acinuses. The blood flow within the liver
acinus unilaterally flows to the central vein from
the axis. Based on the directions of blood flow, the
liver acinuses are classified into three functional
zones: the part near the axial vascular is Zone I,
where liver cells get priority in obtaining the blood
supply rich in oxygen and nutrients, and cellular
metabolism is active, the volume of mitochondria
is expanded, and phagocytic activity of cells and
antivirus and regeneration capacities are relatively
stronger. Liver cells have rich contents of succinic
dehydrogenase, and the contents of cytochrome
oxidase, enzymes, and transaminase are also rela-
tively higher, and they are the major locations of
protein and glycogen synthesis. The part near the
central vein is Zone III, where liver cells have
poorer nutrition and low resistance to harmful sub-
stances, and regenerative capacity is not strong; the
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part between Zone I and Zone III is Zone II, where
the nutrition, metabolism, and regenerative capac-
ity of liver cells are all between those of the previ-
ous two zones. Intrahepatic micrometastasis mostly
occurs in the near portal area with rich oxygen sup-
ply and nutrients, i.e., Zone I, and it is closely asso-
ciated with the adhesive molecules, phagocytic
activities, and large amount of astrocytes and liver
cells with active functions. In addition, colorectal
cancer cells have high expression of CCR6, and the
liver is the major source location of CCL20 in addi-
tion to lymph nodes (CCL20 is the sole ligand of
CCRO6); especially the mononuclear cells, macro-
phages, and dendritic cells of the portal area have
high percentage of expression of CCL20 and
CCR6/CCL20, playing an extremely important
role in the directional metastasis of intestinal can-
cer in the hepatic portal area [47].

The difference from the main biological behav-
iors of large tumors is that micrometastasis is free of
blood supply. Therefore, micrometastasis cells
obtain oxygen and nutrition through permeation,
which confines it from growing into a cancer nest of
2-3 mm. These cancerous cells maintain dormant
on a long-term basis, and their cell dynamics and
apoptosis are equal; therefore there is no pure
growth. This balance is maintained until the cancer-
ous cells are identified and eliminated by the immune
monitoring system or obtain blood supply and grow.

4.2.3 Angiogenesis
of Micrometastasis

The further development of micrometastasis into
a general metastasis with clinical significance
requires the formation of new blood vessels,
which is an active process, including the degrada-
tion of extracellular matrix, proliferation and
migration of endothelial cells, and the formation
of new vessels, and among them, hypoxia and
inflammatory mediators are the most important
stimulants of angiogenesis. Since the discovery
by Folkman of the phenomenon that tumor
growth depends on angiogenesis, many factors
that have positive and negative regulations of
angiogenesis have been successively discovered.
Tumor’s survival and metastasis depend on the
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comprehensive results of positive and negative
regulators, and the ultimate result tends to have
the formation of tumor vessels. For colon cancer,
among the multitude of relevant angiogenic fac-
tors, the vascular endothelial growth factor
(VEGF) is by far the most important angiogenic
factor and plays a main role on the initial degra-
dation of extracellular matrix. There is a close
relationship between the VEGF expressions of
colon cancer patients at different stages of dis-
ease and vascular density and metastasis, and the
expression of VEGF’s receptor KDR on the vas-
cular endothelial cells of tumor is also associated
with vascular density and VEGF. On colon can-
cer patients with negative lymph nodes, vascular
density is rather high, and the VEGF expresses
relatively more unfavorable prognosis. A multi-
tude of methods, such as the antibodies of anti-
VEGF receptors or the tyrosine kinase inhibitor
intercepting the VEGF receptor role, are adopted
to block VEGF’s activity which can reduce the
quantity, sizes of hepatic metastasis of mice
colon cancer model, and the vascular density of
metastasis. In addition, sustained anti-VEGF
therapy will lead to the death of tumor vessels
and even tumor cells. Fibroblast growth factor
(FGF) family is another group of powerful angio-
genic cytokines, which enhance the removal of
endothelial cells and the formation of small ves-
sels, and there is coordination between VEGF
and bFGF. What is more important in the metas-
tasis of colon cancer is the platelet-derived endo-
thelial cell growth factor (PD-ECGF).

The angiogenesis of liver metastasis of intesti-
nal cancer is closely associated with three kinds
of tumor growth patterns [48]: desmoplastic
growth pattern, pushing growth pattern, and
replacement growth pattern. Desmoplastic
growth and pushing growth destroy substantial
liver structure, with obvious angiogenesis, and
replacement growth is maintained in the reticular
fiber structure of the liver in the tumor-host inter-
face, which guides the interstitial cells to grow
along the residual reticular fiber structure of the
liver, and these vessels in the interface not only
have no expression of CD34 but also have no
coverage of a-SMA+ interstitial cells, indicating
smaller quantity of angiogenesis. However, the
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proportion of proliferation cancerous cells in the
metastasis of replacement growth and the propor-
tion of proliferated endothelial cells (but the
quantity is the smallest of the three) are three to
four times that of other growth patterns. The
apoptosis proportion of cancerous cells in the
pushing growth is the highest, and MVD is the
lowest. The curative effects of the replacement
growth in the anti-angiogenesis therapy are far
lower than those of metastasis of other growth
patterns.

4.2.4 The Final Formation Stage
of Liver Metastasis

When the cancerous cells in metastasis have
completed the above three steps, a liver metasta-
sis of intestinal cancer of clinical significance is
ultimately formed.

Regarding metastases, there exists a great het-
erogeneity between different individuals or
within the same tumor: tumor interstitium and
microvessel density and structure, hemodynamic
differences between the blood supplies by the
portal vein and hepatic arterial system, the het-
erogeneity of functions and phenotypes of tumor
infiltration lymphocytes, and the differences in
the growth and proliferation and gene expres-
sions of cancerous cells themselves.

Based on the hepatic microenvironment, some
scholars divide the whole process of intrahepatic
metastasis of intestinal cancer into three phases
(see Table 4.1) [49].

The contrasts between the surrounding liver
tissue of metastasis and the normal liver distant
from the metastasis have revealed that such
genetic expressions as ‘“‘extracellular matrix”,
“intercellular communication”, “activation of
astrocytes”, and “cell growth” of paracarcinoma
liver tissue are markedly upregulated, thus indi-
cating the cancer-causing function of paracarci-
noma hepatic microenvironment [50]. The
spectrum of specific gene expression originated
from paracarcinoma hepatic tissue or the intersti-
tial cells in the metastasis can predict metastasis
recurrence and patients’ survivals after metasta-
sis resection.
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Table 4.1 The staging of liver metastasis based on hepatic microenvironment

Stage [

Stage 11

Stage 111

Magnitude

<300 pm; undetectable

0.3-0.5 mm; a few are
detectable

>5 mm; detectable

Clinical significance

Subclinical metastasis

Produce certain effects on
focal liver

Produce systemic effects and
may give rise to extrahepatic
spread

Location and status

Confined within the hepatic
lobule, free of angiogenesis,
or only small amount of
microvessel formations

It occupies the whole
hepatic lobule and grows
outward, with obvious
angiogenesis

Clinically visible metastasis
has been formed

Relation with liver
cells?

Have not recruited vascular
and interstitial components

Recruited liver cells and
formed the mesenchyme
and blood vessels of
metastatic tumor

Affected by two aspects, the
liver cells of normal liver
beside the cancer and the liver
cells infiltrated in the cancer

Effects on the liver

Only affect the liver cells in
the colonized location

Jointly developing with
the liver cells recruited
into the cancerous focus

Affect normal hepatic tissue
and structure, blood supply,
and parenchymal molecular
metabolism

Utilizable targets

Proinflammatory cytokines,
immunosuppressive factor,
stimulating factors of

Angiogenic factors,
myelomonaytic growth
factor (CMGF)

Tumor growth promotion
factors, immunosuppressive
factors

fibroblasts, oxidative
stress-induced factors

aHere “ liver cells” include liver parenchymal cells and interstitial cells

4.3 Problems and Outlook
4.3.1 The Value
of Microenvironment

in Tumor Prevention and Cure

Tumor microenvironment plays an important role
in tumor progression, tumor interstitium as anti-
tumor target has obvious advantages, and if the
interstitial cells are non-transformation cells,
compared with tumor cells, their genome is rela-
tively stable and they have a small chance of
antigen loss and therapeutic tolerance; interstitial
cells have little differences on different tumors,
and therapy targeting at tumor interstitium can be
used on various kinds of solid tumors on a wide
spectrum.

The value of prevention is far greater than that
of therapy. Various kinds of cells (macrophages,
endothelial cells, fibroblasts, etc.) in the tumor
microenvironment are all effective targets that
can be prevented. First, the impacts on various
kinds of anti-inflammatory treatments on TAM

and TAN are quite obvious, for they are the main
source of inflammatory mediators. Secondly, for
the T lymphocytes of microenvironment, the
mouse model has proven that the key molecules
SMAD that selectively knock the TGF-f signal-
ing pathways in T lymphocytes can lead to the
defuse malignancy of the whole digestive tract;
however, the mere selective knockout of the
SMAD in the epithelial cells has no such effect
[51]; at the early stage of the occurrence of
human digestive tract tumor, it is also possible to
detect the loss of TGF-P signaling pathways;
drugs that can restore or strengthen the TGF-f
signaling pathways mediated by SMAD can
enhance the expression of downstream products
(such as plasminogen activator inhibitor-1,
TGFpPR2) and inhibit the malignant transforma-
tion of canceration, indicating the prevention
application value of the T lymphocytes of micro-
environment [52]. In addition, various kinds of
small molecule substances in the microenviron-
ment, corresponding signaling pathway genes,
and the formation of tumor vessels can all be
taken as targets of prevention. Among them, the



54

representative ones include the drugs that recon-
struct the immune microenvironment with the
relevant factors of antagonistic immune toler-
ance, such as small molecule substances of the
major molecular mechanisms tolerant to micro-
environment indoleamine 2, 3-dioxygenase
(IDO), Arg, arginase I, inducible nitric oxide syn-
thase (iNOS), and JAK-STAT signaling path-
ways. These drugs can activate the DC in patients,
myeloid-derived suppressor cells (MDSCs), and
CTL, recruit them in large amounts to the local
microenvironment, and simultaneously block the
cell-regulating functions of TAM and TAN [53].

The spontaneous treatment of microenvi-
ronment during the treatment of cancerous
cells has become two undividable aspects of
microenvironment treatment. After the plantation
of cancerous cells with high invasion and metas-
tasis potentials into the embryonic microenvi-
ronment, not only the cancerous cells manifest
relatively better differentiation characteristics,
even similar to the corresponding cells derived
from normal sources, but also the capacity of
nodule formation and invasion and metastasis
is substantially reduced, indicating the shaping
role of normal embryonic microenvironment
on cancerous cells and its potential application
value [41]. The balance between promoting and
anti-angiogenic factors in the microenviron-
ment makes the angiogenesis abnormal, and
vessel structures tend to become normalized,
thus correcting the abnormal metabolic state of
microenvironment (pH values, gap pressure, and
hypoxia) and restoring the sensitivity to chemo-
radiotherapy, etc. Research has indicated there
exists an instantaneous “normalization window”
in the angiogenesis therapy based on VEGFR2
antibodies, and the curative effects of com-
bination therapies during this window are far
greater than those of combination therapies of
non-window period, indicating the importance
of prolonging the vascular “normalization win-
dow” period and time selection in combination
therapies [54]. The hindrance of tumor intersti-
tium is considered as one of the reasons for the
poor curative effects of antitumor immunity.
Promoting the release of stromal antigens using
such means as chemoradiotherapy, thus inducing
the CTL reactions regarding the stromal antigen,
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or killing the interstitial cells with cross-presen-
tation of tumor antigens, or stimulating the dou-
ble immune responses from both antitumor and
interstitial resistant cells, will be more conducive
to the elimination of tumors and prevention of
tumor recurrence [55].

4.3.2 Several Notable Aspects

Although tumor microenvironment is condu-
cive to tumor progression, there still exists a
certain balance relationship between the tumor
suppressor factors and promoting factors in the
microenvironment. Matrix degradation enzymes
play an active role in the process of the forma-
tion and invasion and metastasis of blood vessels,
but the endostatin, angiostatin, and tumstatin as
the degradation products of MMPs are the main
endogenous vascular resultants; therefore the
experimental and clinical wide-spectrum MMPs
have limited curative effects. Therefore, the devel-
opment of specific inhibitors and the selections of
specific patients and appropriate therapeutic tar-
gets (whether inhibiting the cellular functions or
killing the cells) must be considered regarding the
treatment of tumor microenvironment.

Selecting appropriate therapeutic targets and
promoting the normalization of the abnormal
tumor microenvironment are usually more effec-
tive. Excessive formation of tumor-inhibiting
vessels can not only correct the abnormal angio-
genesis but can also induce the tumors’ resistance
to angiogenesis and worsen the abnormalities of
local vascular structure, thus worsening such
metabolic disturbances as hypoxic microenviron-
ment and uneven distribution of nutrients and the
increase of the tumor cells’ tolerance to chemora-
diotherapy and capacity of invasion and metasta-
sis. If it is dedicated to restoring the vascular
structure of the tumor microenvironment and
thus bringing about sufficient and evenly distrib-
uted oxygen and nutrient supply, it will not only
give growing advantages to tumor cells with
weaker tolerance to such adverse conditions as
hypoxia and lower malignant biological charac-
teristics, thus competitively inhibiting cancerous
cells with relatively higher malignancies, but also
is more beneficial for follow-up or simultaneous
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therapy focused on the tumor’s invasion and
metastasis, which is successively or simultane-
ously conducted, to play its role [56].

Although combination therapy is superior to
monotherapy, if the design of combined applica-
tion is inappropriate, on the contrary it will have
exactly opposite effects. The dedication to immu-
nologic tolerance of antagonistic microenviron-
ment and reconstruction of the regulatory means
conducive to antitumor immunity microenviron-
ment, if rationally combining such traditional
antitumor therapies as chemoradiotherapy, can
play the synergistic and additive effects.
Regarding radiotherapy, radiotherapy can pro-
mote the microenvironment’s function of anti-
gen-presenting cells and induce the T-cell
infiltration, yet at present, for such reasons as the
reduction of toxicity, clinically fractionated
radiotherapies are more commonly adopted, so
what kind of effects this will bring on the immune
response induced by the first local irradiation and
whether the radiotherapy interval or one-time
large-intensity local irradiation must be consid-
ered in the combined reconstruction of local
immune microenvironment.

In addition, the study of tumor microenviron-
ment must have good models. In the embryonic
microenvironment models utilizing zebrafish
embryos and chicken embryos, it is found that
normal embryonic microenvironment has rever-
sal effect on the malignant characteristics of can-
cerous cells, the total control mechanism of
embryonic stem cells, and highly malignant
tumor cells and their potential application values.
The development of the economical and efficient
models applicable to different research objectives
and maximally simulating the in vivo microenvi-
ronment will greatly enhance the development of
tumor microenvironment study.

4.3.3 Hepatic Microenvironment
and the Prevention of Liver
Metastasis of Intestinal
Cancer

Hepatic microenvironment plays an important
role in the hepatic directional metastasis of intesti-
nal cancer; the normal anatomical characteristic
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wherein blood flows into the liver from the intes-
tines via the portal vein is unchangeable, and the
spontaneously discovered intestinal cancer and
liver metastasis are also irreversible. However, for
those who are not subject to liver metastasis, we
can alter the hepatic microenvironment so as to
prevent the occurrence of liver metastasis of intes-
tinal cancer, or halt the reactivation of the intestinal
cancerous cells that have been colonized and in
dormant state, or prevent the post-metastasectomy
relapse. The sinusoidal endothelial cells of hepatic
microenvironment, astrocytes, immune and
inflammatory cells, and hepatic parenchymal cells
are all targets that can be tried. Specific chemo-
kines and their receptors, such as CCR6 and
CCL20 axis, as well as the newly discovered
CCL2 [57], are also very good targets.

Currently, a new hypothesis, “pre-metastatic
niche,” holds that before the tumor cells arrive
at the target organs, they will release several
factors to activate hematopoietic progenitor
cells (HPCs), and these cells will reach the tar-
get organs before the tumor cells, creating a
microenvironment there that is suitable for the
survival and proliferation of metastatic tumor
cells so as to receive the arrival of tumor cells.
The significance of this hypothesis for the liver
metastasis of intestinal cancer may lie in the fact
that the synergy of HPC and hepatic microenvi-
ronment promotes the occurrence of liver metas-
tasis, and it also provides new challenges and
opportunities to therapies targeting at hepatic
microenvironment.

References

1. Bross IDJ, Blumenson LE. Metastatic sites that pro-
duce generalized cancer: identification and kinetics of
generalizing sites. In: Fundamental aspects of metas-
tasis. 1976. p. 359-75.

2. Sugarbaker EV. Patterns of metastasis in human
malignancies. Cancer Biol Rev. 1981;2:235-78.

3. Wyckoff J, Wang W, Lin EY, et al. A paracrine loop
between tumor cells and macrophages is required for
tumor cell migration in mammary tumors. Cancer
Res. 2004;64:7022-9.

4. Bindra RS, Glazer PM. Genetic instability and the
tumor microenvironment: towards the concept of
microenvironment-induced mutagenesis. Mutat Res.
2005;569:75-85.



56

J.Fanand Q. Gao

10.

11.

14.

15.

16.

18.

20.

. Tse JC, Kalluri R. Mechanisms of metastasis: epithelial-
to-mesenchymal transition and contribution of tumor
microenvironment. J Cell Biochem. 2007;101:816-29.

. Parekh K, Ramachandran S, Cooper J, et al.
Tenascin-C, over expressed in lung cancer down regu-
lates effector functions of tumor infiltrating lympho-
cytes. Lung Cancer. 2005;47:17-29.

. Zhang T, Sun HC, Xu Y, et al. Overexpression of
platelet-derived growth factor receptor alpha in endo-
thelial cells of hepatocellular carcinoma associated
with high metastatic potential. Clin Cancer Res.
2005;11:8557-63.

. Zeng Q, Li S, Chepeha DB, et al. Crosstalk between
tumor and endothelial cells promotes tumor angio-
genesis by MAPK activation of Notch signaling.
Cancer Cell. 2005;8:13-23.

. Bagley RG, Weber W, Rouleau C, et al. Pericytes and

endothelial precursor cells: cellular interactions and

contributions to malignancy. Cancer Res. 2005;65:

9741-50.

Condeelis J, Pollard JW. Macrophages: obligate part-

ners for tumor cell migration, invasion, and metasta-

sis. Cell. 2006;124:263-6.

Sato E, Olson SH, Ahn J, et al. Intraepithelial CD8+

tumor-infiltrating lymphocytes and a high CD8+/reg-

ulatory T cell ratio are associated with favorable prog-

nosis in ovarian cancer. Proc Natl Acad Sci U S A.

2005;102:18538-43.

. Lu LF, Lind EF, Gondek DC, et al. Mast cells are
essential intermediaries in regulatory T-cell tolerance.
Nature. 2006;442:997-1002.

. Queen MM, Ryan RE, Holzer RG, et al. Breast cancer

cells stimulate neutrophils to produce oncostatin M:

potential implications for tumor progression. Cancer

Res. 2005;65:8896-904.

Kukreja A, Hutchinson A, Dhodapkar K, et al.

Enhancement of clonogenicity of human multiple

myeloma by dendritic cells. J Exp Med. 2006;203:

1859-65.

de Visser KE, Korets LV, Coussens LM. De novo car-

cinogenesis promoted by chronic inflammation is B

lymphocyte dependent. Cancer Cell. 2005;7:411-23.

Dong HP, Elstrand MB, Holth A, et al. NK- and B-cell

infiltration correlates with worse outcome in meta-

static ovarian carcinoma. Am J Clin Pathol.
2006;125:451-8.

. Nishikawa H, Kato T, Tawara I, et al. Accelerated

chemically induced tumor development mediated by

CD4+CD25+ regulatory T cells in wild-type hosts.

Proc Natl Acad Sci U S A. 2005;102:9253-7.

Hiraoka N, Onozato K, Kosuge T, et al. Prevalence of

FOXP3+ regulatory T cells increases during the pro-

gression of pancreatic ductal adenocarcinoma and its

premalignant lesions. Clin Cancer Res. 2006;12:

5423-34.

. Liu C, Gao S, Qu Z, et al. Tumor microenvironment:

hypoxia and buffer capacity for immunotherapy. Med

Hypotheses. 2007;69:590.

Roberts SJ, Ng BY, Filler RB, et al. Characterizing

tumor-promoting T cells in chemically induced cuta-

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

neous carcinogenesis. Proc Natl Acad Sci U S A.
2007;104:6770-5.

Salama P, Phillips M, Grieu F, et al. Tumor-infiltrating
FOXP3+ T regulatory cells show strong prognostic
significance in colorectal cancer. J Clin Oncol.
2009;27:186-92.

Galon J, Costes A, Sanchez-Cabo F, et al. Type, den-
sity, and location of immune cells within human
colorectal tumors predict clinical outcome. Science.
2006;313:1960-4.

Galon J, Fridman WH, Pages F. The adaptive immu-
nologic microenvironment in colorectal cancer: a
novel perspective. Cancer Res. 2007;67:1883-6.
Budhu A, Forgues M, Ye QH, et al. Prediction of
venous metastases, recurrence, and prognosis in hepa-
tocellular carcinoma based on a unique immune
response signature of the liver microenvironment.
Cancer Cell. 2006;10:99-111.

Samoszuk M, Kanakubo E, Chan JK. Degranulating
mast cells in fibrotic regions of human tumors and
evidence that mast cell heparin interferes with the
growth of tumor cells through a mechanism involving
fibroblasts. BMC Cancer. 2005;5:121.

Overall CM, Kleifeld O. Tumour microenvironment —
opinion: validating matrix metalloproteinases as drug
targets and anti-targets for cancer therapy. Nat Rev
Cancer. 2006;6:227-39.

Giannelli G, Fransvea E, Marinosci F, et al.
Transforming growth factor-betal triggers hepatocel-
lular carcinoma invasiveness via alpha3betal integrin.
Am J Pathol. 2002;161:183-93.

Burger JA, Kipps TJ. CXCR4: a key receptor in the
crosstalk between tumor cells and their microenviron-
ment. Blood. 2006;107:1761-7.

van Deventer HW, Serody JS, McKinnon KP, et al.
Transfection of macrophage inflammatory protein 1
alpha into B16 F10 melanoma cells inhibits growth of
pulmonary metastases but not subcutaneous tumors.
J Immunol. 2002;169:1634-9.

Sparmann A, Bar-Sagi D. Ras-induced interleukin-8
expression plays a critical role in tumor growth and
angiogenesis. Cancer Cell. 2004;6:447-58.

Wu X, Fan J, Wang X, et al. Downregulation of CCR1
inhibits human hepatocellular carcinoma cell inva-
sion. Biochem Biophys Res Commun. 2007;355:
866-71.

Sun B, Zhang S, Zhang D, et al. Vasculogenic
mimicry is associated with high tumor grade, inva-
sion and metastasis, and short survival in patients
with hepatocellular carcinoma. Oncol Rep. 2006;16:
693-8.

Franchi A, Gallo O, Massi D, et al. Tumor lymphan-
giogenesis in head and neck squamous cell carci-
noma: a morphometric study with clinical correlations.
Cancer. 2004;101:973-8.

Mylona E, Alexandrou P, Mpakali A, et al.
Clinicopathological and prognostic significance of
vascular endothelial growth factors (VEGF)-C and -D
and VEGF receptor 3 in invasive breast carcinoma.
Eur J Surg Oncol. 2007;33:294-300.



Metastatic Liver Cancer and Microenvironment

57

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Schoppmann SF, Bayer G, Aumayr K, et al. Prognostic
value of lymphangiogenesis and lymphovascular
invasion in invasive breast cancer. Ann Surg. 2004;
240:306-12.

Chaudary N, Hill RP. Hypoxia and metastasis. Clin
Cancer Res. 2007;13:1947-9.

Gatenby RA, Gawlinski ET. The glycolytic pheno-
type in carcinogenesis and tumor invasion: insights
through mathematical models. Cancer Res. 2003;63:
3847-54.

Yu H, Kortylewski M, Pardoll D. Crosstalk between
cancer and immune cells: role of STAT3 in the tumour
microenvironment. Nat Rev Immunol. 2007;7:41-51.
Gamero AM, Young HA, Wiltrout RH. Inactivation of
Stat3 in tumor cells: releasing a brake on immune
responses against cancer? Cancer Cell. 2004;5:
111-2.

Yahata Y, Shirakata Y, Tokumaru S, et al. Nuclear
translocation of phosphorylated STAT3 is essential
for vascular endothelial growth factor-induced human
dermal microvascular endothelial cell migration and
tube formation. J Biol Chem. 2003;278:40026-31.
Topczewska JM, Postovit LM, Margaryan NV, et al.
Embryonic and tumorigenic pathways converge via
Nodal signaling: role in melanoma aggressiveness.
Nat Med. 2006;12:925-32.

Ayala G, Tuxhorn JA, Wheeler TM, et al. Reactive
stroma as a predictor of biochemical-free recurrence
in prostate cancer. Clin Cancer Res. 2003;9:
4792-801.

Hill R, Song Y, Cardiff RD, et al. Selective evolution
of stromal mesenchyme with p53 loss in response to
epithelial tumorigenesis. Cell. 2005;123:1001-11.
Kim R, Emi M, Tanabe K, et al. Tumor-driven evolu-
tion of immunosuppressive networks during malig-
nant progression. Cancer Res. 2006;66:5527-36.
Vidal-Vanaclocha F, Mendoza L, Telleria N, et al.
Clinical and experimental approaches to the patho-
physiology of interleukin-18 in cancer progression.
Cancer Metastasis Rev. 2006;25:417-34.

Rappaport AM. The microcirculatory hepatic unit.
Microvasc Res. 1973;6:212.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

Ghadjar P, Coupland SE, Na I-K, et al. Chemokine
receptor CCR6 expression level and liver metastases
in colorectal cancer. J Clin Oncol. 2006;24:1910-6.
Vermeulen PB, Colpaert C, Salgado R, et al. Liver
metastases from colorectal adenocarcinomas grow in
three patterns with different angiogenesis and desmo-
plasia. J Pathol. 2001;195:336-42.

Vidal-Vanaclocha F. The prometastatic microenviron-
ment of the liver. Cancer Microenviron. 2008;1:113-29.
Obul Reddy B, Martina G, Dennis K, et al. Global
analysis of host tissue gene expression in the invasive
front of colorectal liver metastases. Int J Cancer.
2006;118:74-89.

Kim BG, Li C, Qiao W, et al. Smad4 signalling in T
cells is required for suppression of gastrointestinal
cancer. Nature. 2006;441:1015-9.

Suh N, Roberts AB, Birkey Reffey S, et al. Synthetic
triterpenoids enhance transforming growth factor
beta/Smad signaling. Cancer Res. 2003;63:
1371-6.

Muller AJ, Scherle PA. Targeting the mechanisms of
tumoral immune tolerance with small-molecule inhib-
itors. Nat Rev Cancer. 2006;6:613-25.

Winkler F, Kozin SV, Tong RT, et al. Kinetics of vas-
cular normalization by VEGFR2 blockade governs
brain tumor response to radiation: role of oxygenation,
angiopoietin-1, and matrix metalloproteinases.
Cancer Cell. 2004;6:553-63.

Yu P, Rowley DA, Fu YX, et al. The role of stroma in
immune recognition and destruction of well-
established solid tumors. Curr Opin Immunol. 2006;
18:226-31.

Bello L, Lucini V, Costa F, et al. Combinatorial
administration of molecules that simultaneously
inhibit angiogenesis and invasion leads to increased
therapeutic efficacy in mouse models of malignant
glioma. Clin Cancer Res. 2004;10:4527-37.

HuH, SunL, GuoC, etal. Tumor cell-microenvironment
interaction models coupled with clinical validation
reveal CCL2 and SNCG as two predictors of colorectal
cancer hepatic metastasis. Clin Cancer Res. 2009;
15:5485-93.



Screening and Identification
of Molecular Marker for Metastatic

Liver Cancer

Yinkun Liu, Chun Sun, and Binglin Chen

Metastatic liver cancer, also called as secondary
liver cancer, refers to the tumor transferred from
other parts of the body to the liver through portal
vein, hepatic artery, or lymph. The metastatic liver
cancer is generally from the lung, mammary
gland, colon, pancreas, and stomach as well as
leukemia and other hemocyte cancer. It is said
that the stomach cancer, pancreatic cancer, and
colon cancer could be transferred to the liver
through the portal vein, while the breast cancer
and lung cancer could be transferred to the liver
through hepatic artery. Generally speaking, the
metastatic liver cancer is free from HBV infec-
tion, hepatitis, and hepatocirrhosis. Here, AFP is
normal, but CEA is raised. As per CT detection,
various focal nodiules are found inside the liver.
They may suffer from necrobiosis, cystic degen-
eration, bleeding, or calcification. Generally, the
metastatic liver cancer is not merged with the por-
tal vein cancer embolus, so that no well-defined
symptoms are found at the early phase. In case the
symptoms occur, the pathological changes are
obvious. At the early phase, it mainly reflects the
symptom of primary tumor. However, the symp-
tom of metastatic liver cancer is not obvious. It is
mostly found before the primary carcinoma oper-
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ation, during the follow-up survey after the pri-
mary carcinoma operation or exploratory
laparotomy. With the disease development, the
symptom of metastatic liver cancer gradually
appears with the enlargement of tumor. Also, for a
minority of patients (mainly transferred from
stomach and pancreas), the symptom of meta-
static liver cancer is obvious. So, the symptom of
metastatic liver cancer is found before the occur-
rence of primary carcinoma. However the symp-
tom of protopathic tumor is not obvious.

As one of the common cancers in China, the
primary liver cancer refers to the cancer swelling
from liver cells or intrahepatic duct cells.
According to the epidemic disease data for high-
risk population, the sick rate hereof is the highest
for the population at the age of 35-45, earlier
than the age of previously defined high-risk pop-
ulation. When the primary liver cancer is found,
80% thereof are at the middle or later period.
Also, as the liver cancer is treated, the rate of
recurrence and transform reaches 60 %.
Therefore, the rate of death is very high. For the
primary liver cancer patients, the positive rate of
hepatitis B virus (HBV) in the serum reaches
90 %. Meanwhile, 90 % of the primary liver can-
cer is hepatocellular carcinoma and always goes
along with the hepatocirrhosis and abnormality
of liver function. The symptoms are unable to be
found at the early phase of primary liver cancer.
In terms of pathology, the primary liver cancer is
generally divided into massive type, nodular
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type, and diffuse type. In terms of histology, it is
divided into hepatocellular carcinoma, cholan-
giocarcinoma, and mixed cancer.

This chapter mainly covers the classification
and definition of metastatic tumor molecular
marker as well as the establishing and optimizing
of related polymolecular diagnosis and predic-
tion system. Also, systematic summary is made
for the research on molecular marker of colon
and rectal cancer and hepatic metastasis thereof.

5.1 Metastatic Tumor Molecular
Marker
5.1.1 Definition of Tumor Molecular

Marker

Tumor molecular marker (TM) is the substance
produced from tumor tissue or reaction of the
organism to tumor. For example, as examined,
the molecular marker in the tumor-related micro-
environment of inflammation or immunity could
be adopted in the helper diagnosis of tumor, anal-
ysis of pathogenesis, treatment guidance, recur-
rence or transform monitoring, and prognosis.
For tumor-related research and clinical practice,
it is crucial to achieve the discovery, diagnosis,
interposition, and treatment at the early phase.
So, the tumor marker is provided with high use
value in such aspects as general survey, diagno-
sis, and prognosis of tumor as well as the treat-
ment evaluation and follow-up survey on the
high-risk population. Actually, the primary liver
cancer is similar to the secondary liver cancer or
metastatic liver cancer in terms of the basic bio-
nomics. In the target tissue, the focal nodes from
the primary tumor position are similar in terms of
pathology and clinical indices. However, no dif-
ference is found for the concept of tumor molecu-
lar marker.

5.1.1.1 Tumor Marker of Biochemistry

Tumor marker of biochemistry is mainly pro-
duced from the tumor cell and could secrete the
substance in the conduction cell. So, the quantita-
tive determination could be carried out via the
zero-defect analytic method. Here, serum or
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urine, tissue fluid, and thoracic and abdominal
fluid could be used as the specimen. The tumor
marker is approximately divided into five types:

1. Protein-related tumor marker: o-fetoprotein
(AFP), cancer embryo antigen (CEA), Bence-
Jones protein (BJP), and monoclonal protein

2. Carbohydrate antigen-related tumor marker:
antigen with CA such as CA 50, CA 125, CA
153, CA 199, and CA 242. Moreover, PSA
and SCC could be adopted

3. Ganglioside-related tumor marker: sialic acid
(SA)

4. Enzyme-related tumor marker: NSE, A2GT,
AKP, LDH, ACP, and glutathione transferase

5. Steroids-related tumor marker: chorionic
gonadotropin (HCG)

5.1.1.2 The Tumor Marker Could
Be Divided as per the Source,
Distribution, and Relationship
with the Tumor
1. Primary tumor-related substance such as the
enzymes quickly increased during cancerization
2. Ectopic tumor-related substance such as ecto-
pic hormone and NSE
3. Placenta- and embryo tumor-related substance
such as AFP and CEA
4. Viral tumor-related substance such as HTL-1
virus, thymus-derived cell leukemia, EB virus,
Burkitt tumor, hepatitis B virus, and liver cancer
5. Oncogene, tumor suppressor genes, and the
product thereof

5.1.1.3 Classification as per
the Purpose of Application

1. Tumor molecular marker: it reflects the exis-
tence of disease, i.e., diagnosis indices; for the
generalized concept, the tumor molecular
marker could not only judge the tumor but
also classify molecular marker of the tumor.

2. Molecular marker for tumor susceptivity: the
potential occurrence of tumor could be
detected, particularly, and the tumor patient
could be found from the high-risk population,
i.e., disease risk.

3. Molecular marker for tumor prediction:
related to the clinical progress and result of
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disease, so as to predict the occurrence of
tumor, clinical outcome and development of
tumor (prognosis), and recurrence and trans-
form of tumor.

The clinical diagnosis of cancer generally
relies on the iconography and several diagnosis
markers. Such markers include various cancer
cell antigens and carbohydrate antigens.
However, both sensitivity and specificity thereof
are not good enough. For instance, the sensitivity
of alpha-fetoprotein (AFP) is only 39-64 %, and
the specificity thereof is only 76-91% in the
diagnosis of hepatocellular carcinoma; the sensi-
tivity of CEA is less than 70 % in the diagnosis of
colon cancer; the sensitivity of CA 19-9 is less
than 60 % in the diagnosis of gastrointestinal can-
cer. It is more important that the divergence still
exists for definition of some markers’ critical
value. For example, as PSA is examined, the pre-
cision ratio of diagnosis is lower if the lower
critical value (4 pg/L) is chosen, while only the
patients at the late period are diagnosed if higher
critical value (10 pg/L) is chosen, so as to lose the
opportunity to treat at the early phase.

The single molecular marker-based disaggre-
gated model for cancer diagnosis still lacks the con-
vincing sensitivity and specificity. So, selection,
identification, and assessment of new cancer-related
tissue or serum molecular marker have become one
of the important parts of tumor research [1, 2].

In recent years, with the further research on
such preclinical medicine as immunology,
molecular biology, and biochemistry as well as
the development of detection technique and
methodology, the tumor marker has gradually
become the reliable index in the clinical diagno-
sis. The desirable tumor marker shall be provided
with the following features: strong specificity
and high sensitivity; also, the concentration
examining is related to the size of tumor and
phases, so that it could be used for curative effect
monitoring and prognosis judgment. Though the
current tumor markers are unable to reach 100 %
sensitivity and 100% specificity, the clinical
application of tumor marker becomes more and
more important thanks to the continuous improv-
ing of examination and evaluation procedures.

The cancer is a disease treated via multifactors
and multiple paths. Thus, the disease signaling
molecule shall be fully learned; also, the analysis
of bioinformatics shall be made available. Today
the establishing, verification and clinical applica-
tion of multi-molecular diagnosis model have
become the focal point in the research on tumor
molecular marker.

5.1.2 Method of Screening
the Tumor Molecular Marker

The development and progression of tumors is
considered as a multistep procedure with involve-
ment of multiple molecules. So, it is complicate to
select and identify the tumor molecular marker.
Here, it includes tumor cell line and tumor-bearing
laboratory animal; comparative study on human
tumor tissue, cancer-affected tissue, and normal
tissue; comparative study on fluid from tumor
patient and normal person (including blood, urine,
transudate, and ascites); high flux reactor; and
real-time research on meaningful tumor-related
molecular or “group study” (genome, transcrip-
tome, protein, or metabolism); thus, the molecular
marker with differential expression could be
screened out, and the probability of tumor molecu-
lar marker thereof could be further verified.

5.1.2.1 Genome and Transcriptome

Comparative Genome Hybridization (CGH)
There is genomic instability in a lot of tumors,
among which the chromosomal instability (CIN)
and microsatellite instability (MIN) are particu-
larly concerned [3-5].

As a molecular cytogenetics-related technique
developed since 1992, comparative genomic
hybridization (CGH) could examine the changes
of DNA copy number between two (or more)
genomes and position these abnormalities on the
special chromosome, so that it could be used in
the research on the growth of various tumors
classification of diagnosis and prognosis [6].
Here, the different types of fluorochrome are
used to mark DNA of tumor tissues and normal
cell or tissue via nick translation, so as to make
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the probe; also, hybridization is made with the
intermediate chromosome of normal person, so
that changes of DNA in the whole oncogene
could be displayed on the chromosome through
the difference between fluorescence intensity of
tumor and that of normal tissue. In addition, the
image analysis is used to conduct the quantitative
investigation on the change of chromosome copy
number. Therefore, there is no need to predict the
affected positions and the preparation of cell at
the middle period is avoided. So, it is suitable to
the research on periphery blood, cultured cell,
and tissue specimen as well as PCR increased
specimen. However, owing to the low-level DNA
augment and loss of small segment, the translo-
cation of chromosome is undetected or non-
detectable [7].

Array CGH could clone DNA or turn cDNAs
into the array, so as to substitute the metaphase
chromosome as the hybridization target. In this
case, the resolution is increased; also, the tumor-
related gene and precise positioning could be
ascertained. The rule thereof is similar to CGH,
i.e., DNA to be tested and contrast DNA with
equal quantity but different fluorescent labels
are hybridized with the array CGH from DNA
clone or cDNAs after repetitive sequence of
non-specific Cot-1 DNA. The change of copy
number of DNA to be tested on the relevant
series or gene could be reflected through the rate
between two fluorescent singles of each target
on the array [8-10].

Array CGH avoids the complex chromosome
structure, so that the crossbred target series are
only a short DNA segment with a minority of
gene. In this case, the change of DNA copy num-
ber could be detected. However, the traditional
CGH detection is impossible to detect the above
changes. Meanwhile, the increased or unavail-
able scope could be exactly positioned on one or
a couple of known genes on EST; both high sen-
sitivity and accuracy are realized. In addition, the
automation and routinization could be achieved
simultaneously [11, 12]. For example, the US
Vysis company offers genome research chip sys-
tem: array 300 which covers 278 gene probes
which are related to tumor, antepartum, and pre-
implantation, so that it could detect the change of
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1/2/3 copy number, micro-deficiency, and non-
euploidy of chromosome and unbalanced translo-
cation. Thus, the new prospect is made available
for the discovery of the related tumor molecular
marker, clarifying of occurrence and develop-
ment of tumor, genetic diagnosis, and individual-
ized treatment.

Multicolor-Fluorescence In Situ

Hybridization (mFISH)

FISH was created by Pinkel et al. [13] in 1986 on
the basis of radioactive hybridization in situ. The
fluorescently labeled nucleic acid probe is hybrid-
ized with the complementary nucleic acid inside
the cell, so as to examine the conditions, quantity,
and structure of the latter. As compared with the
traditional radioactive hybridization probe and
banding technique, FISH boasts higher specific-
ity and resolution.

mFISH is based on the associated mark probe
and proportional mark probe. With the associ-
ated mark technique, one probe could simultane-
ously adopt the half-antigen or fluorescein with
different colors to mark, so that the capacity of
mFISH is substantially increased. In principle,
the associated mark could be available for the
probe of 2n-1 (n is the number of hapten or fluo-
rescein) [14]. If the fluorescein with different
proportions is used to mark each probe, the
capacity of FISH with associated mark will be
further increased. Also, the quantitative analysis
[15] could be carried out. The joint application
of associated mark probe and proportional mark
probe further optimizes the probe mark and test-
ing result of mFISH.

In 1996, two study groups respectively used
different methods to realize the simultane-
ous display of 22 pairs of euchromosome and
two sex chromosomes through one hybridiza-
tion. Speicher et al. [16] combined CCD with
one group of filter lens to respectively mark
the micro-cut probe through augment of DOP-
PCR and five kinds of fluorochrome mixed
from different proportions. The spectral filter
series were used. Each type of spectral filter
only permits certain specific wavelength to
pass. So, the image of each marker chromo-
some position could be reflected through the
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change of different spectral filters. As treated
via the computer software, one mFISH chromo-
some karyogram is made available, so that 24
kinds of the human chromosome were all pro-
vided with different fluorescence colors; even
the long arm and short arm of single chromo-
some were respectively colored. Schrock et al.
[17] adopted spectral karyotyping (SKY) to
combine Fourier spectrography, CCD imag-
ing, and light microscope. Here, the specially
prepared illuminant could stimulate the emis-
sion spectra from each chromosome. Each pixel
element could be turned into three types of
spectral regions, i.e., red spectral region (650—
750 nm), green spectral region (550-650 nm),
and blue spectral region (475-550 nm), after
being changed by the interferometer and fourier
spectrography. Then the spectral regions could
be changed into the digital signals. As each
chromosome was comprehensively measured,
these digital signals could be converted into the
simulated color images which were assigned
to each chromosome, so as to sort out the dif-
ferent chromosomes. mFISH and SKY further
improve the assessment on cytogenetics of
pernicious disease through provision of more
karyotype and aberrant chromosome-related
data [18-20]. However, technique limitations
also occur. For example, the translocation,
inversion, and intrachromosomal aberration
inside the same chromosome are undetected.
The expensive experimental materials (probe),
experimental setup, and analytical software
are demanded. So, mFISH shall combine with
array CGH to bring the superiority thereof into
full play. For instance, mFISH is used to detect
the translocation and marker chromosome of
complex nucleus; CGH is used to detect the
unbalanced area, so that both deficiency dis-
covery and augment are made available to offer
better convenience to the research.

Gene Chip Technology

For the gene chip technology, a lot of molecular
identification probes (gene or gene segment) are
orderly fixed to the surface of the tiny solid-phase
supporters (silicon wafer, slide, nylon membrane
slice, and ceramic chip), so as to hybridize with

the target gene in the marked specimen as per the
principle of base pairing. Finally, the instrument
(laser focused fluorescent scanning instrument)
could be adopted to carry out the qualitative and
quantitative examining on the visualized signal
intensity speedily, simultaneously, and effi-
ciently. In this case, thousands upon thousands of
genetic expressions and coadjustment thereof
could be analyzed at the same time [21].

As per the components of probe, the gene chip
is mainly divided into two types: cDNA chip
(also called as cDNA array) and DNA chip (also
called as nucleotide chip or array). The former is
mainly used for gene expression analysis, and the
latter is used for gene expression spectrum analy-
sis or gene mutation and mononucleotide poly-
morphism (SNP) testing [22-24]. As per the
usage, the gene chip is also divided into expres-
sion spectrum chip, sequencing chip, diagnosing
chip, and fingerprint chip.

CDNA Chip Technology

CDNA chip technology was established by
Schena in Stanford University [22]. Here, as
enlarged by PCR, the special cDNA is directly
dotted on the chip through the manipulator, so
that it could be hatched with fluorescently labeled
mRNA from cell, tissue, or other biological sam-
ples. These transcripts will be hybridized with
complementary cDNA on the chip, so that based
on the analysis of signal intensity for hybridiza-
tion, the gene with differential expression could
be chosen (see the Fig. 5.1 as follows).

On the strength of cDNA chip technology,
the gene expression-related data could be suffi-
ciently obtained from time to time, so as to lay a
solid foundation on revealing the function of
these genes. On the other hand, the quantity of
mRNA could basically reflect the protein level
of current cell, so as to facilitate the effective
and systematic assessment on the protein con-
tent inside the cell.

Due to the above merits of cDNA chip, it is
widely used in the research on cell metabolism,
disease mechanism, drug screening, and active
mechanism. For the disease diagnosis, cDNA
chip is generally used in the classification of
cancer. For example, Alizadeh used cDNA chip
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with nearly 15,000 genes to classify the huge dif-
fusive B-cell lymphoma [25]. Also, Okabe
adopted cDNA chip with 23,040 genes to analyze
the primary liver cancer tissue and normal tissue,
so as to find out 165 upregulated genes and 170
downregulated genes. In addition, 19 genes with
change of expression were used to distinguish the
HBV-caused hepatocellular carcinoma and HCV-
infected hepatocellular carcinoma [26].

With the fast growth of proteomics, the tran-
scriptomics and proteomics are combined to
become the new method for seeking the molecu-
lar markers. For example, Seliger [27] adopted
c¢DNA chip and proteomics to search out annexin
A4, tubulin a-1A chain, and ubiquitin carboxyl-
terminal hydrolase L1, the candidate molecular
markers of kidney cell cancer.

SNP Chip Technology

SNP (single-nucleotide polymorphism): The tra-
ditional SNP shall be examined through gel elec-
trophoresis. The SNP chip technology introduces
the in situ synthesis of single nucleotide or micro-
printing to orderly fix a lot of DNA segments on
the surface of solid-phase supporter, so as to form
the probe array which is hybridized with the
labeled specimen. Here, the hybridized signals
are examined to realize the fast, effective, and
collateral polymorphic information analysis. The
chip technology platform includes microarray,
fiber film microdot, and sheet glass array chip of
which the density reaches hundreds or millions
of probes.

Balanced mix

Hybridized with
cDNA chip

Y. Liuetal.

Scanning

Common types:

1. As one of the methods adopted to examine
quantitative DNA, TagMan probe chip com-
bines the real-time examining with chip tech-
nology, so that not only the common
quantitative examining, sensitivity, and real-
time examining are merged together, but the
parallelized analysis under high flux reactor is
also considered. However, the PCR augment
synchronizes TagMan probe enzyme to cause
the increase of non-specificity signals. Thus, it
shall be further studied to demonstrate
whether such technique is suitable to the SNP
chip with low and middle densities.

2. Single-base extension (SBE) is mainly used
for research and development of low-density
chip as well as the accurate screening of ran-
domly chosen SNP positions [28, 29]. For
another single-base extension technique, the
extension marker reaction is completed, and
the specific type of allele is tested as per the
level of matching. As compared with SNP
stream, SBE primer design only demands one
type of fluorescent light. Thus, examining on
abrupt change of SNPs is not limited.

3. Ligation-rolling circle amplification (L-RCA)-
based low-flux reactor chip: padlock probe
cyclization of T4 joining enzyme or thermal
arrest joining enzyme medium as well as point
mutation of sensitive and differential DNA
series. The circular probe series could be
hybridized for distinguishing after rolling cir-
cle augment and enzymes. Design of L-RCA
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and complexity of gene order may affect the
flux reactor, so that the classification of chip
with high flux reactor is unable to be met.

4. High flux reactor chip with Golden Gate TM:
Golden Gate TM achieves the highest-flux
reactor for current preparation of SNP chip, so
as to reach one million. However, it only
demands 250 ng for the genome. This multi-
ple inspection level could meet the demands
for gene classification testing as far as possi-
ble. Thus, the precision ratio of gene classifi-
cation could reach 96.64 %. However, such
technique is only suitable to the SNP examin-
ing under two condition changes. Only 60 %
of SNP could be detected [30, 31]. For the
full-genome scanning, this technique could
detect SNP label. The content of genetic infor-
mation is more than that of the GeneChip
Human Mapping 100 K Array chip.

With the fast growth of SNP chip technology
in massive parallelism, high flux reactor, minia-
turization, and automation, this technique could
be used to search the new SNP positions and real-
ize the pinpointing of SNP positions in genome.
The large-scale SNP classification shall be sup-
ported by the accurate and reliable test method.
However, the research and development of SNP
chip technology could be the important method
for molecular diagnosis, clinical examination,
clinical treatment, and new drug development in
the future [32]. The development of SNP chip
and gene polymorphism research hereof has not
only improved the individualized medical detec-
tion technique but also provided the diagnosis
basis for the use of individualized medicine, so as
to facilitate the growth of small-sized diagnosing
market [33].

DNA Methylation Test Method

DNA Methylation Chip

As one of the most common changes of epi-
genetics, DNA methylation is crucial to the nor-
mal cell development and texture stability. It
shows that the methylation in the promoter or the
first exon-extron CpG causes the deactivation of
gene expression.

The examining methods for methylation
marker are mainly divided into two types: exami-
nation after chemical modification and examina-
tion after modification of methylation-sensitive
restriction enzymes. The first examining method
was created by Frommer [34]. Based on the for-
mer one, Gitan [35] developed methylation-
specific oligonucleotide microarray, i.e., MSO
microarray. For MSO, a pair of probe series with
GC (AC) shall be designed to respectively iden-
tify the methylation and non-methylation probe
series, which then are fixed on the supporter. The
targeted segment is treated with bisulfite; the
non-methylation cytosine is changed to uracil.
When methylation is unchanged, PCR augment
is conducted. The 3'-end of product shall be pro-
vided with fluorescein label and then hybridized
with the probe. As the fluorescence intensity after
hybridization is tested, the level of methylation in
the series to be tested shall be judged. This
method is one of the commonly used DNA meth-
ylation chips. As per this method, the detailed
research has been conducted for the promoter
area of such genes as estrogen receptor (ER),
pl6, and adenomatous polyposis coli (APC) [36,
37]. However, MSO is unable to obtain the data
concerning each CpG position. Also, the criss-
crossing may occur in the probe. As a result, the
false-positive rate is high. So, the comparison
shall be established.

Examination after modification of
methylation-sensitive  restriction  enzymes
includes differential methylation hybridization
(DMH), methylation-sensitive arbitrarily primed
PCR (MS-AP-PCR), methylated CpG island
amplification (MCA), and restriction landmark
genomic scanning (RLGS). DMH is used in the
differential methylation hybridization of the
entire genome as well as the differential methyl-
ating pedigree between cancer tissue and normal
structure. It is similar to mRNA expression spec-
trum or cDNA array. So, it belongs to CpG island
array. Cross et al. [38] created the affinity sub-
strate with methylating CpG binding domain, so
as to separate CpG island series from the human
genome DNA. Mse I enzyme identifies TTAA
position. Here, genome DNA enzyme could be
cut into the segments of which the size is less
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than 200 bp, while the area enriched with CpG
islands is not cut. Then, as both ends of enzyme
segment are connected with the joint, the endoen-
zyme with sensitive methylation such as BstU I,
Hpa II, and Hha I DNA segments could be used.
DNA segment with methylation is not cut due to
the protection of methylation so as to achieve the
joint-PCR augment; however, the segment with-
out methylation is unable to be enlarged.
Afterwards, the fluorescence labeling, hybridiza-
tion, image, and data handling procedure are
exactly similar to those of expression spectrum
chip [39]. This method is simple but effective, so
that it could be used to discriminate the tumor.
Currently, DMH has been successfully used in
examining the methylation spectrum of oopho-
roma. However, the popularization of this tech-
nique is restricted owning to the finiteness of
enzyme location and specialty of instrument.
The different methylation spectra reflect the
different phases or types of tumor. High methyla-
tion position of CpG islands is related to the
occurrence of tumor. Therefore, it could be
deemed as the unique marker for special tumor
haplotype. Currently, it is widely used in the
examining of various tumors such as non-
Hodgkin’s lymphoma, lung cancer, and oopho-
roma. Also, high flux reactor screening of
methylation could detect the abnormal gene
expression mode of such diseases as malignant
tumor. Thus, it is helpful to ascertain the tumor
formation mechanism, so as to provide the effec-
tive monitoring and prediction on non-
methylation drug reaction in chemotherapy.

Restriction Landmark Genome Scanning

(RLGS)

RLGS is a high flux reactor DNA methylation pars-
ing technique which combines MS-RE (methyla-
tion-sensitive restriction endonuclease) with the
two-dimensional gel electrophoresis [40]. The tech-
nical principle is based on the divergence of sensi-
tivity on CpG position with or without methylation
during the application of restriction enzyme. The
sequence information is not demanded ahead of
time. So, it is suitable to the examination on thou-
sands of CpG islands within the entire genome, so
as to seek the methylation gene of new CpG islands.

Y. Liuetal.

Here, the sensitive restriction enzyme with
methylation could be used to learn about the
methylation condition of entire gene. Also,
GC-rich restriction enzyme could be used to
obtain a plurality of landmarks on CpG islands
near the promoter. However, the shortcoming
is that due to the restriction enzyme, the posi-
tion of examining is limited by that of restric-
tion enzyme; also, the insufficient restriction
enzyme could produce false positive. In addi-
tion, the deactivation of tumor suppressor
genes due to methylation of promoter CpG
islands is closely related to the occurrence of
tumor, so that it is important to learn the
changes of methylation of tumor suppressor
gene CpG islands [2].

Procedures of RLGS [41-44]: Specimen
DNA is digested through landmark enzyme
which is crucial to RLGS. In general, methyl-
sensitive Not I (GCJGGCCGC) or Asc 1
(GG|CGCGCCQ) is used due to low cutting rate
and at least two available CGP positions. After
cutting, the end is marked with 3?P-dCTP and
32P-dGTP. Also, digestion is conducted through
EcoRV (methyl insensitivity and cutting rate
are higher than that of Not I) to produce the
shorter Not I-Eco RV segment, which is
extended via 1D electrophoresis. Then the seg-
ment is digested within the gel via Mbo I, so as
to further produce the shorter Not I-Mbo I seg-
ment, which is extended in 2D electrophoresis.
Then RLGS map is made. Analysis of virtual
RLGS: for the organism with fully interpreted
genome, RLGS figure could be independently
simulated to make comparison with the real
RLGS to identify the stain (for details, see Ref.
[44]). As compared, the lost or subdued signal
points in the specimen mean CpG islands with
high methylation (excluding the loss of DNA).
To the contrary, the newly appeared or enhanced
signal points mean CpG islands with low meth-
ylation (excluding the DNA augment).

The potential application could include (1)
polymorphism screening and gene mapping
research, (2) mark gene research, (3) research
on gene structure and methylation of cancer tis-
sue and clone mouse, and (4) varietal appraisal
of crops.



5 Screening and Identification of Molecular Marker for Metastatic Liver Cancer

67

2l [o] [¢] [4

G12345|| G1234 || G1234

<]

L=]

Vi-RLGS
U g2 T
a g 1
3 4 4@
5
m g B3
2l L}
Virual-RLGS E % 02
3. 1. B3
2
e o B :
a
R R
- - - . 1 &
- o™ ]
= i 1 E
Real-RLGS [ » » . A
eal- 3 1. 3

Lo ]

Fig. 5.2 Comparison between simulated RLGS and real RLGS (Reprint from Nucleic Acids Res, Ref. [44])

Peripheral Blood DNA as Well as Related
Microsatellite DNA and Tumor-Specific

DNA (RNA)

Peripheral blood DNA, also called as free DNA,
plasma DNA, or serum DNA, is composed of
double-bond DNA, single-bond DNA, or the
mixture thereof. It exists by means of free DNA
and DNA-protein. The circulated DNA level in
the healthy human body is very low, accounting
for around 3.6-5.0 ng/ml which may be sourced
from death of cells. Most of DNA segments are
less than 180 bps [45]. The cytology research
shows that the above DNA segments are found
through the cultivation liquid which is induced
by the apoptotic cells, while most of DNA seg-
ments are more than 10,000 bps for the cultiva-
tion liquid induced by the necrobiosis. For the
tumor patients, the content of peripheral blood
DNA is always increased; also, the component
hereof is complicated. This is related to the phys-
iological parameters of pathology. It is said that
this may be caused by the death of tumor cells,
splitting of circulated tumor cell or focal transfer,
or DNA released by the tumor cell to peripheral
circulation such as shedding of protein on the
surface [46-48] (Fig. 5.2).

The common measuring method for peripheral
blood DNA includes the total content of periph-
eral blood DNA; category and content of tumor
metastasis-related microsatellite DNA and tumor-
specific DNA (RNA) and percentage thereof to
total content of DNA. Changes of above factors
often occur earlier than the tumor markers such as
AFP and CEA. Therefore, they are important to
the early tumor diagnosis, tumor metastasis after
operation, and curative effect assessment.
Gabriella et al. [49] tested DNA from 43 bottles of
healthy human plasma and 84 bottles of human
plasma from non-small-cell carcinoma of the lung
patients, so as to find out that the plasma DNA
concentration in the control group was 18 ng/ml,
while the plasma DNA of lung cancer patients at
Ia and Ib, respectively, reached 320 ng/ml and
344 ng/ml. According to the follow-up survey on
38 lung cancer patients with pneumonectomy, the
mean concentration of plasma DNA for 35
patients without recurrence was 34 ng/ml, while
for the three patients with increased plasma DNA
for 2-20 times after operation, two patients died
from hepatic metastasis after the operation and
one patient suffered from partial recurrence after
2 years. Oliver et al. [50] adopted real-time
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fluorescent quantization PCR to test plasma DNA
of 46 healthy humans and 185 patients with non-
small-cell carcinoma of the lungs before or after
chemotherapy, so as to find out that circulated
DNA concentration of patients with steady condi-
tions was decreased as compared with that before
treatment, while plasma DNA of patients with
exacerbation was increased. Chao et al. [51] con-
ducted dynamic monitoring on circulation of
plasma DNA of the cancer patient after chemo-
therapy to discover that the plasma DNA was tem-
porarily raised within 2 weeks after the beginning
of chemotherapy. Afterwards, plasma DNA was
under stabilized descent.

5.1.2.2 Proteomics

Good Separating of Complicated
Proteomics and Examining of Low-
Abundance Protein

Two-Dimensional Electrophoresis (2DE)-Based
Protein Expression Spectrum
The protein separating in 2DE includes the iso-
electrofocusing electrophoresis of which the pro-
tein mixture is separated as per the ups and downs
of isoelectric point along the first direction as
well as the SDS-PAGE electrophoresis of which
the protein mixture is separated as per the size of
molecular weight along the second direction.
2DE display method is used in gel staining
(Coomassie Brilliant Blue), metal reagent (silver
staining) or total protein staining, sugar protein,
or phosphorylated protein. Also, the protein
could be diverted to the membrane through
Western blot, so as to conduct the immunology
testing or other analysis. The currently used gel
scanning equipment is the density scanner, phos-
phor screen, or fluorescent scanner. Also, image
analysis software (Gel Image and PDQuest) is
used to conduct the analysis such as protein spot
searching, quantifying, background deduction,
and punctual matching. In this case, the protein
with differential expression could be discovered.
Difference in Gel Electrophoresis (DIGE)
[52]: On the basis of traditional two-dimensional
gel electrophoresis, the multi-fluorescence analy-
sis is combined to jointly separate a plurality of
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samples with different fluorescent labels. The
fluorophore used for labeling all belongs to the
same class with similar molecular structure; also,
the molecular weight thereof is the same and pro-
vided with positive charge, so that as reaction
with remained lysine of peptide chain, all the
samples could be transferred to the same posi-
tion, so as to substantially improve the accuracy,
dependability, and repeatability of the result. The
sensitivity of such method could compare with
that of silver staining and SYPRO Ruby. Here,
the protein of 100-200 pg could be observed.

Non-2DE-Based Protein Expression Spectrum

1. Two-dimensional liquid phase chromatogra-
phy and mass spectra (2DLC-MS) [53]: the
multidimension chromatographic resolution
could be used with the mass spectra to make
up for the display deficiency of two-
dimensional electrophoresis and mass spectra
to the protein with low abundance, hydropho-
bicity, alkalinity, and maximum and mini-
mum. Here, the mixed proteolysis is properly
under chromatographic separation. Then MS/
MS analysis is made for peptide segment so as
to realize the albumin evaluation (also called
Shotgun). So far, the most representative anal-
ysis is strong cation exchange (SCX)-reverse
phase (RP). The peptide segments are firstly
divided into groups on the SCX column as per
electrostatic interaction. Then, by means of
gradient, the components from SCX column
are directly sampled on the reversed-phase
column. According to the acting force of pep-
tide segment and hydrophobic interaction, the
above components are eluted by the mobile
phase from chromatographic column. Finally,
the mass-spectrometric detection is used to
test the peptide segment.

2. Surface-enhanced laser desorption ionization
time-of-flight mass spectrometry (SELDI-
TOF-MS) [54, 55] is composed of protein
chip, flight mass spectrum, and analytical
software. The protein chip is divided into
chemical surface and biological surface. Also,
the protein chip with chemical surface is
divided into lyophobic surface and water-
wetted surface, weak cation and strong anion



exchange surface, metal ion coupling surface,
and specific combination surface. The protein
chip with biological surface is divided into
antigen-antibody, reception  body-lagan,
DNA-protein, and enzyme. The chip with
chemical surface adopts fewer specimens and
could be directly used in the analysis on
serum, body fluid, and urine. So, it is easy for
automatic operation under high flux reactor to
evaluate well on the hydrophobic albumin
with low abundance. For the currently
appeared combination of ClinProt’s liquid
chip with mass spectrum, peptide series could
be detected directly.

. Labeling technique-based protein expression
spectrum: (i) isotope-coded affinity tags
(ICAT) [56] is based on the use of cold label-
ing reagent and unique analytical apparatus.
The structure of tagging reagent is the biotin
tag joint reactive group. Here, biotin tag is
designed to separate the peptide segment. The

5 Screening and Identification of Molecular Marker for Metastatic Liver Cancer 69

enzymolysis. Finally, MS analysis is used to
analyze the difference of the same peptide
segments in the different specimens. This
technique could improve the accuracy of
MALDI TOF/TOF mass spectrometer to
sequential analysis of peptide segment. (iii)
Isobaric tags for relative and absolute quanti-
zation (iTRAQ) [58]: the fundamental princi-
ple is the same as that of ICAT. However, the
adopted marker joint is made up of reporting
group (114-117), balancing group (31-28),
and amino acid reactive group. Here, the total
mass number is the same. Then, the different
protein specimens shall be marked. The pro-
portion of specific protein to each specimen
could be obtained after the composite speci-
men is analyzed by the mass spectrum. As per
the rule of analysis and difference of protein,
the protein with differential expression could
be made available for future research.

Protein Evaluation and Characteristic
Analysis Thereof
1. Western blot [59]

joint is divided into two types: tritium labeling
for joint in DS-ICAT and hydrogen (unla-
beled) for the joint in DO-ICAT. The reactive

group could be connected with SH of remained
cysteine in peptide segment. ICAT reagent
(D8 or DO) is reacted with the equal protein to
be analyzed, to achieve ICAT albumin which
is under proteolysis after equal blending to
achieve the mixture of peptide segment. As
purified by avidin column, the mixture of pep-
tide segment could form ICAT marked pep-
tide. Also, molecular weight and intensity
(D0/D8) of D8-ICAT and DO-ICAT peptide
could be analyzed by MS to arrive the differ-
ence of the same peptide segments in different
specimens. Moreover, MS-MS could be used
to conduct sequencing analysis on peptide
with differential expression. (ii) Amino acid-
coded mass tagging (AACT) [57] is also
called SILAC of which the fundamental prin-
ciple is the same as that of ICAT. The major
difference is that AACT is the cold tagged
amino acid in the cell culture group to be ana-
lyzed, i.e., based on biosynthetic method, the
synthetic protein could be provided with grade
tag. Then, the cells incubated by normal
amino acid are blended equally and under

Evaluation on proteinic expression: in
order to avoid the false positive of protein with
differential expression and increase the confi-
dence level of observed data, the protein shall
be transferred to the solid-phase supporter,
i.e., membrane (nitrocellulose filter or PVDF
membrane), for immunodetection, staining,
and other solid analysis as the SDS-PAGE is
over. The modifiable albumin such as sugar
protein could be tested through development
process, combined techniques of agglutinin,
and sugar protein fluoroscopic examination.
The testing level depends on the glycosyl level
of protein. In case of phosphorylated protein,
the antibody of serine phosphate, phos-
phothreonine, and phosphotyrosine could be
adopted for testing.

. Immunoprecipitation

It is based on antibody-antigen reac-
tion; the immunoprecipitation is divided into
immunoprecipitation, joint immunoprecipita-
tion, and tandem affinity purification (TAP).
The basic steps of joint immunoprecipitation
and immunoprecipitation are the same, but not
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the difference in the pretreatment. TAP could
be used in the purification of protein complex.
The principle thereof is that the gene (bait pro-
tein) is connected to two tagged genes to form
the fusion gene which stains saccharomycete
or mammal cell strain. Such fusion is under
quadratic chromato-purification with the cou-
pled albumin glue column which combined
with the tagged protein, so that research could
be conducted for the separation and purifica-
tion of protein complex under approximate
natural conditions as well as the succeeding
protein-to-protein interaction [60].

. Evaluation on protein functions

It is mainly based on genetic manipulation,
including gene compensation and gene dele-
tion. For the gene compensation, the expres-
sion vector of protein gene is constructed and
transferred, and then the gene expression con-
trol, cellular metabolism, and change of cell
behavior are observed; The gene was knocked
in to form the transgenic animal or organism
model, so as to learn about various changes of
transgenic borganism as a whole. The gene
deletion includes the application of antisense
nucleic acid, RNA interference (RNAi), RNA
enzyme, and single nucleotide bonded with
the gene promoter. At the transcriptional and
posttranscriptional levels, the gene expression
is “cancelled and reduced” or knockout is
used to produce the organism with gene
defect. Here, research is conducted on the
gene control, signal method, and metabolism
of cell and organism “cancelled and reduced.”

Research on Tumor Protein Molecule
Marker of Serum and Histiocyte

1.

The tumor serum marker is divided into two
types: one is the spontaneous antibody pro-
duced due to tumor antigen’s stimulation on
the immunity of organism, and the other is the
albumin tagged molecule which is derived
from the tumor and closely related to the
development of tumor. In view of these two
tumor serum markers with different proper-
ties, SERPA and two-dimensional gel
electrophoresis-mass-spectrometric technique
in proteomics could be respectively adopted to
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screen the tumor-related antibody and albu-

min in the serum.

1. Serum proteome analysis (SERPA)

It is a new technique formed via the
combination of proteomics with immunol-
ogy, so as to achieve the high flux reactor
screening and evaluation of tumor antigen
and antibody thereof [61, 62]. The funda-
mental principle of SERPA is that two-
dimensional gel electrophoresis is used to
separate the tumor tissue or total protein of
cell, which is under Western blotting. Then
it is hybridized with the sero-immunity of
tumor patients to realize the color render-
ing. In this case, the tumor antigen could
be ascertained when the reaction points on
the two-way gel are evaluated by the mass
spectrum. For this technique, there is no
need to create the expression library, so
that a lot of serum specimens of the patients
could be analyzed. Meanwhile, the fre-
quency of tumor antibody occurrence
could be calculated. It is more important
that the modificatory proteantigen after
translation could be found. Therefore,
since this technique is invented, it is imme-
diately used in the screening and judgment
of various tumor antigens for kidney can-
cer, lung cancer, and breast cancer [63, 64].
Le Naour [64] adopted this technique to
find that eight kinds of albumin are pro-
vided with the specific tumor antibody in
the serum of over 10% liver cancer
patients.

2. Two-dimensional gel electrophoresis-mass
spectroscopy of serum and tumor-related
albumin tagged molecule: the two-
dimensional gel electrophoresis-mass spec-
troscopy of serum faces a lot of difficulties.
Firstly, the abundance of albumin in the
serum could have the large divergence of
quantity degree of 10'2. For example, albu-
min and immunoglobulin could account for
60-97 % of total serum protein, while the
potential albumin acting as the disease-
related marker only accounts for less than
1% thereof [65, 66]. So, it is crucial to
remove the albumin with high abundance in



the serum, so as to conduct the two-dimen-
sional gel electrophoresis-mass spectros-
copy for the serum. The other difficulty of
two-dimensional gel electrophoresis-mass
spectroscopy of serum is that the big indi-
vidual variation exists among the serum
specimens. Therefore, the serum in the
same group could be firstly mixed to ensure
the dependability of difference among the
groups. Finally, Western blotting could be
adopted to further verify the screened albu-
min markers, so as to guarantee the reliabil-
ity of the result.

3. SELDI-TOF-MS: it is widely used in such
fields as tumor, new drug development,
infectious disease, and mental sickness. It
could refer to the research result of tumor
diagnosis from Lancet in 2002 and the
early diagnosis [67] jointly launched by
FDA and NCI on oophoroma. As com-
pared with the traditional CA 125 index
(positive predictor only accounts for
35%), a plurality of indices for protein
fingerprint reaches the sensitivity of
100 %, and positive predictor achieves
94 %. Now this method is already used in
small-cell carcinoma of the lung [68],
prostatic cancer [69], kidney cancer [70],
breast cancer [71], and neck tumor [72].
Currently, this technique has been intro-
duced into China, e.g., it is used in carci-
noma of urinary bladder [73], glioma,
pancreatic cancer, blood diseases, and
chronic liver diseases, including hepatitis,
hepatocirrhosis, liver cancer, and metasta-
sis and recurrence [74]. However, such
measurement has strict requirements for
the specimen. Also, the limitations exist
due to the instable system and subsequent
software analysis.

2. Selection of tumor biological marker via the

proteomics of cell and tissue

Comparative proteomics compares dynamic
variation and divergence of protein expression
at each stage of tumor tissue and normal tissue,
tumor tissue, and cancer peripheral tissue or
disease as well as specifies the modified condi-
tions, tissue distribution, tissue specificity, and
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testing sensitivity. Meanwhile, the review and
foreseeable research shall be substantially con-
ducted to test the probability of protein mole-
cule as the tumor marker. Also, the comparison
could be made with the serum proteomics.
Now HSP 27 is exemplified herein. Two-way
gel electrophoresis (2DE) is used o separate
the HCC tissue with metastasis and six HCC
tissue protein without metastasis. In addition,
16 albumin points with significant difference
could be tested, including S100 Ca-binding
protein (S100), HSP 27, and keratin 18 (CK
18). It is verified that the expression level of
HSP 27 is closely related to the latent energy
of liver cancer metastasis [75]. The research on
serum proteomics further verified that HSP 27
could be used as the potential liver cancer-
related biological marker [76].

In terms of medical service, the proteomics
could be helpful for the research on pathogen-
esis, early diagnosis, and treatment of human
diseases. Based on the comparison, the analy-
sis could be made on the differential expres-
sion of entire protein within the normal tissue
and abnormal histiocyte as well as the cell at
the different phases of disease. The evaluation
and quantitative analysis could be conducted
for the albumin with differential expression to
find out the new markers which are related to
the disease, so as to offer new methods and
basis for the human disease study. Also, the
target spot for oncotherapy could be made
available.

5.2  Polymolecular Classification
Model of Tumor Molecular
Marker

5.2.1 The Expression Difference
of Molecular Marker

According to the comparative study, the expres-
sion difference of gene, protein, or metabolite
could be obtained under different pathological
conditions, e.g., the molecular marker with
expression difference, which shall follow the
conditions below.
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5.2.1.1 Verification on the Expression
Difference of Molecular
Markers
RT-PCR or real-time PCR is used to study the
expression of mRNA through semiquantitative or
quantitative method, or Western blot or immuno-
histochemistry (including chip technology), and
immunofluorescence cytochemistry to study the
expression of protein level and verify the expres-
sion results of chip.

5.2.1.2 Bioinformatic Analysis

on Expression Difference

of Molecular Markers
Cluster analysis, PPI analysis, database-oriented
Meta-analysis or HTML-based aggregate analy-
sis is commonly used in the early diagnosis, pre-
diction and prognosis of potential biological
marker.

5.2.2 Methods for Ascertaining
the Tumor Biological Marker

Chip technologies of genome and transcriptomics
as well as mass-spectrometric technique of pro-
teomics and metabonomics are the commonly
used real-time test methods with high flux reac-
tor. Such test methods are core to the screening of
disease molecular markers. Here, the mass data
are sorted out through bioinformatic parsing
technique. The establishing of disease classifica-
tion model shall follow the steps: normalization
of data, selection of features and sorting algo-
rithm, and mathematical model testing.

5.2.2.1 Normalization of Data

The influencing factors such as “technique” and
“biology” may exist during the experiment. So,
the normalization of raw data shall be conducted
before the comparison of various observed data,
so as to reduce the difference among the
experiments.

For gene chip test, “housekeeping gene” is
always used as the control point, so that the pro-
portion of control point to sample point could be
adopted to reduce the error of “technique.” For
the error of “biology,” it could be optimized by
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the replicated experiment. For specific calcula-
tion, the normalization of gene chip data is
always realized through lowness. Afterwards,
SAM software (significant analysis of microar-
ray) is used to sort out the differential expression
of gene and conduct the cluster analysis thereof.

During the mass-spectrum test, the later pro-
cessing of data is relatively complicated. As the
peptidome-based  original  spectrogram  is
obtained, alignment of the spectra shall be firstly
conducted. Here, the intensity of the same peak
in the same sample shall be kept in line during
various measurements. Besides the built-in soft-
ware kit of commercialized software, the soft-
ware with more universality on the file format is
developed by some study team, so as to overcome
the compatible problems of analytical software
[77]. After the spectrogram is calibrated, denois-
ing and normalization shall be still carried out.
The denoising includes removal of substrate,
electronic jamming, and random ion motion as
well as calibrating of spectrogram baseline [78,
79]. Normalization shall remove the systematic
error caused by specimen or instrument. In gen-
eral, the average value or median of adopted peak
is for reference [80]. Then, the mass-to-charge
ratio and intensity of each peak could be effec-
tively measured. Next, the Biomarker Pattern
Software (BPS) is mostly used to sort out the dif-
ference of peaks.

5.2.2.2 Selection of Features or Sorting
Algorithm

Based on gene chip technology and mass-
spectrometric technique, the researcher could
obtain a lot of gene and peptide expression-
related data. If one or more expressions are obvi-
ously different in various specimens, such
gene- or peptide-based disaggregated model may
boast very strong discriminability in diagnosis or
prediction of disease. The chosen marker (also
called property) is generally provided with fol-
lowing features: pathological meaning is avail-
able for discrimination or classification of
disease. Also, the interactive messages are made
available among the properties. So, the number
of properties shall be reduced as far as possible to
achieve high efficiency. Therefore, the selection



5 Screening and Identification of Molecular Marker for Metastatic Liver Cancer 73

of markers plays a vital role in the accuracy of
disease classification model.

The existing feature selection algorithm is
divided into two types:

Filter: the properties are sorted, so that several
properties at the highest rank are chosen.
Wrapper: sorting algorithm is embedded into the
selective process of features, so that the results of
classification are the selection criterion which is
observed to choose the best feature subset. For
the studies on multifactor cancer disaggregated
model, the Wrapper is commonly used for fea-
ture selection.

The sorting algorithm means that the targets to
be identified are sorted as certain category in the
feature space via some computational methods.
The elementary operation is that the training
samples are used to ascertain and optimize the
sorting algorithm. Thus, such algorithm could
reach the highest precision ratio in the training
sample set, so as to obtain the related disaggre-
gated model; then, the above disaggregated
model could be used to sort out the specimen.
Currently, the multifactor cancer disaggregated
model, particularly SELDI-TOF-MS data-based
disaggregated model, adopts decision tree [81—
92], which has fewer nodes and is subject to the
specific peak, so as to prompt the further research
on the single molecular marker. The other major
merit of decision tree is that the composite sam-
ple with different properties or even the numeri-
cal value or nonnumerical value-based composite
sample could be processed. Therefore, as the
SELDI-TOF-MS and existing clinical indices are
used as aggregate analysis, the strong operability
is available. Other common sorting algorithms
include artificial neural network [93, 94] and sup-
port vector machine [95]. The former is suitable
to a lot of specimen but may suffer from “over-
study,” thus causing a large gap between training
set and test set; the latter is based on stricter
mathematical theory and has the overall optimal-
ity, but it is more suitable to small-scale speci-
mens; also, only two kinds of classified algorithm
are available [96].

For the study on gene chip-based disaggre-
gated model, prediction analysis for microarrays
(PAM) [97, 98], nearest mean [99], classifier of

nearest centroid [97], k-nearest neighbor [100,
101], log linear [102], multidimensional ranking
[103], and compound covariate predictor [24] are
adopted besides decision tree [104], artificial
neural network, and support vector machine
[103, 105] as per stated above. It is difficult to
judge the superior and inferior of different sort-
ing algorithms in terms of mathematical founda-
tion. The appropriate method is that based on the
same sample set, the results of different sorting
algorithms are compared to choose the most
appropriate disaggregated model [95, 97] of spe-
cial incident; or, as per the mutual authentication
among different algorithms, the model with high-
est precision ratio could be created for the clas-
sification of special incidents.

5.2.2.3 Test on Disease Classification
Model

The multiple regression analysis [106, 107],

ROC tracing analysis [101, 103, 108], foresee-

able verification [24, 97, 102, 109], and review

verification are usually adopted for the test on a

disease classification model.

1. Multiple regression analysis is the analytic
method used for studying the correlation
between dependent variable (diagnostic sum-
mary) and various arguments (molecular
markers) as well as among various arguments.
For tumor diagnosis, the contributions of each
molecular marker to the function of disaggre-
gated model as well as the correlation between
the molecular markers could be Ilearned
through the multiple regression analysis. This
will guide the future research on the develop-
ment, metastasis, and recurrence of tumor as
well as prognosis and survival rate. As the
most used regression algorithm, logistic and
Cox adopt the method of maximum likelihood
for parameter estimation. Logistic is suitable
to the dependent variable belonging to
grouped data, so that quantitative analysis and
research could be made for the influence of
each factor to the dependent variable; Cox is
mainly used in the survival analysis, so as to
effectively analyze such special dependent
variable (survival time of patient). The
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multiple regression analysis could be realized
through various types of common computer
software such as SPSS and Excel.

2. ROC, the abbreviation of receiver operating
characteristic, is a sensitivity- and specificity-
based analytic method used to reflect the
accuracy of disaggregated model via “area
under the curve (AUC)”. Also, it could be
quantitative method used to evaluate the con-
tributions of single molecular tag to the classi-
fied diagnosis model and polymolecular
aggregate analysis, so as to improve the over-
all efficiency. The operation thereof could be
achieved by SPSS and Excel.

3. For disaggregated models of cancer, double-
blind regression of sample set is widely used,
e.g., the comparison between overall survival,
OS, and disease-free survival (DFS) in the life
table. For the tumor metastasis research, com-
parison of tumor metastasis rate is taken into
special account. Also, foreseeable verification
on the survival rate of patient is reported.
However, due to the difficulty in actual opera-
tion, the verification on cancer prediction of
disaggregated model via follow-up survey on
high-risk population is still not reported. Yet,
it is necessary to carry out the foreseeable
research on the polymolecular model which is
useful in the prediction, diagnosis, and clini-
cal outcome or prognosis.

5.3 Colorectal Cancer
and Hepatic Metastasis
Molecular Marker Thereof
5.3.1 Common Tumor Molecular

Marker of Colorectal Cancer

The sick rate of colorectal cancer in China has
been rising. The 5-year survival rate thereof only
accounts for 50 %. CEA and carbohydrate anti-
gen (CA 199) are the two common colon cancer
markers, which are mainly used in evaluating the
curative effect and monitoring the recurrence of
tumor at the late period. So, they do not produce
the major significance to the screening of colon
cancer at the early stage. Currently, the serologi-

Y. Liuetal.

cal diagnosis indices with high sensitivity and
specificity for diagnosis of colorectal cancer are
unavailable. Therefore, it is necessary to find out
the new tumor marker.

Shiwa et al. [110] discovered the protein with
the molecular weight of 12KD in the cell strain of
colon cancer. Here, the mass-spectrometric tech-
nique is adopted to identify the protein of 12KD
as a-prothymosin, which may be the biological
marker to diagnose the colon cancer. Lawrie et al.
[111] analyzed the proteomics for cell line LIM
1215 of colon cancer, so as to identify 92 mem-
brane proteins and offer the “target ion” to evalu-
ate albumin with low abundance. Simpson et al.
[112] also analyzed LIM 1215 and established
membrane protein database, so as to further study
the development of colorectal cancer.

Studying on cell line HCT 116 of colon cancer
with high metastasis, Ahmed et al. [113] discov-
ered that plasma urokinase plasminogen activator
(uPA) and the reception body (uPAR) thereof may
be the significant factors which cause the deterio-
ration or metastasis of colon cancer, so they not
only help in establishing the signaling molecule
proteomics database for uPAR but also become
the new method for diagnosis and treatment of
colon cancer. Stierum et al. [114] analyzed the
Caco-2 proteomics of colorectal cancer cell line
and detected 11 kinds of protein related to the
reproduction and disintegration hereof. The
research shows that FABL, CH 60, GTA 1, TCTP,
and NDKA albumin are closely related to the
colorectal cancer. Thus, it will be helpful to verify
the molecular mechanism concerning the occur-
rence and development of colorectal cancer.

Xu et al. [115] used SELDI protein chip to
analyze the serum specimen of colorectal cancer
patient, so as to set up seven models. Each model
is made up of a plurality of distinctive albumin
peaks. The precision ratio in phase for the patient
before operation reached 78.72% to the mini-
mum and 86.67 % to the maximum. Roboz et al.
[116] chose the hydrophobicity chip (H4) to find
out albumin of m/z 8942 shows high expression
and albumin of m/z 9300 shows low expression.
Also, Petricoin et al. [117] made the comparative
study on colorectal cancer and polypus to find a
13.8x 10° protein, which is expressed via both
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colorectal cancer and polypus. So, it is meaning-
ful to the early screening of colorectal cancer.

Friedman analyzed 12 specimens for colorectal
cancer tissue and normal tissue to obtain more
than 1,500 distinctive albumin points. As per the
mass-spectrum evaluation, 52 kinds of protein
with abnormal expression, including cytokeratin,
annexin IV, creatine kinase, and fatty-acid-binding
protein, are found, so as to greatly enrich the pro-
tein database of colorectal cancer tumor [118].

Chaurand et al. [119] analyzed mucosa of
both normal colon and colon cancer to find out
that 100A8, S100A9, and S100A11 in the
Ca-binding protein family of cancer tissue were
increased, so as to prompt that these three kinds
of protein were the specific markers of colon
cancer.

Stulik et al. [120, 121] found that the content
of EF-2, Mn-SOD, and nm 23 was particularly
high in colon cancer; also, the changes of nine
kinds of protein were the same in the cancer tis-
sue and adenoma tissue, namely, expression
decrease of L-psoriasis-related albumin and car-
bonic anhydrase and expression increase of
S100A11, PPIASE alkalinity mutant, attached
element III and VI, DDA H, CK 18, and inhibin,
so as to demonstrate the correlation between
change of these albumin and development of
colorectal cancer.

Roblick et al. [122] analyzed the specimens of
normal tissue, adenoma tissue, cancer tissue, and
tumor metastasis tissue of sigmoid carcinoma
patient via 2DE, peptide mass fingerprinting,
PMEF, and MS and carried out the comparison for
the individual patient as well as between the
patients, so as to find out the abnormal expression
of 112 albumin points, among which 72 proteins
were evaluated. Here, 46 were increased, but 26
were decreased.

Pei Haiping et al. [123] found that apolipopro-
tein Al with differential expression, calreticulin
precursor, glutathione-s transferring enzyme
(GST-s), liver-type fatty-acid-binding protein,
and heat shock protein 27 could be chosen as the
candidate biological markers for early diagnosis
of colorectal cancer.

An Ping et al. [124] found that loss of
calmodulin, DNase 262 precursor protein, and

o-mannosidase and the increase of apolipopro-
tein are related to the occurrence of colorectal
cancer and hepatic metastasis.

Tachibana et al. [125] conducted proteome
analysis on primary tumor and metastatic tumor
of colon cancer so as to obtain Apo Al (apolipo-
protein Al). Also, as per the further research on
RT-PCR and immunohistochemistry, expression
of Apo Al in the primary tumor is much lower
than that in metastatic tumor. Expression of Apo
Al is related to the pernicious degree of colonic
adenocarcinoma. Therefore, Apo Al could be
chosen as the potential marker for enhancement
of tumor invasiveness.

5.3.2 Molecular Markers for Hepatic
Metastasis of Colorectal
Cancer

The hepatic metastasis of colorectal cancer per-
tains to secondary or metastatic liver cancer.
Therefore, the research on molecular markers
thereof shall include gene level and genomics,
protein expression and proteomics, and immuno-
histochemistry and also the synthetic study on
gene, protein, clinical patho- and physiological
index, and biostatistics.

5.3.2.1 Research on Gene Level
and Genomics

For the research on polygene chip, Lin et al.
[126] adopted whole genomics chip, statistical
analysis, and significance analysis of microarrays
(SAM) to analyze 48 cases of primary colorectal
cancer and 28 cases of hepatic metastasis, so as to
identify 778 genes with differential expression in
primary tumor and metastasis hereof. The genetic
analysis shows that as compared with primary
tumor, tissue remodeling and immunological
reaction-related genes were increased during
metastasis, while reproduction- and oxidative
phosphorylation-related genes were decreased.
The real-time PCR demonstrated that the increase
of osteopontin, versican, ADAM 17, CKS 2,
PRDX 1, CXCR 4, CXCL 12, and LCN 2 with
differential expression as well as tissue remodel-
ing and immunological reaction-related genes is
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associated to the transfer of invasiveness to the
new location. The above genes could facilitate
the growth of tumor. However, the decrease of
reproducing-related genes demonstrated that as
compared with primary tumor, the reproducing in
metastasis was reduced.

As per the analysis on gene expression spec-
trum at different phases of metastatic colorectal
cancer and nonmetastatic colorectal cancer,
TGF-p inhibitor BAMBI is only increased in
nearly half of metastatic primary tumor and meta-
static carcinoma in terms of 115 gene tags with
differential expression [127]. Also, BAMBI inhib-
ited the channel of TGF signal B and increased
the transfer of cancer cell; B-catenin co-activated
BCL 9-2 in channel Wnt. Gene expression of
BAMBI could be used to predict the metastasis.
Meanwhile, it was reported that the expression of
FGF-1 and FGF-2 in various cancers was related
to the harmful prognosis of the tumor patients.
Sato et al. [128] used quantitative and real-time
reverse transcription PCR to make the compari-
son between 202 cases of colorectal cancer tissue
and associated normal tunica mucosa, so as to find
out expression of FGFR-2 was decreased. The
analysis on the relation between clinical patho-
characteristics and gene showed that the increase
of FGFR-1 in hepatic metastasis was related to
the hepatic metastasis.

The non-chip gene expression is adopted to
study the tumor metastasis-related genes. For
example, MMP-7 from cancer cell participates in
invasiveness metastasis of tumor cell via destroy-
ing the basilar membrane. The epidemiology
shows that the increase of IGF-1 is related to
colorectal cancer. Oshima et al. [129] adopted
RT-PCR to study MMP-7, IGF-1, IGF-2, IGF-1R,
and fB-actin mRNA of the cancer tissue and nearby
normal tunica mucosa in 205 cases of untreated
colorectal cancer: gene expression of MMP-7 and
IGF-1R was increased, and gene expression of
IGF-1 was decreased; IGF-1R was related to the
invasiveness of vein and hepatic metastasis, so that
they were the useful prediction indices for hepatic
metastasis of colorectal cancer.

The research shows that the transcription fac-
tors EphA 4 and EphB 2 participate in the occur-
rence and development of various cancers.
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Oshima et al. [130] adopted RT-PCR and clinical
pathology to analyze the specimens of cancer tis-
sues and nearby normal tunica mucosa in 205
cases of untreated colorectal cancer, so as to find
out the increase of EphA 4 and decrease of EphB
2 were related to hepatic metastasis. However,
the correlation is unavailable between the gene
expression of EphA 4 and that of EphB 2. Here,
the increase of EphA 4 and decrease of EphB 2
could be used to predict the hepatic metastasis of
colorectal cancer.

Akashi et al. [131] adopted inverse transcrip-
tion of PCR to study CEA mRNA in the leading
venous blood before the resection in 80 cases of
colorectal cancer treatments: 80 % (28/35) CEA
mRNA were positive and free from hepatic
metastasis. According to Cox risk model, the
lymphatic metastasis was the only factor to pre-
dict the recurrence of hepatic metastasis.
However, the research did not demonstrate CEA
mRNA in the leading venous blood was provided
with high prediction during hepatic metastasis,
but the cancer cells in the leading venous blood
were three key elements and initial steps of
hepatic metastasis.

It is reported that Osteopontin (OPN) in the
tumor is the phosphorylated protein which is
related to the occurrence of tumor. As per the
study on transcription of colorectal cancer, Rohde
et al. [132] found the high expression of OPN
genetic transcription. Also, real-time reverse
transcription of PCR, multivariate analysis, and
immunohistochemistry were adopted to analyze
13 cases of normal colon cancer tissues, nine
cases of adenoma, 120 cases of primary colorec-
tal cancer, and ten cases of hepatic metastasis, so
as to discover the remarkable increase of OPN in
the primary colon cancer and hepatic metastasis.

Rubie et al. [133] adopted Q-RT-PCR and
ELISA to analyze six cases of UC, eight cases of
colorectal adenoma (CRA), 48 cases of colorectal
cancer at different stages, and 16 cases of colorec-
tal cancer hepatic metastasis (CRLM) simultane-
ously or at different times. The results showed
that IL-8 expression was related to the occur-
rence and development of colorectal cancer and
hepatic metastasis. As compared with CRA and
UC, IL-8 in CRC specimen was obviously
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overexpressed; also, compared with CRA tissue,
IL-8 was increased by 30 times; IL-8 has a close
relation with tumor grading; in addition, as com-
pared with primary colorectal cancer tissue,
expression of IL-8 in CRLM is higher than the
normal level by 80 times.

Miyagawa et al. [134] adopted the end-mark
methods of deoxyribonucleoside monophosphate
transferring enzyme to analyze the paraffin
embedding tissue of 70 cases of colorectal cancer
hepatic metastasis after excision, so as to find the
number of dead cancer cells and expression of
tumor gp 96 affecting the number of CD
83-positive cell at the outlying part of cancer
invasiveness. Here, CD 83-positive cell was the
key factor to predict the hepatic metastasis of
colorectal cancer.

5.3.2.2 Research on Expression
of Protein and Proteomics

The high flux reactor and real-time research on
proteomics is focused on the rule of dynamic
variation under different pathological and physi-
ological conditions, so as to find out the mole-
cules with differential expression and choose
disease-related molecular markers. The molecu-
lar markers of colorectal cancer hepatic metasta-
sis could be sorted out via the technique of
proteomics.

Shi et al. [135] adopted 35S-methionine and
2DE-MS to conduct the comparative study on
synthetic proteome of colorectal cancer (CRC)
hepatic metastasis and normal colon mucosa
under culture in vitro for 16 h, so as to find out
that the main constituent of newly synthetic pro-
tein was made up of cytoplasmic protein with low
abundance and traditional secreted protein.
Thirty two kinds of protein with differential
expression were displayed hereby, among which
desmocollin-2 was increased, while fibrinogen
gamma chain was decreased. Thus, the further
research may discover the serum markers of
colorectal cancer hepatic metastasis.

Katayama et al. [136] adopted 2D-DIGE and
LC/MS/MS with maleimide CyDye fluorescein
labels to study the change of albumin in CRC
metastasis (protopathic SW 480 and SW 620 of
lymphatic metastasis in the same patient). For

in vivo studies on metastasis, two cell lines were
injected to the spleen of nude mice, so as to reveal
that nine obviously increased albumin were avail-
able in SW 620 as compared with SW 480. The
test on in vivo metastasis shows that a-enolase
and triosephosphate isomerase were related to
metastasis of these two cell lines.

Pei et al. [137] adopted two-dimensional gel
electrophoresis of ionization time-of-flight mass
spectrometry and immunoblotting to study the
fresh tumor and related normal tunica mucosa of
non-LNM CRC and LNM CRC. Also, pro-
teomics, tissue chip technology, and immunity
histochemical stain were obtained from non-LNM
CRC and LNM CRC of 40 CRC specimens with
paraffin-embedded technique to identify four pro-
teins with differential expression. There were 25
proteins with differential expression in the normal
tunica mucosa and CRC tissue. As compared with
non-LNM CRC, heat shock protein-27 (HSP-27),
glutathione S-transferase, GST, and Annexin II in
LNM CRC were increased, while liver fatty-acid-
binding protein (L-FABP) was decreased, so as to
prompt the LNM risk in CRC.

Kang et al. [138] adopted differential pro-
teomics, Western blot, and immunohistochemis-
try to identify 34 unique differential albumins
from the primary tumor of 14 cases of hepatic
metastasis or non-hepatic metastasis CRC as well
as a differential protein cluster, consisting of 17
proteins throughout PI3K/AKT pathway; also,
three albumin tags from proteomics of CRC 105
and normal specimen; phosphorylated IkB-a,
TNF-a, and MFAP 3 L are related to the hepatic
metastasis so as to distinguish the CRC patients
with high hepatic metastasis risk. In addition,
according to the nude mice model used for
hepatic metastasis of RKO and HT 29 in colon
cancer, the protein tag from the channel PI 3 K/
AKT may become the biological marker of
colorectal cancer hepatic metastasis.

Pierobon et al. [139] adopted reverse-phase
protein microarrays and laser micro-slitting tech-
nology to obtain CRC tumor tissues which were
concentrated upon the functional protein-based
channel (signal network). Also, comparative
study was made on the differential expression of
the patients with CRC or non-recurred CRC. The
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results showed that the activation of EGFR and
that of COX 2 signal passages were quite differ-
ent, so as to become the prognostic tools, which
were used to guide the potential treatment.

As increased in many tumor cases of human,
cyclooxygenase-2 (COX-2) was used to adjust
angiogenesis through inducting the blood vessel
production. Nakamoto et al. [140] adopted immu-
nohistochemistry. Spearman rank test analyzed
44 specimens of primary tumor tissues as well as
COX-2, VEGF-A, VEGF-C, TP, and MVD of
relevant hepatic metastasis tissue: the primary
tumor is proved with the same COX-2, VEGF-A,
TP, and immunological unresponsiveness of
MVD as those of relevant hepatic metastasis
tumor. The immunological unresponsiveness of
COX-2 was higher in hepatic metastasis, while
VEGF-A was higher in the primary tumor. The
immunological unresponsiveness of COX-2 and
VEGF-A in both primary tumor and metastatic
tumor were correlated. Also, the expression of
COX-2, VEGF-A, TP, and MVD of primary
tumor and colorectal cancer liver metastasis pres-
ents the positive correlation, which was helpful to
predict the angiogenesis via primary tumor anal-
ysis as well as administrate personalized cancer
treatment.

Melle et al. [141] adopted ProteinChip
(SELDI) to analyze the result spectrum of 17
cases of colon cancer hepatic metastasis. As
compared with CRC and HCC, 49 signals with
differential expression were found. Also, based
on the immunodepletion, Ca-binding protein
S100A6 was found to accurately set the position
in the cell via immunohistochemistry as well as
Ca-binding protein S1I00A11 to identify the dif-
ferent tumors.

5.3.2.3 Level of Inmunohistochemistry
The application of immunohistochemistry
includes tissue chip, traditional immunohisto-
chemistry and Western blot, and related statistics
which are adopted to study on the potential bio-
logical markers of colorectal cancer hepatic
metastasis.

Fang et al. [142] adopted tissue microarray
(TMA) to test the biological markers (B-catenin,
CD44v7, c-myc, cyclin D1, estrogen receptor
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8, mitogen-activated protein kinase/extracellu-
lar signal-regulated kinase, maspin, matrix
metalloproteinase-7 (MMP7), p53, Pinl,
PPARy (peroxisome proliferator-activated
receptor-gamma), survivin, T-cell transcription
factor 4 (TCF4), transforming growth factor
receptor II (TGF-PRII), TGF-p, TROP2, and
Whnt) in 620 cases of colorectal cancer. As per
clinical data, risk regression analysis on COX
was made. The result showed that all the mark-
ers in the tumor were increased. Also, Kaplan-
Meier analysis showed that increase of TROP
2, MMP 7, and survivin lowered the survival
rate. Survivin and TROP 2 were the meaningful
prediction indices for the patients with low sur-
vive rate. Meanwhile, TROP 2 and MMP 7 are
closely related with recurrence of tumor and
hepatic metastasis.

For the research on adherent molecules and
related signal path molecules, Ochiai et al. [143]
adopted immunohistochemistry and array train-
ing for nine predicted or prognosis molecular
(p53) of hepatic metastasis, so to study 439 cases
of CRC patients and find out the combination of
dysadherin, E-cadherin and matrilysin could pre-
dict the hepatic metastasis; thus, the high sensi-
tivity and potential clinical application were
provided. Meanwhile, Choi et al. [144] adopted
immunochemistry staining to compare the
expression of SRF, E-cadherin, and p-catenin in
43 groups of primary colorectal cancer and
hepatic metastasis, so as to discover that the
expression of SRF was obviously increased,
while the expression of E-cadherin was obvi-
ously lowered. The overexpression of SRF in SW
480 reduced E-cadherin, increased the unphos-
phorylated p-catenin, and enhanced cytoplasmic
movement and invasiveness. So, SRF have an
important role in the metastasis of colorectal
cancer.

As immunohistochemistry and Western blot
were adopted, Pancione et al. [145] made the
comparative study on p-catenin, PPARY (peroxi-
some proliferator-activated receptor-y), cycloox-
ygenase 2, and NF-kB in 72 cases of mucosa with
rectal cancer or without cancerization. It was dis-
covered that the expression spectrum was related
to 5-year survival rate of patients. According to
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the test on 18.1% tumor, the survival rate of
patients with pB-catenin was low, while expression
of PPARY in protoplasm/core showed favorable
prognosis. The decrease and deficiency of
p-catenin and PPARy were closely related to
TAM invasiveness, hepatic metastasis, and short
lifetime of tumor, but negatively correlated to
NF-kB to prompt that the decrease of p-catenin
and PPARy was the prognostic index of
CRC. Thus, it was good for sorting out the
patients with high fatality rate.

Delektorskaya et al. [146] adopted immuno-
histochemistry to analyze the specific expression,
distribution, and interplay between adhesion
molecules of E-cadherin, f-catenin, and CD-44v6
proteins in hepatic metastasis and lymphatic
metastasis of colorectal cancer to evaluate the
latent energy of colorectal cancer cell metastasis.
For metastasis of colorectal cancer, E-cadherin
was decreased or disappeared; for metastasis of
at least 80% colorectal cancer, immunological
reaction and core translocation of P-catenin’s
cytoplasm metastasis were increased. Change of
E-cadherin and f-catenin could be used as the
prognostic indices for colorectal cancer. Also, no
correlation was tested between expression of
CD-44v6 protein and latent energy of tumor cell
metastasis.

Increase of FAK, Src, and paxillin may
increase the latent energy of colorectal cancer
cell metastasis. de Heer et al. [147] adopted
immunohistochemistry to study 104 cases of
colorectal cancer under follow-up survey and
made quantitative investigation on FAK, Src, and
paxillin in 68 cases of colorectal cancer to find
that the tumor recurrence time was shorter if both
FAK and Src were increased. Thus, high level of
FAK and Src predicted the recurrence of colorec-
tal cancer and remote metastasis thereof.

It is reported that the decrease of vascular
endothelium adhesion molecule P-selectin
expression is related to the melanoma tumor.
Peeters et al. [148] adopted immunostaining
series such as colorectal tissue specimen (includ-
ing normal colorectal tissue, un-transitionary pri-
mary tumor, and hepatic metastasis of primary
cancer). The result shows that the P-selectin is
decreased due to colorectal cancer’s escape from

inflammation recovery, so as to increase cancera-
tion risk.

Noike et al. [149] adopted immunohistochem-
istry and multivariate analysis to study on 84
cases of HMCRC resection. Here, the expression
of Trx-1, VEGF, and Ref-1 was not found in the
remaining tumor. Also, it was found that Trx-1
was an independent prediction factor, while the
expression of VEGF and Ref-1 was related to the
overexpression of Trx-1, which were all related
to the harmful prediction factors of HMCRC.

For cell strain or animal model, Wang et al.
[150] adopted three colorectal cancer cell strains,
HT-29c, HT-29d, and WiDr, to set up the nude
mice metastasis model via the application of
ELISA, IHC, and FACS, so as to find out that
there was a positive correlation between the level
of uPA and PAI-1 and metastasis potency of
tumor cell; also, PI 3-kinase was related to the
development and metastasis of tumor.

Wang et al. [151] developed orthotopic trans-
plantation model of white rat CRC and related
SW 480 CRC cell subcloning M5 of high hepatic
metastasis and compared the difference of gene
expression between M5 and SW 480, so as to find
out the decrease of SATB 2 (special AT-rich
sequence-binding protein 2) in M5. Meanwhile,
immunohistochemistry was used to analyze 146
cases of tumor specimen of colorectal cancer, so
as to display the decrease of SATB 2 which was
related to the tumor and lymph invasiveness,
remote metastasis, Dukes classification, and
prognosis. As shown in single-factor and multi-
factor analysis sheet for existence, SATB 2 was
the prognosis indices of new CRC.

Oue et al. [152] adopted immunostaining
ELISA to test the expression and distribution of
Reg IV (Regenerating islet-derived family, mem-
ber 4) in CRC as well as the content thereof in the
serum. The conclusion was that the concentration
of serum Reg IV before operation was the predic-
tion indices for harmful existence. The concen-
tration of serum Reg IV could predict HMCRC.

PRL-3 (phosphatase of regenerating liver3) is
the molecular related to hepatic metastasis of
CRC. Peng et al. [153] adopted hybrid tumor
technique to prepare PRL-3 antibody, and then
ELISA and immunoblotting were used to
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ascertain the specificity thereof; the PRL-3 in the
normal colorectal epithelium was analyzed
through immunohistochemistry, logistic regres-
sion, and existence analysis to discover that
expression rate of PRL-3 was apparently higher
than that in the primary colorectal cancer and
normal colorectal epithelium. The expression of
PRL-3 was related to the hepatic metastasis of
colorectal cancer, so as to shorten the survival
time. The first research demonstrated that PRL-3
was the potential marker of hepatic metastasis of
colorectal cancer, so as to produce the negative
effect on the prognosis of colorectal cancer
patient. PRL-3mRNA was raised in the specimen
of colorectal cancer metastasis. Li et al. [154]
chose 1,400 hybridoma clones of special mAbs
for each PRL. Also, two specially hybridized
clones were obtained for PRL-3 and the other
two specially hybridized cell strains for PRL-1.
Then various methods were used to verify the
reaction specificity of PRL-3 and single PRL-1-
antibody. The expression of PRL-3 in 10 % speci-
mens of primary colorectal cancer showed that
the expression of PRL-3 may be the initial stage
of transition process; these mAbs would become
the markers used for assessing the clinical diag-
nosis of tumor invasiveness. Also, Hatate et al.
[155] studied 107 primary focal resections to find
that there was negative correlation between
expression of PRL-3 and prognosis; pN factor,
CEA, and CA 19-9 could be used with PRL-3 as
the independent prediction factor. The hepatic
metastasis from PRL-3 may be mediated via
lymphatic metastasis and deemed as the marker
of serum tumor.

As a p-galactoside-binding protein, galectin-3
is related to a lot of biological processes such as
adhesion, identification, reproduction, disintegra-
tion, and death of cell. By means of immunohis-
tochemistry, clinical pathology, and statistical
concept, Tsuboi et al. [156] analyzed the expres-
sion of galectin-3, P-catenin, and Ki-67 in 108
cases of colorectal cancer as well as the expres-
sion of galectin-3 on the tumor surface and inva-
siveness. When the expression of galectin-3 at
the outlying invasiveness was lower than that on
the tumor surface, the remarkable hepatic metas-
tasis appears. 3-catenin on the tumor surface was
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related to hepatic metastasis and neoplasm stag-
ing. The decrease of galectin-3 expression was
related to the invasiveness and metastasis of
colorectal cancer. Therefore, the expression of
galectin-3 may participate in the invasiveness,
metastasis, and reproduction of colorectal
cancer.

Maspin could repress the invasiveness and
metastasis of malignant tumor. Zheng et al. [157]
used tissue chip and CD 34 antibody marked
immunostaining to study maspin and capillary
density (MVD) in 119 cases of colorectal ade-
noma (CRA), 22 cases of relay pleomorphic ade-
noma, 118 cases of relay pleomorphic non-cancer
mucosa, and 67 cases of patients with metastases
as well as the clinical parameters of tumor
(including p53, Ki-67 and tenascin, MVD, and
survival data). Analysis on Kaplan-Meier
revealed that the expression of maspin was not
related to the survival time of cancer. Also,
maspin was increased during the cancerization of
colorectal adenoma. Low expression of Maspin
could enhance the activity of cancer cells through
the degrading of extracellular matrix and closely
related to CRA hepatic metastasis.

Connective tissue growth factor (CTGF) is
related to the occurrence and development of
tumor. Lin et al. [158] adopted immunohisto-
chemistry staining to test 119 CRC specimens.
Meanwhile, transfection of CTGF via liposome
was adopted. The invasiveness and hepatic
metastasis of BALB/c mouse were tested. The
genetic analysis was made for CTGF in the signal
channel of f-catenin/T-cell factor. The result
shows that CTGF was the key moderator for
invasiveness and metastasis of CTGF, so as to
well predict CRC at phase II and phase III.

Saito et al. [159] adopted EIA, single\multi-
variate analysis, and COX risk regression model
to analyze 205 cases of colorectal cancer (109
cases of intestinal cancer, 96 cases of colon can-
cer, 52 cases of hepatic metastasis, and 153 cases
of non-hepatic metastasis), so as to find out that
the average serum laminin (668.0 +£274.7 ng/ml)
of hepatic metastasis was remarkably higher than
that of non-hepatic metastasis. The serum lam-
inin before operation was the marker to predict
the colorectal cancer.



5 Screening and Identification of Molecular Marker for Metastatic Liver Cancer 81

Monocyte chemoattractant protein-1 (MCP-1)
plays the role in the development of tumor.
Yoshidome et al. [160] adopted clinical stages
and immunohistochemistry to test MCP-1,
Angiopoietin-2, CD 68, and CD 34(capillary
density MVD was tested) in 87 cases of CRC
patients. MCP-1 with high expression accompa-
nied high M VD and was related to Angiopoietin-2;
the expression thereof was increased with the
progress of clinical stages. The cytological test
indicated that there was positive relation between
increase of MCP-1mRNA and high potency of
cell metastasis. The single-factor analysis showed
that transfer time, tumor size, number of metasta-
sis, and MCP-1 were the meaningful prognosis
factors. The multiple factor analysis verified the
expression of MCP-1 was the prognosis factor
not related to the survival. MCP-1 in CRC may
be related to the angiopoiesis; also, it was the
index to predict the recurrence of CRC hepatic
tumor resection.

Angiopoietin, Ang-2, and VEGF are key mod-
erators for angiogenesis of tumor. Ochiumi et al.
[161] adopted immunohistochemistry and anti-
CD 34 immunohistochemistry staining to ana-
lyze the expression of Ang-2 and VEGF and
tumor vs microvessel density (MVD) at the CRC
tumor invasive positions during the progressive
stage of 152 cases of excision. The recursive
multivariate analysis on S5-year survival after
operation indicated that the expression of lym-
phatic metastasis, VEGF, and Ang-2 was the
meaning indices of harmful prognosis. The result
shows that co-expression of Ang-2and VEGF
may cause the tumor angiogenesis which was the
factor to predict the development of CRC.

Yokomizo et al. [162] studied the expression
of FasL in 67 cases of colorectal cancer to dis-
cover 48 cases presented as FasL positive; for
FasL negative, only one case has hepatic metasta-
sis; FasL was unavailable in the case of vein inva-
siveness. It was prompted that FasL. may be the
prediction factor for vein invasiveness and
hepatic metastasis.

Fujimoto et al. [163] adopted single argument
and multivariate analysis to assess the relation of
clinical pathology and immunohistochemistry
(including the age, gender, tumor localizing,

overall size, type of tissue, disintegrated outlying
invasiveness, invasiveness depth, lymph invasive-
ness, vein invasiveness, lymphatic metastasis,
CD 10, MUC 2, and human gastric mucin) with
hepatic metastasis in 505 cases of colorectal can-
cer excision patients at T2/T3/T4 stage, so as to
find that overall size, type of tissue, disintegrated
outlying invasiveness, invasiveness depth, lymph
invasiveness, vein invasiveness, lymphatic metas-
tasis, and CD 10 were related to the hepatic
metastasis. CD 10 of colorectal cancer was the
best prediction for hepatic metastasis in colorec-
tal cancer.

Hayashi et al. [164] studied the hepatic tumor
and apoptotic index (Al) and proliferation index
(PI) of peripheral hepatic tissue in 43 cases of
resected colorectal cancer hepatic metastasis as
well as TGF-p1, TGF-BRIIL, and Fas and FasL of
immunohistochemistry, so as to find that except
value PI, other parameters were raised; enhanced
expression of TGF-B1 appears at the interface
near the tumor metastasis and liver parenchyma.
Enhanced expression of TGF-f1 and death of
liver cells around the liver parenchyma tumor
showed that TGF-Bl1 was substantial in the
hepatic metastasis of colorectal cancer.

For the relationship between inflammation
and tumor metastasis, Auguste et al. [165] dem-
onstrated that upon entering the liver, the meta-
static tumor cell stimulated TNF-« release and
epidermal cells adhesive reception body under
mediation of stellate cells of the liver, e.g.,
inflammatory reaction due to increase of
E-selectin. Afterwards, the author (Auguste) uti-
lized the immunohistochemistry focusing micro-
scope and three-dimensional reconstruction
technique as well as human colorectal cancer
CX-1 and mouse cancer cell H-59 to analyze the
subsequent interaction among tumor endothelial
cells in terms of time and space. The result shows
that the metastatic tumor cell could change the
expression of new endothelial cell reception body
of liver vas capillare. Thus, it was good for adhe-
sion and vascular of cell.

The researchers are not enough to the changes
of anticancer drug-related metabolizing enzyme.
For example, the activated 5-FU is composed of
dihydropyrimidine ~ dehydrogenase  (DPD),
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orotate phosphoribosyltransferase (OPRT), thy-
midylate synthase (TS), thymidine kinase (TK),
thymidine phosphorylase (TP), and deoxyuridine
triphosphatase (dUTPase). Kawahara et al. [166]
adopted immunohistochemistry to compare the
expression of 5-FU enzyme in 20 cases of
colorectal cancer without metastasis and in 35
cases of colorectal cancer with remote metasta-
sis: dUTPase and TK were increased, but DPD
was decreased; for 35 cases of remote metastasis,
OPRT, TS, and dUTPase were obviously
increased; dUTPase was the most possible index
for metastasis of colorectal cancer.

5.3.2.4 Synthetic Study

Various methods are adopted. For instance, gene
and genome, protein and proteomics, and single
or multi-molecular immunology are used for
joint testing. Afterwards, statistics and epidemi-
ology are adopted to study the metastasis of
colorectal cancer.

Zhou et al. [167] made the retrospective anal-
ysis on 197 cases of colorectal cancer hepatic
metastasis: hepatic metastasis resection, concen-
tration of serum CEA (sCEA) as well as the num-
ber and size of hepatic metastasis were the key
factors to predict the hepatic metastasis of
colorectal cancer. In addition, PI value could be
also used in predicting the hepatic metastasis of
colorectal cancer. Takagawa et al. [168] adopted
multivariate analysis to study 638 cases of SCEA
before operation to find that the optimal critical
value was 10 ng/ml; also, the recurrence and sur-
vival rates of 92 cases of TNM at stage II and III
were obviously different before and after he
serum critical value. Mehrkhani et al. [169] used
Cox regression to analyze 1,090 cases of colorec-
tal cancer resection in 1999-2002. Here, recur-
rences of colorectal cancer or new supplementary
chemotherapy were removed, so that the level of
preoperative CEA could predict the survival rate
of colorectal cancer patient after operation.

The degrading of extracellular matrix is the
intrinsic procedure for invasiveness and develop-
ment of cancer, among which matrix metallopro-
teinases (MMP)-2 and MMP-9 and their natural
suppressors participated in this process. Waas
et al. [170] adopted zymogram, ELISA, ROC
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curve, and Kaplan-Meier to analyze plasma
proMMP-2 and proMMP-9 and TIMP-1 in 57
cases of hepatic metastasis before and after resec-
tion. The obtained data were compared with 51
cases of healthy control group and 94 cases of
primary CRC. The plasma proMMP-2 and
proMMP-9 and TIMP-1 before operation were
useless to the diagnosis or prediction of colorec-
tal cancer hepatic metastasis, while CEA was
proved to be the better marker in the diagnosis
and prediction-related test. According to the fol-
low-up survey, it was seemed that the low-level
proMMP in the long and middle term was related
to the recurrence hereof.

CEA and CA 19-9 in the colorectal cancer
patients are often increased. Sasaki et al. [171]
adopted single argument and multivariate to ana-
lyze sCEA, CA 19-9, and other clinical data of 90
cases of colorectal cancer hepatic metastasis
before and after hepatectomy. It was found that
the increase of SCA 19-9 was the danger signal of
hepatic metastasis. Thus, it may assist the predic-
tion on outside hepatic metastasis of colorectal
cancer patient. Iwasaki et al. [172] adopted Cox
risk regression model to review 80 cases of liver
or lung metastasis of colorectal cancer, so as to
find that SCEA was obviously different during
the lung metastasis. However, no difference
thereof was found during hepatic metastasis.
Katoh et al. [173] adopted multivariance to make
retrospective analysis on the relationship between
clinical variables (including value CA 19-9
before operation, peritoneum diffusion, invasive
depth, age, hepatic metastasis scope, pathologi-
cal lymphatic metastasis, and sexual distinction
as well as aftertreatment, blood transfusion dur-
ing pre-operation, and lymph node dissection)
and survival rate in 162 cases of CRC 1V, so as to
find out that aftertreatment, blood transfusion
during pre-operation, CA 19-9, hepatic metastasis
scope, and peritoneum diffusion were indepen-
dent factors for prediction. The illative CA 19-9,
remote metastasis, and partial progress were
three definite variables. Delektorskaya et al.
[174] studied primary colorectal cancer markers
such as p-catenin, MMP 9, collagen IV, and lam-
inin in CRC, so as to prompt that high expression
of MMP 9 at outlying invasiveness and f-catenin
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in the cancer cell nucleus and high concentration
of laminin in the hyalomitome were obviously
related to the lack of collagen IV in the mem-
brane basilaris. Such changes showed the high
potency of colorectal gland cancer invasiveness.
Therefore, these indices could be used to predict
the clinical progress and CRC risk of colorectal
cancer.

The recent studies indicated that interaction of
CXCR 3/chemotactic factors in the CRC cyto-
plasmic movement was one of the cancerous
transition processes. Cambien et al. [175] adopted
the human CRC HT 29 and rat C26 with CXCR
3 as well as the AMG 487, the blocking agent of
CXCR 3. CXCR 3 inductive lagan and migration
and growth of CRC cells could be interdicted by
AMG 487. The test showed precaution of AMG
487 and control of CXCR 3in lymphonodi pul-
monales and tumor could remarkably repress the
lung metastasis of human and mouse’s CRC,
while the hepatic metastasis was not affected.
Rubie et al. [176] adopted real-time PCR, IHC,
and Western blot to compare 25 cases of UC,
eight cases of CRA, and 48 cases of CRC at the
different stages as well as 16 cases of CRLM and
CXCR 1-4 which is the chemotactic factor for
resection of colorectal cancer: CXC 1, 2, and 4
were increased in all CRC; CXCR 3 was only
overexpressed in CRLM; expression of CXCR 4
mainly appeared on the tumor cell of CRC; and
tumor of CRLM invaded the outlying liver cells.

The expression of Sialyl LewisX synthesizing-
related GnT-V is related to hematogenous metas-
tasis and harmful prognosis. Murata et al. [177]
established the overexpression of GnT-V in
human colon cancer cell line DLD-1 and WiDr.
SLeX (Sialyl LewisX) was the ligand of
E-selection. High expression of GnT-V induced
the expression of SLeX in the colon cancer cell,
so as to enhance the hypophloeodal adhesive
attraction of vascular of remote organs (liver and
lung) to guide the metastasis of colon cancer cell.
Suppression of GnT-V reactivity may stop the
metastasis of colon cancer through the decrease
of SLeX expression. The metastasis of cancer
cell was provided with the similar characteristics
with those available for lymphocyte’s entry to
inflamed tissue. Sialyl LewisX (SLeX) on the

lymphocyte membrane was the adhesive molecu-
lar of activated vascular endothelial cell in the
inflammation area — the lagan of selection. The
increase of C2 GnT1 reactivity may increase the
synthesizing of C2-O-SLeX so as to substantially
increase the adhesion between lymphocyte and
vascular endothelial cell. St Hill et al. [178]
adopted 113 cases of primary colorectal cancer,
10 cases of colorectal tumor, 46 metastasis liver
cancer, 28 cases of normal colon tissues, and 5
cases of normal hepatic tissue to test the changes
of C2-O-SLeX (CHO-131 testing) in the cancer-
ation and metastasis of rectal adenocarcinoma as
well as the expression of C2 GnT1 mRNA in 20
cases of normal, 15 cases of ordinary, and 2 cases
of disintegrated colorectal cancer as well as 5
cases of normal colon tissues. The result showed
that 70 % colorectal cancer and 87 % metastatic
liver cancer presented hyperergy to CHO-131
while no reaction on colorectal tumor and normal
colon and liver. Meanwhile, C2 GnTl1 in the
colorectal cancer was higher than that in the nor-
mal colorectal tissues by 15 times, so as to indi-
cate that high expression of C2-O-SLeX was the
marker to predict the early colorectal cancer.

Uner et al. [179] adopted ELISA to study 64
cases of colorectal cancer (32 cases of male
patients and 32 cases of female patients) as well
as 16 cases of healthy persons, so as to discover
that concentration of sE-selectin in patients with
colorectal cancer hepatic metastasis was obvi-
ously increased; however, no correlation is avail-
able with other parameters (age, stage,
disintegration, or primary tumor positioning). It
was verified that sE-selectin was related to the
overall survival rate. Concentration of sE-selectin
may not be deemed as the marker to predict the
metastasis of colorectal cancer. However, the
high expression of sE-selectin was helpful to the
diagnosis of hepatic metastasis.

Uemura et al. [180] studied the relationship
between the expression of sialidase (NEU1) and
potency of metastasis. When HT-29 of NEU1 was
injected to the mouse, it was found that hepatic
metastasis was obviously decreased. Also, in vitro
cytoplasmic movement and invasiveness and
adhesion were suppressed. Major molecular
change includes decrease of sialic acid in integrin
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p4. The desialylation was accompanied by
decreased phosphorylation of the integrin fol-
lowed by attenuation of focal adhesion kinase and
Erk1/2 pathway. NEU1 could cause the decrease
of MMP 7. GalNAc a-o-benzyl, an inhibitor of
O-glycosylation was used to treat the cell, so as to
show that positive integrin 4 of PNA was
increased with the decrease of phosphorylating to
prompt that iNEU1’s integrin p4 guided signal
transmitter caused the suppression on metastasis.

Vascular adhesion protein-1 (VAP-1) is the
endothelial cell molecule for controlling the pene-
trating power of lymphocyte tissue. VAP-1 (sVAP-
1) in the colorectal cancer patient is obviously
higher than that in the healthy control group. Also,
it is related to the remote hepatic metastasis and
TMN grading. The further study shows that
SVAP-1 before operation prompted the poor prog-
nosis. sVAP-1 is an independent index to predict
the lymph node and hepatic metastasis [181].

The research on pernicious phenotype-related
blood coagulation system is concerned. Illemann
et al. [182] studied the phenotype of urokinase-
type PA (uPA) and plasminogen activator inhibi-
tor-1 (PAI-1) thereof. For all the 14 cases of
primary intestinal cancer, the expression of uPAR,
uPA mRNA, and PAI-1 was increased at the front
part of invasiveness. For five cases of hepatic
metastasis, the expression of uPAR, uPA mRNA,
and PAI-1 was similar to that of primary carci-
noma. Another nine cases of hepatic metastasis
were related to the necrobiosis of focal metastasis.
Two different types of expression in the hepatic
metastasis were closely related to the different
clinical tumor growths, so as to indicate that it
may play a role in the treatment of colon cancer.

For the research on TGF/Smad signals, muta-
tion or decrease, increase, and metastasis of
Smad 4 are directly related to the harmful prog-
nosis. It was reported that Smad 7 induced tumor
and death via blocking TGF-. Halder et al. [183]
adopted spleen injection model, genome DNA
polymerase chain reaction, and immunohisto-
chemistry to discover the migration of Smad 7 to
the liver, so as to induce the hepatic metastasis. In
this case, the cells were highly increased by
means of spindle-shaped poor differentiation. For
hepatic metastasis, the increase of TGF-PRII was
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related to phosphorylation and aggregation of
Smad 2. The expression of claudin-1, claudin-4,
and E-cadherin was increased. The blocking of
TGF-p/Smad channel in the colon cancer cells
induced the metastasis. Thus, the signal approach
of Smad played an important role in the suppres-
sion on colon cancer.

The allopolyploidy and dimerization of (human
epidermal growth factor 2, HER 2) caused activa-
tion of EGFR/HER 1. The Amphiregulin (AR) of
EGFR may be related to the colorectal cancer.
Yamada et al. [184] adopted immunohistochemistry
and multivariate analysis to study the expression of
AR, EGFR, and HER 2 in 106 cases of primary
colorectal cancer and 16 cases of liver metastasis to
find that AR was the independent factor to predict
the hepatic metastasis of colorectal cancer.

Murad et al. [185] analyzed the immunity
expression of p53, Ki-67, and p16 and molecular
marker in 49 cases of hepatic metastasis of colorec-
tal cancer which did not affect the other organs.
Also, according to the clinical data (age, gender,
size of hepatic metastasis or largest focus, resec-
tion, compromised satellite-like nodules, and
resectional section of tumor) of the patient, it was
found that immunity expression of p53 was related
to the shortest disease free survival. Ki-67 was
unrelated to the decrease of disease-free lifetime
and survival. Immunity expression of p16 was syn-
chronized to the hepatic metastasis. The expression
of markers with 5-FU and leucovorin after opera-
tion was unrelated to the disease-free lifetime. The
molecular markers are helpful to the evaluation on
the hepatic metastasis of colorectal cancer.

The tumor-infiltrating lymphocytes (TILs)
have an important role in the primary colorectal
cancer. Wagner et al. [186] adopted polychrome
cells and interferon y stain to analyze 16 cases of
the hepatic metastasis of colorectal cancer and
relevant normal hepatic tissue to find that the
metastasis were obviously increased in CD (+),
among which hepatic metastasis was remarkably
increased in the active (CD 4(+)CD 25(+)). Also,
it demonstrated that the metastasis occurred in
CD 69(+), CD 25(+) with higher proportion and
active CD 107a(+) CD 8(+) TIL with cell toxi-
cant. CD 4(+) and CD 8(+) TIL were under selec-
tive activation during the hepatic metastasis.
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Table 5.1 Colorectal cancer hepatic metastasis-related molecules
Classification of research | Colorectal cancer hepatic metastasis-related molecules References
Genomics and gene CEA BAMBI FGFR-1 IGF-1R OPN versican ADAM17 CKS2 | [126-134]
PRDX1 CXCR4 CXCL12 LCN2 IL-8 EphA4 EphB2
Proteomics and protein Desmocollin-2 a-enolase triosephosphate isomerase HSP-27 [135-141]
GST plkB-a TNF-a MFAP3L COX-2 VEGF-A TP S100A6
S100A11 Annexin II L-FABP FNy
Immunohistochemistry TROP2 MMP7 (dysadherin, E-cadherin, matrilysin) [142-166]
E-cadherin p-catenin NF-kB PPARy (FAK, Src) Trx-1 VEGF
Ref-1, PI3K SATB2 Reg IV PRL-3 galectin-3 Maspin
P-selectin CTGF laminin MCP-1(Ang-2, VEGF) FasL CD10
TGF-f1 E-selectin dUTPase
Others CEA CA19-9 p-catenin MMP 9 ColV LN CXCR3 SLeX [167-187]
C2-O-SLeX GnT-V NEU1 sVAP-1 sE-selectin uPAR uPA
PAI-1 Smad7 Amphiregulin (AR) p16 proMMP-2
Sasaki et al. [187] studied the absolute counting, discovery to functional pathways. Liver Int.

clinical pathology, and long-term prediction on
white cell of peripheral blood of colorectal can-
cer hepatic metastasis patient with hepatectomy.
The univariate analysis showed that the patients
were more interrelated to the poor 5-year survival
if the number of peripheral mononuclear cells
>300/mm?*; multivariate analysis showed that the
number of peripheral blood mononuclear cells
before operation >300/mm’ and CEA level
(>10 ng/ml) before operation were the cancer-
related independent survival factors after hepa-
tectomy. The number of peripheral mononuclear
cells and white cells and neutrophilic granulocyte
before operation was related to the interval of
colorectal and liver surgical department or CEA
value before operation but unrelated to the num-
ber of tumor cells. The absolute number of
peripheral blood mononuclear cells >300/mm?
was the independent factor to predict the survival
rate related to the colorectal cancer hepatic
metastasis patients after hepatectomy.

See Table 5.1 on the colorectal cancer hepatic
metastasis-related molecules obtained via differ-
ent research platforms.
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Genetic Diagnosis on Hepatic
Metastasis from Colorectal Cancer

Suzhan Zhang

Early diagnosis is one of the bottlenecks to cure the
hepatic metastasis of colorectal cancer (CRC).
About 15-25 % patients are diagnosed with hepatic
metastasis when the primary tumor is detected,
while 25 % CRC patients will suffer from metachro-
nous hepatic metastasis [1]. Currently, the diagnoses
for synchronous hepatic metastasis of colorectal
cancer mainly counts on preoperative examination
and/or exploratory intraoperation; when necessary,
biopsy is performed to determine hepatic metastasis
of cancer; the diagnoses for metachronous hepatic
metastasis mainly count on regular follow-up
reexaminations by means of such imaging checks as
ultrasound, CT, MRI, and PET and cancer embryo
antigen (CEA). However, genetic diagnosis still
remains at the exploratory stage of laboratory, so it is
far away from clinical application.

6.1 Common Markers
for Hepatic Metastasis
of Colorectal Cancer
6.1.1 Cancer Embryo Antigen (CEA)

CEA is a kind of sugar protein with the molecular
weight of 180 kDa, which exists in the mucous

S. Zhang

The Second Affiliated Hospital of Zhejiang
University School of Medicine, Zhejiang, China
e-mail: zhangscy @tom.com

© Springer Science+Business Media Dordrecht and People’s Medical Publishing House 2017

epithelium of embryonic stomach and bowel and
cell surface of some malignant tumors. As a rela-
tively mature tumor marker, CEA plays a critical
role in the diagnoses for hepatic metastasis of
colorectal cancer, though sensitivity and specific-
ity are not quite high.

The research on CEA in the peripheral blood
serum was made earliest. At the primary diagno-
ses of colorectal cancer, the positive rate of serum
CEA is not high at all. Usually, we can predict the
occurrence of metastasis upon the rise of serum,
but the prognosis is quite poor. Generally speak-
ing, the half-life of CEA is 3—4 days. If CEA fails
to fall to the normal level 1 month after the opera-
tion, occult metastasis or early relapse can be
anticipated; if CEA falls to the normal level and
then rise after the operation, it is related to metas-
tasis by 75 %; even if the patient’s CEA is not
high before the operation, it is meaningful to take
postoperative examination. Once Abir et al. [2]
summarized several prospective studies (see
Table 6.1). It is said that the abnormal rise of
serum CEA is 4—10 months earlier than the clini-
cal detection of recurred metastasis, and the posi-
tive rate can reach 70% and above. Hence,
reexamination of serum CEA at the interval of
2-3 months is an effective means to detect
recurred metastasis at the early stage. In addition,
the symptoms of hepatic metastasis are usually
not obvious, while the symptoms of local relapse
can be anticipated, so the value of serum CEA is
superior to that of local relapse in terms of hepatic
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Table 6.1 Value of CEA in peripheral blood serum for the diagnoses of hepatic metastasis of colorectal cancer

Duration of Hepatic
median Relapse metastasis The rise of CEA is earlier
follow-up prompted by prompted by than relapse/metastasis
Researcher Caseload survey (year) | CEA (%) CEA (%) (month)
McCall 311 4.5 58 80 6
Moertel 1,217 6 59 70 4.5
Ohlsson 160 6.8 41 66 6
Engaras 132 5 88 100 8
Makela 106 5 31 43 Not clear

metastasis prompts. However, CEA in the periph-
eral blood serum is not featured with the specific-
ity of hepatic metastasis, so it can only generally
prompt the recurrence and/or metastasis of
colorectal cancer.

In 1989, Yeatman et al. [3] pioneered to report
the value of measuring the level of bile CEA
inside the gallbladder for the diagnoses of hepatic
metastasis of colorectal cancer. Among 17
patients with single and multiple hepatic metasta-
sis, the level of bile CEA was 4.7-259 times
higher than that of serum CEA (P=0.0009). The
hepatic metastasis less than 1 cm® may generate
9-41 ng/ml bile CEA. Li Destri et al. [4] exam-
ined intraoperative bile CEA, preoperative serum
CEA, and lymph node involvement among 89
cases after the radical operation for colorectal
cancer and follow-up survey last for 3 years.
Hepatic metastasis occurred in 11 cases, 9 of
which had higher level of bile CEA (5 ng/ml).
Among the rest of 78 cases, 73 cases had the nor-
mal level of bile CEA, so the ratio of sensitivity,
specificity, and accuracy for the anticipation of
hepatic metastasis can, respectively, reach
81.8 %, 93.6 %, and 92.1 %. Owing to a few case-
loads, this study failed to contribute to serum
CEA and lymph node involvement. Tuech et al.
[5] examined the level of bile CEA in three
groups, the hepatic metastasis group (n=35), the
non-hepatic metastasis group (n=154), and the
contractive group (n=23), and the level of CEA
was shown as follows: the hepatic metastasis
group > the non-hepatic metastasis group > the
contrastive group. The follow-up survey was
made for the non-hepatic metastasis group for
3 years. Hepatic metastasis occurred in 22 cases,
and the patients with the bile CEA >5 ng/ml were

more subject to hepatic metastasis than those
with the normal level of CEA (18/95 vs. 4/59).
Kanellos et al. [6] made a 5-year follow-up sur-
vey for 73 cases with colorectal cancer. Thirteen
cases suffered from hepatic metastasis and the
level of bile CEA was abnormal. However,
among the 60 cases with no tumor, the abnormity
of bile CEA occurred in 32 cases, so the rate of
false positive was quite high.

Based on the current research on bile CEA,
the time to collect bile is in the course of the
operation for primary colorectal cancer as a rule,
but right now the bigger tumor exists in the body,
and bile CEA secreted from the liver, the upmost
organ to remove CEA in the body, is bound to be
impacted by the primary tumor. So, the examina-
tion of bile CEA along with the primary tumor
may influence the accurate diagnoses of hepatic
metastasis and invasion could hardly be avoided
during postoperative examination of bile
CEA. Therefore, it is hard to realize clinical
application to a great extent.

Besides peripheral blood serum and bile,
scholars have also examined the level of CEA in
the portal vein blood [6], vena mesenterica, duo-
denal juice and exudate from abdominal cavity,
etc. However, further development is hindered
due to the difficulty in sampling and early diag-
nosis as well as lower positive rate.

6.1.2 CEA-mRNA and Cytokeratin
(CK)-mRNA

Tumor cells in blood circulation are considered
as one of the markers to anticipate hematogenous
dissemination and distant metastasis of tumor, so
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it is feasible to examine tumor cells in blood cir-
culation for the risk evaluation of hepatic metas-
tasis of colorectal cancer or early diagnosis.
However, owing to fewer tumor cells in blood
circulation, relevant test methods request higher
sensitivity and specificity. Currently, the reverse
transcription PCR (RT-PCR) technology, origi-
nated from the classic PCR, is widely applied to
detect a certain gene at the mRNA level. A tumor
cell can be detected from 10° to 107 normal cells,
so such technology is obviously superior to tradi-
tional cytomorphology, immunohistochemistry,
cytogenetics, and flow cytometer. If the RT-PCR
technology is applied to examine the circulating
tumor cells, the objective gene should be featured
with the specificity in tumor tissue. Most com-
mon solid tumor lacks the genes with tumor spec-
ificity, so currently tissue specificity or
tumor-related target gene is selected for examina-
tion. CEA and CK are mainly applied as the tar-
get gene for the colorectal cancer. CEA can be
almost detected on any epithelia including cancer
cell, while CK is the component protein of the
interzonal fiber of epithelia as well as reliable
marker for the differentiation of epithelium; for
example, CK,y and CK,, exist in the malignant
tumor related to glandular epithelium. Given the
unstable condition of mRNA in the cell’s external
environment, it is assumed that tumor cells exist
if CEA-mRNA or CK-mRNA is detected in the
blood of colorectal cancer patients.

Xu et al. [7] reported the positive rate of CEA,
CKy, and CK;o-mRNA by 35.8,28.3,and 41.9%
among 168 colorectal cancer patients. linuma
et al. [8] examined CEA-mRNA and CK20-
mRNA in the peripheral blood and the blood of
tumor drainage area among 167 colorectal can-
cer patients: the positive rate of CEA-mRNA
and/or CK,)-mRNA in the peripheral blood was
10.2% (17/167), while that in the blood of tumor
drainage area was 34.1 % (57/167). CEA-mRNA
and CK,,-mRNA expressions are obviously cor-
related with the depth of tumor infiltration, vein
encroachment, lymphatic metastasis, hepatic
metastasis, and other clinical pathogenesis by
stages. Also, both the survival time free from
diseases and the total lifetime of positive patients
are lower than those of negative patients.

Moreover, CEA-mRNA and CK,r-mRNA
expressions in the blood of tumor drainage area
belong to independent prognosis factors. Other
scholars [9] also concluded similar findings.
Also, some scholars [10] conducted CEA and
CEA-mRNA monitoring on the patients after the
resection of hepatic metastasis per month. As
compared with CEA, CEA-mRNA can more
sensitively prompt the postoperative relapse and
metastasis at the earlier stage.

However, this method has higher false negative
and false positive rate. The reasons for false nega-
tive may consist in the following: (1) Tumor cells
are featured with heterogeneity and the expres-
sion of the same target gene may differ on differ-
ent patients or different tumor cells of the same
patient, thus resulting in low or no expression in
some samples. Therefore, the combined exami-
nation with several target genes will be helpful
to increase the detectable rate; (2) exfoliation or
dissemination of tumor cells is intermittent, so
single blood sampling is hard to find it out. If the
condition permits, more blood sampling can be
taken. The reasons for false positive may consist
in (1) the increase of pseudo genes in hemocyte,
(2) DNA contamination in the process of RNA
extraction or the increase of DNA pieces due to
chemotherapy, (3) CEA and CK expression of
some regenerated infant cells or preexisting vari-
ant cells and low expression of non-epithelia, (4)
cross contamination among samples and the con-
tamination of skin epithelia when drawing blood,
etc., and (5) other existing subclinical malig-
nant tumors [11]. In addition, similar to CEA in
the peripheral blood serum, CEA-mRNA and
CK-mRNA examinations are not featured with
the specificity of hepatic metastasis, so it is more
suitable for risk evaluation and prompt of hepatic
metastasis rather than diagnoses.

6.1.3 C-met Gene and Hepatic
Growth Factor

C-met is the gene to encode hepatic growth factor
receptor (HGFR). As a kind of cross membrane
receptor protein tyrosine Kkinase, c-met mainly
exists in the epithelial tissue. The ligand of HGFR
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is the hepatic growth factor/scatter factor (HGF/
SF), but the combination of HGFR and HGF/SF
can lead to the phosphorylation of HGFR, thus
activating tyrosine kinase and tyrosine phosphor-
ylation of many substrate proteins, and then the
biological effect comes into being. In addition,
excessive expression of c-met genes in many
malignant tumors plays a vital role in the occur-
rence, growth, angiopoiesis, and metastasis of
tumors. As a kind of multifunctional cell factor,
HGEF can induce epithelia and many tumor cells
to split, move, and invade as well as develop
angiogenesis. High expression of c-met and HGF
in tumor tissue can form positive feedback, thus
leading to indeterminate growth and invasion of
tumors [12, 13].

Di Renzo et al. [14] discovered that excessive
expression of c-met protein, 5-50 times the nor-
mal level, exists in 50 % primary colorectal can-
cerand 70 % hepatic metastasis. This phenomenon
occurs at each stage of colorectal cancer, so it
may stimulate the metastasis thereof. Xu Jianmin
et al. in China [15] also reported that the expres-
sion of c-met protein in primary tumor and syn-
chronous hepatic metastasis is more than that in
primary tumor with no hepatic metastasis
(P<0.05); but the expression of c-met protein in
metachronous hepatic metastasis is not at odds
with that in primary tumor with no hepatic metas-
tasis or synchronous hepatic metastasis. Lately,
Zeng et al. [16] made use of the quantitative
PCR/joining enzyme reaction technology to
directly examine c-met gene copy number in the
tissue sample. This study collected 247 pairs of
primary colorectal cancer/normal intestinal
mucosa and 147 pairs of hepatic metastasis/nor-
mal hepatic tissue. The c-met gene copy number
in normal intestinal mucosa and hepatic tissue is
similar, while that in primary tumor is apparently
higher than that in normal tunica mucosa and the
c-met gene copy number in hepatic metastasis is
apparently higher than that in normal hepatic tis-
sue (P<0.001). Moreover, the c-met gene copy
number in hepatic metastasis is apparently higher
than that in primary tumor (P<0.0001). The rate
of c-met gene amplification in the patients with
local tumor is only 2 % (3/177), while that in the
patients with other distant metastases and the
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patients with hepatic metastasis, respectively,
reaches 9% (6/70, P<0.02) and 18 % (25/147,
P<0.01). After the operative treatment for
hepatic metastasis, the patients with c-met gene
amplification may have a shorter 3-year survival
rate (P=0.07).

Shi Weijian et al. in China [17] reported 52
cases of colorectal cancer, whose serum HGF
was apparently higher than that of healthy per-
sons. Higher HGF value was closely related to
later clinical stadium. Seventeen cases with
hepatic metastasis had higher HGF than those
with no hepatic metastasis. Yoon et al. [18] kept
monitoring plasma HGF of 26 cases with hepatic
metastasis, whose preoperative HGF was appar-
ently higher than healthy persons. Three days
after the resection, plasma HGF began to rise.
Three months later, plasma HGF recovered to the
preoperative level. During the 19-month median
follow-up survey, ten patients suffered relapse,
which might be associated with higher preopera-
tive HGF (P=0.021).

The positive feedback between c-met gene
products and HGF doesn’t belong to the specific-
ity of colorectal cancer or hepatic metastasis,
which widely exists in a great variety of tumors.

6.1.4 Matrix Metalloproteinase
(MMP) and Tissue Inhibitors
of Metalloproteinases (TIMP)

Matrix metalloproteinase (MMP) is a series of
hydrolytic enzyme that is featured with high
autopolyploid and can degrade extracellular
matrix, but such metal ions as calcium and zinc
are needed as the accessory factor and that is
what its name stems from; MMP can degrade
various proteins in extracellular matrix and
destroy tumor cells, so it is deemed as the pro-
tective screen against tumor cell invasion.
MMP, as the main proteolytic enzyme in the
process, plays a critical role against tumor cell
invasion and metastasis. Extracellular matrix is
mainly composed of basilar membrane and
interstitial substance; the former is made of
membrana basilaris collagen, i.e., type IV col-
lagen, which is the protective screen against
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tumor cell invasion and metastasis. In view of
type IV collagenase (MMP-2 and MMP-9) that
can degrade this protective screen, there are
quite a lot of research resources available.
Tissue inhibitors of metalloproteinases (TIMP)
are the main repressors of MMP, so the degree
of degradation as well as tumor cell invasion
and metastasis depends on the dynamic equilib-
rium of MMP and TIMP [19].

Currently, most of studies aim at primary
tumor or metastasis, for example, German schol-
ars [20], reported that the expression of MMP-1,
MMP-2, MMP-3, and MMP-12 in hepatic metas-
tasis was apparently lower than those in primary
colorectal cancer; also, the tumors with high
expression of MMP-7, TIMP-1, and TIMP-2
were less sensitive to 5-FU chemotherapy, while
the tumors with high expression of MMP-2,
MMP-9, MMP-11, and MMP-14 were quite sen-
sitive to chemotherapy.

However, the studies on MMP and TIMP in
blood are relatively less. Waas et al. [21]
reported the examination results on MMP-2,
MMP-9, and TIMP-1 in the plasma of 57
patients with hepatic metastasis, 94 patients
with no hepatic metastasis, and 51 healthy per-
sons. The level of MMP-2 in the patients with
hepatic metastasis was lower than that of the
healthy persons, while the TIMP-1 thereof was
higher than the healthy persons (P <0.001); the
difference between the groups with or without
hepatic metastasis was not obvious at all; after
the resection of hepatic metastasis, MMP-2 still
remained at the lower level, which might be
related to relapse. Actually, the diagnoses and
prognosis value of MMP-2, MMP-9, and
TIMP-1 are inferior to CEA, so they are not
ideal markers. Ishida et al. [22] examined the
level of MMP-9 in the peripheral and portal
vein plasma of the patients with colorectal can-
cer and discovered that the level of MMP-9 in
peripheral blood was irrelevant to various clini-
cal pathogeneses; on the contrary, the level of
MMP-9 in portal vein blood was associated
with tumor pathogenesis type, Dukes stages,
hepatic metastasis, and lymphatic metastasis.
The level of MMP-9 in the portal vein blood of
the patients with hepatic metastasis was

apparently higher than that with no hepatic
metastasis (P<0.01). Moreover, the ratio of
MMP-9 in portal vein blood to peripheral blood
was meaningful to anticipate the relapse of
hepatic metastasis. The higher the ratio, the
higher the probability of relapse would be. If
the critical ratio was set at 1.6, the ratios of sen-
sitivity, specificity, and accuracy can, respec-
tively, reach 77.8 %, 81.3 %, and 80.8 %.

Theoretically speaking, the change of dynamic
equilibrium between MMP and TIMP, higher
MMP and lower TIMP, is essential to the suc-
cessful tumor cell invasion and metastasis, but
this phenomenon cannot be verified in quite a
number of studies on hepatic metastasis from
colorectal cancer. Some findings are even the
opposite. This may be associated with the com-
plexity of MMP-TIMP system, the selection of
samples, sampling time and caseload, etc., so fur-
ther studies shall be made available.

6.1.5 Vascular Endothelial Growth
Factor (VEGF)

Vascular endothelial growth factor (VEGF) is a
kind of heparin-binding growth factor related to
the specificity of vascular endothelial cell, which
can stimulate the splitting, reproduction, and
movement of endothelial cells and enhance vas-
cular permeability, thus helping the growth of
vasculogenesis. So, VEGF plays a vital role in
the growth of angiogenesis.

Alabi et al. reported that higher level of
VEGF-A in preoperative serum was related to
relapse after the operation of colorectal cancer
[23]; VEGF-C was quite lower in the patients
with distant metastasis [24]. Ding Wei et al. [25]
examined the level of VEGF in peripheral and
portal vein blood of 101 cases with colorectal
cancer and discovered that the level of VEGF
was apparently higher than that of the healthy
persons; the level of VEGF in portal vein blood
with synchronous hepatic metastasis was appar-
ently higher than that with no hepatic metasta-
sis; the level of VEGF in portal vein blood on all
the patients with hepatic metastasis was higher
than 250 pg/L, and the proportion of hepatic
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metastasis on the patients with VEGF higher
than 250 pg/L was 67.6 %. Also, sensitivity was
100% and specificity was quite higher. But
some scholars [26] propose objection, the level
of preoperative VEGF on 18 cases with postop-
erative relapse, 21 cases with hepatic metasta-
sis, and 40 cases with the survival time over
5 years free from diseases, and the level of
VEGF on 28 healthy persons was divided into
four sets. No significant difference was found
on any two sets.

6.1.6 E-cadherin

E-cadherin (E-cad) is the hypotype of transmem-
brane protein in the cadherin protein molecular
family. The expression of E-cad is on the epithe-
lial surface of normal large intestinal mucosae,
and the major functions thereof are to mediate
adherence among epithelia and maintain normal
morphological structure of tissue. The hepatic
metastasis from colorectal cancer originates
from the breakdown of complete epithelium, and
then tumor cells pass through epithelium, blood,
or lymphatic system and finally arrive at the
liver. E-cad is essential for the completeness of
epithelium, thus preventing the occurrence of
metastasis.

Elzagheid et al. conducted tissue-related
research [27] and discovered that the expression
of E-cad on the cell membrane of primary tumor
was apparently higher than that of metastasis; the
patients with metastasis had higher E-cad and the
expression of E-cad in hepatic metastasis was
higher than other metastases. Moreover, higher
E-cad in the cytoplasm of primary tumor was
associated with shorter DFS. Upon a small
sample-based research on the soluble E-cad in
serum [28], the soluble E-cad in serum in the
patients with colorectal cancer and benign dis-
eases was higher than healthy persons; the con-
centration thereof was related to T stages rather
than N and M stages. Among the patients with
hepatic metastasis, the concentration of E-cad
was related to the level of serum CEA. Currently,
there is no report on large sample-based research
on soluble E-cad.
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6.1.7 Interleukin-6
and Interleukin-8

(IL-6 and IL-8)

As the multifunctional cytokine produced by
mononuclear macrophage, lymphocyte, and non-
lymphocyte, IL-6 is the sugar protein which is
composed of 212 amino acids and provided with
the molecular weight of 21 kDa. As the protein
with the molecular weight of 8.4-8.9 kDa, IL-8 is
composed of 72-77 amino acids and produces
strong chemotaxis on the cells with specific and
nonspecific immunological reaction. Both IL-6
and IL-8 are the key cell factors participating in
the inflammatory reaction of organism. In recent
years, the research showed that they also took
part in the growth, invasiveness, and metastasis
of tumor.

In 1994, Ueda et al. [29] found the level of IL-6
and IL-8 in the colorectal cancer patient before
operation was apparently higher than those in the
healthy person. The concentration of IL-6 and
IL-8 was related to that of CA199. Also, the con-
centration of IL-6 and IL-8 in the hepatic metasta-
sis patient was apparently higher than those
without the hepatic metastasis. The further
research also proved it [30, 31] and showed that
the expression of IL-8 in the normal intestinal
mucosa, primary tumor, and hepatic metastasis tis-
sue was successively raised. The high expression
of IL-8 in the primary tumor caused the high risk
of hepatic metastasis. In addition, the Japanese
specialists [32] reported the higher level of IL-8 in
Dukes’ C tumor venous blood meant the high risk
of hepatic metastasis after operation.

6.1.8 Macrophage Migration
Inhibitory Factor (MIF)

In 1966, MIF was discovered. As the lymphokine
is produced from activated thymus-dependent
lymphocytes, MIF could repress the macrophage
during in vitro test. MIF is the multifunctional
protein which is composed of cell factor, neuro-
endocrine hormone, and enzyme property. In
recent years, it was found that MIF participated
in the reproducing and disintegration of cells.
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Also, it is closely related to the evolution, angio-
genesis, and metastasis of tumor. Repression of
p53’s antitumor function may be one of the
mechanisms for tumor promotion [33].

He Xingxiang et al. [34] reported that the
expression of MIF in colorectal cancer tissue was
apparently higher than that in the normal intesti-
nal tissues around the cancer. The expression of
MIF in primary tumor of hepatic metastasis and
serum was higher than that in the person without
hepatic metastasis. Also, MIF level in the serum
was the independent risk factor to affect the
hepatic metastasis (OR=1.25, 95% CI=1.02-
1.52, P=0.03). Meanwhile, the animal experi-
ment was used to certify MIF depressant could
reduce the tumor load of tumor-bearing mouse.

6.2 Application of New
Technique in the Genetic
Diagnosis on Colorectal
Cancer Hepatic Metastasis

6.2.1 Application of Proteomics

in the Colorectal Cancer
Hepatic Metastasis

With the smooth implementation of human
genome project, the protein-based proteomics
has gradually become one of the most vital fields
in life sciences [35]. The protein rather than
nucleic acid is the specific executor and reflector
of vital movement. Therefore, the research at the
level of proteomics is demanded on such aspects
as pathogenesis of colorectal cancer hepatic
metastasis as well as sensitive and specific mark-
ers used in clinical treatment.

2-DE is the method mainly used in the pro-
teomics. According to the different electric charges,
the protein specimen is separated through isoelec-
tric focusing, so that various proteins are further
separated via different molecular weights. By the
use of silver staining, 3,000 protein points are
obtained from one gel. Then image analysis is con-
ducted via software to screen out the protein with
differential expression, and the mass spectrometric
techniques such as MALDI-TOF-MS are used to
decode [36]. In terms of colorectal cancer hepatic

metastasis, current researches are still not enough.
Bai Xue et al. [37] adopted the above methods to
compare the protein expression of primary tumor
and hepatic metastasis of colorectal cancer, so as to
find 46 differential protein points and make the
assessment on 20 protein points hereof. The result
showed the expression of activator protein factor
2B and adenosylmethionine mutant was decreased
in the hepatic metastasis. The expression of zinc
finger protein 64 homologue, guanylic acid inter-
change factor 4, human arginase, human glutathi-
one S-transferring enzyme A3, and tumor necrosis
factor a-induced protein 9 was increased during the
hepatic metastasis. Zhang Yingnan et al. [38] also
used the similar methods to find the high expres-
sion of Cdc 42 in the hepatic metastasis. Also,
Western hybridization was used to verify that the
positive rate of Cdc 42 was 100 % in the hepatic
metastasis, while only 16% in the primary tumor
and no expression in the intestinal mucosa around
the cancer. Li Zuguo et al. [39] used nude mice
model and 2-DE successfully evaluated five
remarkably increased proteins in serum after
metastasis of SW480-EGFP: haptoglobin « chain,
apoprotein A4, apoprotein E, immunoglobulin type
K area VL chain, and transferrin.

In recent years, based on surface-enhanced laser
desorption/ionization time-of-flight mass spectrom-
etry (SELDI-TOF-MS), the protein fingerprint was
used to diagnose various malignant tumors and
screen out the new tumor markers. Based on the
above technique, the protein chip series could com-
bine with various proteins in the tested specimen via
nonspecificity. When attacked by the laser in the
mass spectrometer, various bonded proteins could
be stimulated to form the gasified ions. Due to the
different flight time of the ions with different mass-
to-charge ratios, m/z, the ions could be reflected by
the receiving device according to the difference,
quantity, and strength thereof so as to form the rel-
evant map for analysis and judgment (Fig. 6.1) [35].
As per the SELDI research result on colorectal can-
cer, it was still at the stage of pre-operation detec-
tion model establishing and preliminary screening
of markers, while the hepatic metastasis-related
studies were unavailable [40, 41].

Chen Yiding et al. from Tumor Research
Institute of Zhejiang University [40] adopted
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Fig. 6.1 Functional diagram of SELDI-TOF-MS (Reprint with permission from Shu [36])

SELDI-TOF-MS and H4 chip to test 42 patients at
the stage of Dukes” A—C and 13 patients at the stage
of Dukes’ D, so as to find out three remote metas-
tasis protein markers with mass-to-charge ratios of
5.5 kDa, 5.4 kDa, and 17.4 kDa and to find that the
patients at the stage of D were obviously more than
those without remote metastasis. Xu Wenhong et al.
[42] adopted CM ten chip to set up the diagnosis
model to judge Dukes’A—C and Dukes’ D. Such
model was composed of three protein peaks,
namely, 6.9 kDa, 2.1 kDa, and 8.6 kDa. The pre-
cision ratio thereof reached 75.0%. Shi Yijiu [43]
analyzed 36 cases of SELDI patients with/without
hepatic metastasis so as to establish the predictive
model for hepatic metastasis of serum. Also, 44
patients with/without hepatic metastasis were used
to conduct blind verification on the established
model. The sensitivity and specificity of verification
were, respectively, 75.0 % and 81.8 %.

6.2.2 Application of Gene Chip
Technology in the Hepatic
Metastasis of Colorectal
Cancer

Since Affymetrix developed the first gene chip in
the world in 1996, the gene chip technology was
well accepted thanks to its high flux reactor, high
velocity, and high automation. In recent years,
this technique was widely used in the tumor
research area. It not only provided powerful tools
for the study on deactivation and activation of

related gene in occurrence and development of
tumor but acted as the new weapon to diagnose
and treat the tumor [36].

Lin et al. [44] used this technique to compare
the gene expression spectra of 48 primary tumor
and 28 hepatic metastasis; also, 778 genes with
differential expression in these two groups were
found. The tissue reestablishing and immune
response-related genes were increased in hepatic
metastasis as compared with those in primary
tumor. However, the genes related to cell multi-
plication and oxidative phosphorylation were
decreased. The author adopted some genes hereof
to verify via quantitative PCR: osteopontin,
human versican, ADAM 17, CKS 2, PRDX 1,
CXCR 4, CXCL 12, and LCN 2. Also, they were
related to the invasive metastasis and clone of
gene and tumor as the hepatic metastasis was
increased. The decrease of cell multiplication-
related gene may prompt the speed of cell multi-
plication in metastasis may slow down as
compared with those in the primary tumor. Ki
et al. [45] conducted entire genome analysis on
the tissue specimen which was matched to nor-
mal tunica mucosa/primary tumor/hepatic metas-
tasis. As the specific genes of organ were
removed, 46 genes with hepatic metastasis were
chosen; also, WNT 5A and carbonic anhydrase 11
hereof were verified. Meanwhile, the differential
expression was found in 21 of above 46 genes in
terms of primary tumor with/without hepatic
metastasis. Nadal et al. [46] summarized a plural-
ity of gene chip researches on hepatic metastasis
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Table 6.2 Major hepatic metastasis genes currently
selected by gene chip

Expression of
hepatic metastases
Hepatic metastasis- (vs. primary
related gene Function tumor, IHC)
E-Cadherin Adhesion Decrease
EpCAM Adhesion Unclear
P-lectine and Adhesion Unclear
L-lectine
CEA Adhesion Unclear
avps Adhesion and | Unclear
cell survival
sLex and sLea Adhesion Increase
OPN Adhesion, cell | Increase
survival, and
motion
ICAM-1 Adhesion Unclear
VCAM-1 Adhesion Unclear
CD44v6 Adhesion Unclear
Cathepsin B Invasiveness Unclear
MMP-7 Invasiveness Increase
MMP-2 and Invasiveness Increase
MMP-9
Angiopoietin Angiogenesis Increase
EGFR Growth Equivalent
uPAR Invasiveness, Unclear
motion, and
dormancy
VEGF Angiogenesis Equivalent
TSP-1 Angiogenesis Unclear
Angiostatin Angiogenesis Unclear
Endostatin Angiogenesis Unclear
dThdPase or Angiogenesis Unclear
PDECGF
c-erbB-2 Growth Unclear
c-Src/p-Arrestin 1 | Growth Unclear
FAS (CD95) Death Decrease
TRAIL Death Unclear
(TRAIL-RI,
TRAIL-R2,
TRAIL-R3, and
TRAIL-R4)
Nm23-H1 and Metastasis Unclear
Nm23-H2 suppressor gene
PRL-3 Motion and Increase
invasiveness

IHC immunohistochemistry

of colorectal cancer. Also, the major hepatic
metastasis-related genes were listed currently
(Table 6.2).
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Diagnostic Value of Ultrasound
in Metastatic Liver Cancer

Wenping Wang

Metastatic liver cancer is a common clinical
disease. As the liver has a dual blood supply with
abundance of blood flow, thus it is one of the most
common sites for metastases of malignant tumors.
About one-third of metastases of malignant tumors
involve the liver. The common primary tumors
derive from the gastrointestinal tract, pancreas,
gallbladder, lung, nasopharynx, kidney, mammary
gland, melanoma, etc. It was reported that 15-25 %
of patients diagnosed with colorectal cancer are
accompanied by liver metastases and a further
25-50 % of patients show delayed liver metastases
3-5 years after the operation for primary cancer.
Therefore, early diagnosis of metastatic liver can-
cer has great significance for deciding treatment
scheme and improving patient’s survival time. At
present, the imaging technique is the main nonin-
vasive technology used in clinical diagnosis of
metastatic liver cancer, including CT, MRI, nuclear
medicine, PET/CT, ultrasound, etc., among which
the ultrasound technology, which is characterized
by accuracy noninvasiveness, simplicity, cheap,
and conducting of repeat examination, has became
the most preferred method of examination in clini-
cal diagnosis of liver diseases.
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7.1 Ultrasound Technology
Ultrasound examination technology is an effi-
cient and practical examination technique devel-
oped after radiology and nuclear medicine
technology. Currently, there are many types of
ultrasound examination technologies being used
in clinical practice, among which the most com-
monly used are as follows.

7.1.1 Conventional Gray-Scale

Ultrasound

Conventional gray-scale ultrasound is more
commonly known as B-mode ultrasound and
also a cross-sectional ultrasound, which is the
most widely used technology in ultrasound
examination. It shows in the form of two-
dimensional image, also known as ultrasonog-
raphy, with different brightness through signals
(ultrasound term “echo”) reflected by organs or
lesions, and it’s a two-dimensional cross-sec-
tional image showing the anatomical organs or
lesions in a real-time manner, i.e., continuous
dynamic display of cross-sectional images.
Clinical diagnosis is often made based on the
change in echo and can be used for the detec-
tion and localization of lesions with which part
of cases may give preliminary diagnoses.
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7.1.2 Color Doppler Ultrasound

Based on conventional gray-scale ultrasound to
show signals reflected from moving blood in dif-
ferent colors by using the principle of the Doppler,
the two-dimensional image presenting blood
information of the organ or lesion, can use Pulse
Doppler to detect colorful blood flow and thus to
determine whether the blood flow is arterial or
venous flow. It can also be used for the detection
of hemodynamic parameters, such as velocity,
resistance index (RI), etc., offering abundant
information for qualitative diagnosis of lesions.
Although it is a necessary complement to conven-
tional gray-scale ultrasound, color Doppler ultra-
sound often reflects blood flow within thick-walled
blood vessels and has difficulties in reelecting that
in thin-walled blood vessels.

7.1.3 Contrast-Enhanced
Ultrasound

Contrast-enhanced ultrasound is a new technol-
ogy developed in recent years. By injecting spe-
cific ultrasound contrast agent and adopting
matching contrast-enhanced ultrasound, it can be
used to observe the enhancement and perfusion
situation of blood flow in organs and lesions and
presents in the form of two-dimensional and real-
time images. Contrast-enhanced ultrasound
makes diagnose based on the change in the
upward enhancement and blood perfusion of
liver tumor. Comparing with color Doppler ultra-
sound, it shows the blood flow in a more sensitive
way. At present, this technology has been widely
used for detection and diagnosis of intrahepatic
space-occupying lesions, therapeutic follow-up
after treatment, etc.

7.1.4 Interventional Ultrasound

It uses real-time feature of ultrasound, under the
guidance of ultrasound image, to carry out local
treatment including biopsy, radio frequency (RF),
microwave, and percutaneous ethanol injection
and has been part of the interventional imaging

W. Wang

characterized by minimal invasiveness, accuracy
and effectiveness.

7.1.5 Intraoperative Ultrasound

Put special ultrasound probe (mainly featuring
small probe, high resolution, sterilizable, etc.)
directly on the surface of the liver in abdominal
surgery to detect lesions that are difficult to be
detected by using common ultrasound, which
helps to locate and determine the nature of
lesions.

7.1.6 Laparoscopic Ultrasound

Put the tiny probe on laparoscopy by using lapa-
roscopy and ultrasonic technology to scan the
liver in operation so as to improve the success
rate of laparoscopic operation.

7.2  Ultrasonographic
Manifestations of Metastatic
Liver Cancer

7.2.1 Conventional Gray-Scale

Ultrasound

Metastatic liver cancer usually manifests in
two-dimensional ultrasonograph as intrahe-
patic multiple space-occupying lesions. Since
metastatic tumors derived from different tis-
sues can present ultrasonographs and ultraso-
nographic manifestations with their own
characteristics, clinical ultrasonography is
often analyzed and diagnosed from the follow-
ing aspects.

7.2.1.1 Morphology

Metastatic liver cancer usually manifests
variedly in ultrasonographs with different mor-
phologies. The small ones are mostly round in
shape, while the larger ones are oval or irregular
and may observe liver surface projections.
Where there are relatively more metastases, the
lesions may be diffusely distributed or integrated
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into mass. Areas of homogeneous high echo-
genicity with multiple nodules gathering at one
lobe are like grapes in shape, therefore named
“grape-like cluster.”

7.2.1.2 Boundary

Most of them are clear and smooth and may be in
irregular shape with the typical ones in the shape
of “target ring,” “bull-eye,” or halo showing
round-shape tumor and regular form; the internal
is a high echo area which usually has echoless
area in the center resulting from tumor necrosis
and liquefaction; the periphery of high echo area
is surrounded by a wide low-to-echoless area.
“Target ring” is a characteristic of liver metastatic
tumor and can be observed in a variety of tumor
metastasis, among which the most commonly
found is in gastrointestinal tumors.

7.2.1.3 Number

Metastatic liver cancer is characterized by mul-
tiple tumors. However, cases of solitary tumor
have been showing increasing trend year by
year. The former case characterized by multiple
tumors may sometimes be distributed diffusely
or infiltratively, presenting as (1) small liver
metastases distributed diffusely (ultrasono-
graph indicates small intensive spot echoes dis-
tributed evenly, crude echo in the liver, unclear
shape, and boundary of tumors showing hepa-
tomegaly and deformation) and (2) “dark liver”
(malignancies mostly seen in hematopoietic
system in particular malignant lymphoma). The
malignant cells proliferated diffusely and infil-
tratively in the liver result in the enlargement of
the whole liver and reduction in the echo; thus
low echo is observed in the liver, which is
known as “dark liver.”

7.2.1.4 Size

The diameter of metastatic liver cancer is varied
from a few millimeters to tens of centimeters.
The smallest one can be found in conventional
gray-scale ultrasound. Five to 10 mm or so
lesions are observed which may be related to
many factors, such as tumor location; ultrasound
of small lesions near liver capsule or diaphragm
is difficult to be observed.
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7.2.1.5 Internal Echo
According to the level of the lesion, it can be
divided into the following types:

Hypoechoic Type

Itis a typical lesion echo. Internal echo of tumor
is lower than that of the liver parenchyma
(Fig. 7.1) with uneven distribution, clear
boundary, and multiple haloes, the manifesta-
tion of which is similar to that of the hyper-
echoic hepatocellular carcinoma, usually found
in metastatic liver cancer, such as breast,
stomach, esophagus, intestinal, and other
adenocarcinomas.

Hyperechoic Type

The echo of lesion is higher than that of the liver
parenchyma with the internal area presents
hyperechoic area (Figs. 7.2a and 7.3), and the
echo is either even or uneven both with com-
monly seen clear boundaries. Hyperechoic type
is often found in gastrointestinal tract or urinary
tract tumor metastasis.

Anechoic Type

The echo of lesion is similar with that of the
endovascular (it’s black in screen), called
anechoic lesion. It mainly refers to the situation
that large areas of liquefaction necrosis are
observed in lesions and often seen in metastatic
adenocarcinoma with secretory function. It has
multilocular inner structure; the separate walls of
different thicknesses may have papillary projec-
tions with clear boundary (Fig. 7.4). Anechoic
type is often found in metastatic adenocarcinoma
with secretory function or malignant stromal
tumor in the nasopharynx, ovary, gastrointestinal
organ, etc.

Mixed Type

The lesion is often large with mainly high echo in
internal, irregular anechoic area around the cen-
ter and clear boundary. This type may also show
a high and low echo mix.

Calcified Type
It is mainly found in hyperechoic lesions of dif-
ferent shapes with attenuation in the rear and may
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Fig.7.1 (a) Single hypoechoic intrahepatic space-occupying lesion with clear boundary and regular shape. (b) Multiple
hypoechoic intrahepatic space-occupying lesions (arrow) with the same size and round or oval shape

also be found in larger metastatic lesions, often
seen in liver metastasis of gastrointestinal tract or
ovarian tumor.

Posterior Echo

Mild attenuation of tumor posterior echo can be
caused in metastatic liver cancer of large sound
attenuation; while in tumors with greater necrosis
and liquefaction, tumor posterior echo can be
enhanced.

Intrahepatic Pipeline Structure

When the metastatic liver cancer is small or less,
there will be no obvious change in the intrahe-
patic pipeline structure. But, when the lesions are
larger and more, changes, such as compression,
development, and an unclear display of portal
vein, hepatic vein, and inferior vena cava, can
occur. However, intravascular thrombosis is
rarely seen. In addition, lesions in the hilar region
often lead to expansion of intrahepatic bile duct.

Lymph Node Metastasis
Multiple enlarged lymph nodes can be presented
near the hilum, pancreas (Fig. 7.2c), and

abdominal aorta, which mainly belong to
hypoechoic type that can be conglomerated.

Liver Parenchyma

Often shows liver parenchyma with homoge-
neous and fine echo because of having no liver
cirrhosis background.

Primary Sites

If primary tumors are observed in the kidney, pan-
creas, bladder, accessories, etc., masses with abnor-
mal echo can be found in these organs, which will
provide positive support to decide that intrahepatic
space-occupying lesions are metastatic lesions.

7.2.2 Color Doppler Ultrasound

Metastatic liver cancer often has a blood supply
feature that the primary tumor has. Metastatic liver
cancer derived from varied tissues with different
levels of differentiation will present different color
Doppler ultrasound manifestations, because of
different blood supplies. Color Doppler ultrasound
can show blood supply of hepatic tumors,
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Fig. 7.2 (a) Hyperechoic intrahepatic space-occupying
lesion with clear boundary and hypoechoic dark rings in
surrounding area (arrow). (b) Liver lesion (arrow),
observing dotted color blood flow signals in surrounding

manifesting as color blood in the shape of point,
linear, or branch. Generally speaking, commonly
seen metastatic liver cancer often manifests bypass
blood flow in peripheral tumor (Fig. 7.2b), which is
then detected by pulsed Doppler as arterial blood
flow with often high resistance indexes, in which
most of them are above 0.6. As the blood supply of
metastatic liver cancer is usually less than that of
the primary liver cancer, the color Doppler blood

area (curved arrow). (¢) The same patient showing con-
glomeration of swelling lymph nodes (arrow) behind the
pancreas (arrow). SPV splenic vein, SMA superior mesen-
teric artery

flow detection rate of metastatic liver cancer is usu-
ally less than that of the primary liver cancer with
the former more abundant than the latter. Based on
the blood flow of tumor lesions, color Doppler can
often determine whether the lesion is benign or
malignant, but, it is difficult to identify a primary
lesion from a metastatic one, and the preliminary
diagnoses should be made by combining with con-
ventional gray-scale ultrasound.
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Fig. 7.3 Diffusely distributed hypoechoic intrahepatic
space-occupying lesions (arrow) of different sizes and
bereaving hypoechoic dark rings in surrounding area with
some of them being integrated

Fig. 7.4 Intrahepatic cystic space-occupying lesion,
observing material echo (arrow), low-differentiated ade-
nocarcinoma metastasis of ovarian tumor

7.2.3 Contrast-Enhanced
Ultrasound

Hepatic malignant tumors often seen in contrast-
enhanced ultrasound present rapid enhancement
and rapid decline (against liver parenchyma) and
are referred to as “rapid in and rapid out.”
Metastatic liver cancer is also usually manifested
in contrast-enhanced ultrasound as “rapid in and

rapid out” hepatic malignant tumors characterized
by enhancement (Fig. 7.5). Different from pri-
mary hepatocellular carcinoma in which the char-
acteristic enhancement way of the former is
mostly peripheral enhancement in the manner of
ring, and after that the decline often begins from
the center toward the around area with hypoechoic
change. Sometimes, the center of the lesion begins
to decline before completion of the enhancement.
Comparing with primary liver cancer, the blood
supply to metastatic liver cancer is less, which
may contribute to the above situation. In addition,
the enhancement way of metastatic liver cancer is
different with that of the primary liver cancer.

7.2.4 Interventional Ultrasound

It is a minimally invasive technique often used
when the above techniques or other imaging
techniques cannot clarify a diagnosis. By using
proper puncture needle and automated biopsy
gun, this method, under the guidance of conven-
tional two-dimensional ultrasonograph, carries
out rapid biopsy of concerned lesions to obtain
tissue blocks of 1-2 cm or so for pathological
diagnosis. Without doubt, the success of this
technique largely depends on the doctors’ expe-
riences. For a skilled doctor, the success rate, in
theory, is more than 95 %. Therefore, interven-
tional ultrasound has become an indispensable
mean in conventional clinical diagnosis.

7.3  Diagnosis and Differential

Diagnosis

Ultrasound examination of the patient with a
primary malignant tumor indicates that, for sin-
gle or multiple hypoechoic intrahepatic space-
occupying lesions, in particular those with dark
rings around and show high-resistant arterial
color blood flow, most of them can be preliminar-
ily diagnosed as intrahepatic metastatic tumors.
However, for patients with no relevant history,
especially physical discoverer, differentiation of
it from other diseases such as primary liver cancer
and hepatic hemangioma should be the main
priority.
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Fig. 7.5 (a) Hypoechoic hepatic lesion (arrow). (b) (17 s after injection of contrast agent) with obvious
Color Doppler ultrasound showing linear color blood flow  enhancement of surrounding area (arrow). (d) Decrease
in surrounding area of the lesion (arrow). (¢) Contrast-  of portal phase showing obvious hypoechoic change (47 s
enhanced ultrasound showing arterial phase of liver lesion  after injection of contrast agent)
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7.3.1 Primary Hepatocellular
Carcinoma

It is mainly singly developed with most of them
presenting varied degrees of liver cirrhosis. When
the tumor is less than 3 cm, it manifests as
hypoechoic type with dark ring around, and high-
resistant arterial color blood is often found
accompanied with symptoms such as portal vein
tumor thrombus and portal hypertension, while
patients with metastatic liver cancer often have
no portal vein tumor thrombus. In addition,
contrast-enhanced ultrasounds of the two have
obvious differences and can be easily
distinguished.

7.3.2 HepaticHemangioma

It is the most common benign tumor in the liver.
Hyperechoic metastatic cancer is sometimes
difficult to be differentiated from hyperechoic
hepatic hemangioma. The former has rear
sound attenuation, while the latter has no atten-
uation and no peripheral hypoechoic halo.
Hypoechoic hemangiomas often have internal
network echo surrounding the peripheral hyper-
echoic area. Color Doppler ultrasound of most
hepatic hemangioma indicates no color blood
flow, while small number of it may be detested
with arterial blood flow, but the resistance index
is often less than 0.6. In addition, hepatic hem-
angioma manifests itself in contrast-enhanced
ultrasound as characteristic of enhancement
from peripheral part to the center slowly which
is significantly different from metastatic liver
cancer.

7.4  Clinical Value

At present, ultrasound has been recognized as
the first choice for imaging examination of
intrahepatic space-occupying lesions. The
accurate examination and diagnosis of intrahe-
patic space-occupying lesion are of great sig-
nificance to clarify the stage of and choose
treatment for the tumor as well as determine
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prognosis. Metastatic liver cancer manifests
itself varied in ultrasonography. Clinical diag-
noses mainly give comprehensive judgments
based on conventional gray-scale ultrasound,
color Doppler ultrasound, contrast-enhanced
ultrasound, etc., and most of them can get
diagnoses. But, there are some cases that are
difficult to be diagnosed because of their com-
plexity, and in this case, interventional ultra-
sound biopsy pathological examination may be
carried out to further clarify the diagnosis.

In recent years, we have adopted the surgical
techniques that cut primary intestinal tract lesions
and at the same time primary liver metastases
derived originally from intestinal tract and
achieved better treatment result. For these cases,
accurate diagnosis of liver metastases before sur-
gery is of particularly important. The sensitivity
and specificity of conventional gray-scale ultra-
sound in diagnosing liver metastases are lower
than that of enhanced CT and MRI, especially in
terms of number detection. According to docu-
ments at home and abroad, the sensitivity of con-
ventional gray-scale ultrasound in diagnosing
liver metastases is between 40 % and 80 %; the
different research results can be varied widely.
The reasons might be that detection rate of con-
ventional gray-scale ultrasound in diagnosing
small liver metastases is low, especially in diag-
nosing metastases less than 1 cm; in addition, for
diffused liver swelling caused by infiltration of
tumors such as leukemia and lymphoma presents
no limited space-occupying lesion, it is difficult
for ultrasound to detect, thus leading to misdiag-
nosis (Fig. 7.6a).

The application of contrast-enhanced ultra-
sound has greatly improved detection rate and
accuracy of ultrasound in diagnosing liver
metastases (Fig. 7.6b) and greatly enhanced
the detection capacity of ultrasound in diag-
nosing small liver lesions because of its advan-
tages of real time and continuity compared
with CT/MRI. According to existing literature
reports, the smallest liver metastatic lesion
detected by contrast-enhanced ultrasound is
between 2 and 4 mm. Meanwhile, the detection
rate of metastatic liver cancer is increased
by 20-30% because of contrast-enhanced
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Fig. 7.6 (a) Patients
Intrahepatic space-occupying lesion is not found by con-
ventional gray-scale ultrasound. (b) Showing diffused dis-

with malignant lymphoma.

ultrasound application. A number of studies,
including studies widely conducted by numer-
ous foreign research centers, also indicate that
after the implication of this technique, the sen-
sitivity and specificity of ultrasound in diag-
nosing metastatic liver cancer have been
increased by 94% and 98 %, respectively,
which can achieve equal effects with enhanced
CT/MRI and even better than the latter, espe-
cially in detecting small liver lesions. In addi-
tion, as metastatic liver cancer has a
manifestation of enhancement in contrast-
enhanced ultrasound different from primary
liver cancer, the qualitative diagnosis of ultra-
sound for this disease is significantly improved,
especially in differentiating metastatic liver
cancer from primary liver cancer, which were
difficult to be differentiated by using conven-
tional ultrasound including color Doppler in
the past. Undoubtedly, the application of con-
trast-enhanced ultrasound is of great
significance.

When there are multiple smaller metastatic
lesions in the liver, especially for the one that has
less than 1 cm, lesions are often difficult to be
detected in surgery, during which ultrasound can
help to locate small lesions and guide the surgeon
remove the lesion precisely. Furthermore, intra-
operative ultrasound can help to detect lesions

tribution of hypoechoic slice shape liver lesions after
injection of ultrasound contrast agent

difficult to be identified before the surgery, such
as lesions at the top of the liver and diaphragm;
those lesions cannot be presented easily by con-
ventional ultrasound due to interference of air in
the liver and lead to misdiagnosis, while by using
intraoperative ultrasound, this concern will be
avoided, as in this technique, the probe will be
placed directly on the surface of the liver.

For highly suspected metastatic cancers and/
or cases with unknown primary tumors, biopsy
guided by ultrasound can help to clarify the
nature of lesions while determining sources of
primary tumors. For inoperable cases, radio fre-
quency, microwave, and percutaneous ethanol
injection therapy guided by ultrasound are the
commonly used treatment methods. In addition,
radio frequency and microwave can also be used
to treat early metastasis. It has been reported that
the effectiveness of ultrasound-guided radio fre-
quency or microwave ablation therapy on meta-
static liver cancer less than 3 cm is the same with
that of surgery.

Certainly, due to the special nature of
ultrasound technique, i.e., largely dependent on
operation skill and clinical experience of the
doctor, the subjectivity of the diagnosis is larger
compared with CT and MRI techniques. When
the application of ultrasound technique is insuf-
ficient to make a determination, it is necessary to
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carry out comprehensive determination by com-
bining with other imaging techniques and clinical
examination.
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The Differential Diagnosis
of Hepatic Metastasis by CT

and MRI

Mengsu Zeng

In addition to ultrasound (US) screening, the cur-
rent diagnostic imaging techniques of liver
lesions are computed tomography (CT) and mag-
netic resonance imaging (MRI), which are the
most commonly used noninvasive techniques.
With constantly updated technology, CT and
MRI machines have developed into a multispiral
CT (320 layers/circle scan) and high-field-
strength MRI machines (3 T); the scanning speed,
tissue contrast, and spatial resolution have been
significantly improved, and so have the diagnos-
tic sensitivity, specificity, and accuracy. It also
plays an extremely important role in the meta-
static liver cancer detection, differential diagno-
sis, treatment, and follow-up work [1-3].

8.1 CT and MRI Technology

8.1.1 CT Technology

Patients are required to fast for more than 8 h or at
least 4 h before the scan and take 1,000-1,500 ml
of water orally half an hour before the scan to fill
the gastrointestinal tract, and this can overcome air
artifact, so that the gut lumen and wall can be dis-
played clearly and the relationship between the
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intestinal tract and its adjacent structures can be
known. Normally liver scan includes plain and
enhanced scan. Enhanced scan is very important
and almost indispensable. Enhanced scanning is
performed after the injection of nonionic iodine
contrast agent from peripheral vein, which then is
mainly distributed in the artery, portal vessels
(including vein), and organ parenchyma.
Accordingly, the enhanced scan is called the scan
of arterial phase, portal venous phase (venous
phase), and the substantial balance of the entire
liver (layer thickness <5 mm, pitch <1.5). The fol-
lowing must be emphasized:(1) the total amount
of nonionic iodine contrast agent must be calcu-
lated at 1.5-2 ml/kg of total body weight, and
injection rate should be 3 ml/s; (2) the scan delay
time of each phase (calculated when the injection
of nonionic iodine contrast agent begins) (arterial
phase, 30+5 s; portal venous phase,80+5 s; sub-
stantial balance phase, 180 s); (3) iodine contrast
agents should be used with caution to patients who
have history of drug allergy or severe renal insuf-
ficiency; (4) to display the hepatic artery and por-
tal vein and hepatic vein-based CT angiography,
the appropriate layer thickness should be <1.5 mm;
and (5) during the scan, the patient should hold the
breath in order to avoid scan plane beating and
missing lesions; therefore, the patient’s breathing
should be trained before the examination. They are
required to hold the breath in a calm state in order
to maintain the consistency of each breath. This
point is very important.
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8.1.2 MRI Technology

Patients are only required to fast more than 4 h
before the scan. There is no need to make special
preparation under normal circumstances, and can
also oral negative MRI contrast agent (such as
dilute barium, etc.). Spin echo or fast spin echo
(SE/FSE) and gradient echo (GRE) techniques
are commonly used in liver check with MRI. The
following can be used if necessary:

1. Diffusion  weighted imaging (DWI):
Complimentary to SE, FSE, and GRE
sequences; it can improve the sensitivity of
lesion detection and differential diagnosis
capabilities.

2. Perfusion weighted imaging (PWI): The liver
perfusion can be understood with PWI; there-
fore, doctors can have a quantitative and/or
semi-quantitative understanding of liver func-
tion and liver blood supply.

3. Magnetic resonance cholangiopancreatogra-
phy (MRCP): It can display intrahepatic bile
duct, common bile duct, cystic duct, hepatic
duct, pancreatic duct morphology, and their
mutual relations.

SE T1-weighted (T1W) and FSE T2-weighted
fat suppression (T2W + FS) axial images (layer
thickness <5 mm, interval <3 mm) are normally
used in liver scan. If jointed with real-time navi-
gator and trigger technology, a better image can
be collected. Liver examination with MRI
focuses more on plain + enhanced scanning
with GRE TIl-weighted fat suppression
sequences. After the injection of magnetic reso-
nance contrast agent (usually gadolinium—dieth-
ylenetriamine pentaacetic acid, Gd-DTPA) from
peripheral vein, enhanced 2D or 3D fast axial
scanning is performed through breath-hold GRE
T1-weighted fat suppression (2D layer thick-
ness <7 mm, interval of <3 mm; 3D layer thick-
ness <5 mm), and breath-hold requirements are
the same with CT. GRE T1-weighted fat sup-
pression sequence scanning is fast, especially
the latest high-strength-field, high-gradient,
high-switching-rate, and multi-channel sam-
pling of the aircraft, as with the spiral CT, after
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injection of Gd-DTPA, and can finish the whole
liver scan in artery, portal vein, and substantial
balance phase of the liver. Generally, Gd-DTPA
total injection is 0.4-0.5 mmol/kg of body
weight (in total about 30 ml), 2-3 ml/s of injec-
tion rate. At the same time, according to the
clinical condition of patients, the coronal
enhanced scanning which mainly shows hepatic
vessel can be used (using the 3D scan of GRE
T1-weighted fat suppression, layer thickness
<1.5 mm).

In addition to commonly used extracellular
Gd-DTPA, the liver-specific contrast agents cur-
rently used in clinical area are mainly three types:
(1) Mn-DPDP, which is absorbed by the hepatic
cells and excreted by biliary, is mainly used to
shorten the T1 relaxation; (2) SPIO and USPIO,
absorbed by mesh endothelial cells (including
macrophages and Kupffer cells), mainly shorten
the T2 and T2 * relaxation; and (3) contrast
agents of dual functions, absorbed by extra cells
and hepatic cells and excreted by biliary, such as
Gd-BOPTA (MultiHanceR), Gd-EOB-DTPA
(PrimovistR), etc., are used to shorten the T1
relaxation. (1) and (2) liver-specific contrast
agents are used mainly as the supplementary to
contrast agents in extracellular Gd-DTPA exami-
nation, while the contrast agents of dual func-
tions are expected to replace Gd-DTPA and
become the common or preferred contrast agents
in MR examination.

8.1.3 The Clinical Value of MRI
and CT Technology

The liver with CT and MRI examination may
help clinicians accurately understand:

1. The location, size, and number of metastatic
liver tumors

2. The relationship between foci and the sur-
rounding blood vessels, in particular, with or
without the portal vein and hepatic vein
involvement, or cancerous thrombi and throm-
bosis and their identification

3. With or without hilar and retroperitoneal
lymph node metastasis
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4. Whether there are the cirrhosis, portal hyper-
tension, collateral blood vessel formation,
ascites, splenomegaly, etc.

5. Measure the state of liver volume and the
blood perfusion and understand liver func-
tions indirectly

8.2 CTand MRI Diagnosis
and Differential Diagnosis

of Hepatic Livers

The liver is the largest substantial viscera in
abdominal organs. Among the noninvasive diag-
nostic imaging tools, CT and MRI are the most
widely used and effective screening tools. It is
significant in the diagnosis of liver lesions. The
common malignant tumors of livers are HCC,
metastatic carcinoma, and cholangiocellular car-
cinoma; benign tumors include cavernous hem-
angioma, hepatic adenoma, and angiomyolipoma;
tumorlike lesions include focal nodular hyperpla-
sia, inflammatory pseudotumor, cyst-like lesions,
focal fatty livers, and so on. Most of these occu-
pying lesions have manifestations on CT and MR
and can be identified to help or guide clinical
decisions or treatment.

The Features of CT and MRI
for Hepatic Metastasis

8.2.1

Hepatic metastasis: Hepatic metastasis can be
single or multiple. The most common metastasis
is gastrointestinal tumor metastasis, followed by
lung cancer, breast cancer, pancreas cancer, gall-
bladder cancer, ovarian cancer, renal cancer, thy-
roid cancer, and nasopharyngeal cancer. The
features of colorectal liver metastasis are similar
to that of other liver metastasis. They display
low-density, occasionally slightly calcified, or
mucus-like image in the center of lesions through
the plain CT scan, which are of great help to the
diagnosis of hepatic metastasis. Most hepatic
metastasis are lack of blood supply, while a small
number of lesions are rich in blood supply. So
enhanced scans in arterial phase generally
enhance the unobvious or only enhance the edge

by rim enhancement, while the typical ring
enhancement of the edge of lesions is often visi-
ble by the enhanced scans in portal venous phase,
in particular, the concentric “bull’s-eye sign” or
“target sign” is typical in diagnosing hepatic
metastasis (see case 1). With MRI, SE sequence,
the lesion often shows low signals on T1W image
and slightly higher signals onT2W image. If
there is clear necrosis or cystic change in tumors,
it can show high signals on T2W image clearly.
With enhanced scans, it can be presented with
edge-enhanced “bull’s-eye sign” or “target sign”
and sometimes similar to the “petallike” structure
(see cases 2 and 3). MRI, in particular DWI, T2W
image, and enhanced image, can detect lesions
with high sensitivity. Besides, hepatic metastasis
is less likely to cause liver subcapsular rupture
and portal vein tumor thrombus. In the mean
time, the hilar, abdominal, and retroperitoneal
enlarged lymph nodes are also found to show ring
enhancement, which is helpful for diagnosis.

8.2.2 Differential Diagnosis

8.2.2.1 Hepatocellular Carcinoma (HCC)
Hepatocellular carcinoma (HCC) occurs usually
in the “hepatitis B,” “hepatitis C,” and the high-
risk patients with liver cirrhosis. With CT plain
scan, liver lesions often show relatively low den-
sity, regular or irregular edge, and sometimes
even low-density ringlike pseudocapsule in the
lesion edge, which is quite characteristic for
diagnosing liver cancer. Most of the HCC, par-
ticularly small hepatocellular carcinoma lesions,
are rich in blood supply — supplied by the main
hepatic artery. If with enhanced scan in arterial
phase, tumor enhancement is very clear, showing
high density, in contrast, in portal phase, it is
showing low density (see case 4). This “sped-
ascend and sped-descend” enhancement form is
the feature of CT in diagnosing hepatocellular
carcinoma [4, 5].

With MRI examination SE sequence, HCC
often shows low signals on TIW image and
slightly higher signals on T2W image. It is more
likely to find pseudocapsule of liver cancer on
MRI than by CT. There are usually low-signal
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ringlike images on TIW and T2W images. MRI
and enhanced CT findings of liver cancer are
similar by dynamic enhanced scanning with GRE
sequences, that is to say, the lesion shows signifi-
cantly higher signals with enhanced scans in arte-
rial phase, while in portal vein phase, it shows
low signal (see case 5).

Liver cancers, particularly large hepatocellu-
lar carcinoma and invasive liver cancer, easily
invade the portal vein and hepatic venous system
and can cause the tumor thrombus of portal and
hepatic veins as well as the inferior vena cava.
Blood metastases of liver cancer are common,
such as lung metastasis and bone metastasis;
lymph node metastases are rare, only 10-20 %,
and are mainly enlarged lymph nodes of liver
portal, adjacent structure of the head of pancreas,
and posterior peritoneum. The liver capsule
indentation, also called “liver capsule contrac-
tion,” appears after the invasion of liver capsule
by liver cancer, which has some value in differen-
tial diagnosis [6]; liver tumors, associated with
macroscopic tumor thrombus in the bile duct, are
rare. According to data of the liver cancer insti-
tute in our hospital, only 0.76 %. Besides, the bile
duct dilations are relatively rare, caused by the
invasion of intrahepatic and hepatic portal bile
duct by liver cancer.

8.2.2.2 Cholangiocellular Carcinoma

Cholangiocellular carcinoma: Intrahepatic bile
duct carcinomas are rare. According to locations
of their occurrence, they can be divided into
peripheral cholangiocellular carcinoma and hilar
cholangiocellular carcinoma. Peripheral cholan-
giocellular carcinoma occurs in the left lobe of
the liver, especially in the left lateral lobe, which
with plain CT scan shows low density and less
clear edge and is often accompanied by cystic
degeneration, hemorrhage, necrosis, and occa-
sional calcification. There are signs of intrahe-
patic bile duct dilation in the remote lesions (see
case 6). Hilar cholangiocellular carcinomas are
generally associated with the extensive and clear
dilation of intrahepatic bile duct. Clinically, the
patients are often with jaundice. On MRI scan
with SE sequence, hilar cholangiocellular carci-
nomas are often presented with low signal on
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TIW image. If associated with subacute or
chronic hemorrhage, they show high signal zone.
They are also presented with high signal on T2W
image; if associated with calcification, they show
dark zone with signal avoid. The lesion enhance-
ment is not obvious on CT and MR enhanced
scan with GRE sequences in arterial phase,
and mainly are the edge enhancement. The lesion
enhancement continues with enhanced scans
in portal venous phase or delayed phase,
and the enhancement scope tends to expand.
Cholangiocellular carcinoma is characterized by
delayed enhancement; with the dilation of the
bile duct in delay enhanced zone, the diagnostic
value will be greater.

8.2.2.3 Cavernous Hemangioma

Cavernous hemangioma: It is the most common
benign tumor of the liver. It can be single or mul-
tiple. The size ranges from a few mm to more
than ten cm. On CT scan, cavernous hemangioma
is presented with low density, no capsule, and
often clear edge. It is difficult to distinguish from
small hepatocellular carcinoma without capsules
only with plain scan. On MRI scan with SE
sequence, cavernous hemangioma is presented
with low signal on TIW image. On T2W image,
the signal becomes higher and higher with the
continuous extension of magnetic resonance, as
“light bulb” becomes brighter with the improve-
ment of wattage. This is one of the characteristics
of cavernous hemangioma differing from other
liver tumors.

Cavernous hemangioma has features on
enhanced scans of CT and MRI. There are nodu-
lar or spotlike, high-density or high-signal
enhancement zone on the edge of lesions on
enhanced scans in arterial phase, which is similar
to aortic enhancement. With time, the range of
lesions continues to expand to the center. In the
portal venous phase or delayed phase, the lesions
continue to be presented with high density or high
signal (see case 7).

Individual hemangioma is smaller than 1.0 cm,
whose presentation on scan in arterial phase is
similar to that of small hepatocellular carcinoma
enhancement. The key difference of hemangioma
is its homogenous, high-density, and high-signal
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enhancement in the portal venous phase or
delayed phase, while the small liver cell carci-
noma often shows low density/low signal, which
is the main point for it to be identified [7].

Sometimes in the center of hemangiomas
(often more than 5 cm), irregular and more low-
density fiber scar zone and calcification are visi-
ble on plain CT scan. They are basically presented
with low signals on MRI TIW and T2W images
or slightly higher enhancement zone on T2W
image. The scar tissue zone is not enhanced on
enhanced CT and MRI scan.

8.2.2.4 Angiomyolipoma (AML)
Angiomyolipoma (AML): Clinically, angiomyoli-
poma is not rare. It can occur at any age and is more
common in female adults. The histological features
are three components, named mature adipose tis-
sue, smooth muscle cells, and tortuous thick-walled
blood vessels mixed in different proportions. If
with obvious fat tissue, tumors are presented with
mixed density, and shapes can be round or oval
with clear edge. The diagnosis can be confirmed if
the tumors are presented with fat density or signal
on CT and MRI scan. The diagnosis can be con-
firmed even without the enhanced scan.

For adipose tissue or fat tissue less obvious, it
is sometimes difficult to diagnose definitely with
CT and MRI, which can only provide the possi-
ble diagnosis. In general, there is almost no fea-
ture on plain CT. The tumor shows apparent
heterogeneous enhancement on enhanced CT in
arterial phase, and it continues to show a more
pronounced delayed enhancement in portal
venous phase and delayed phase. It also shows
the following features: (a) shows tortuous
enhanced vascular in the center of tumor; (b) the
edge becomes blurred in portal phase; and (c)
there is no tumor capsule, which is the clue to
diagnosis. The enhanced pattern of MRI scan is
basically the same with that of CT, but with MRI
plain scan, the tumor often shows low signal on
T1WI. The tumor on T2WI shows slightly higher
or high signal. In particular, the diagnosis can be
indicated if some signals in tumors are sup-
pressed by using fat suppression, and if there is
void vascular image within the tumors, that is
more helpful in the diagnosis [8, 9].

8.2.2.5 Hepatocellular Adenoma
Hepatocellular adenoma: It is more reported in
foreign literature. It often occurs in middle-
aged women taking birth control pills.
Hepatocellular adenoma is always associated
with bleeding. It is rarely reported in China. In
fact, the pathological identification of this
tumor and well-differentiated hepatocellular
carcinoma tumors is difficult. It is presented on
CT scan with low-density and circular image,
and the tumor necrosis is rare; therefore, the
density of tumor is evenly distributed. If there
is bleeding, slightly higher-density image or
lower-density image is available depending on
the bleeding time. The tumor capsule is usually
clear, similar to pseudocapsule of HCC. With
enhanced CT scan in arterial phase, the tumor
shows a homogeneous enhancement with high
density, the degree of whose enhancement is
basically similar to aorta enhancement. With
scan in portal phase, the tumor lesions are still
presented with equal density or slightly higher
density, which is different from the HCC. The
image findings of MRI are diversified. The
tumor is presented with mainly low signals on
T1WI, but also with high signals and analogue
signals, and slightly higher signals on T2WI,
and the minority is with analogue signals and
low signals. If accompanied with tumor hemor-
rhage, regardless of TIWI or T2WI, it often
shows mixed signals. The enhanced scan is
almost the same like CT manifestation, but
MRI is usually more sensitive to display cap-
sule than CT. In addition, some literature
reported that patients with glycogen accumula-
tion often were combined with liver adenoma.

8.2.2.6 Focal Nodular Hyperplasia (FNH)

Focal nodular hyperplasia (FNH): FNH often
occurs on the liver without cirrhosis. It is more
common on the right lobe and has no age and
sexual differences. Lesions can be single and
multiple. Microscopically, normal liver cells are
visible in lesion area. The thick-walled blood
vessels and liver tissues separated by scar tis-
sues are visible, between which are lympho-
cytic infiltration and bile duct hyperplasia but
no hepatic lobules and portal area structure.
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The typical change is the central starlike scar
tissue expanding to the surrounding (liver tissue
divided by entity scar tissue type), and individ-
ual central starlike scar tissue is replaced by the
dilation of blood vessels (dilated capillaries).
FNH is now considered to be the reactive hyper-
plasia of liver parenchyma to preexisting arte-
rial vascular malformation [10].

For typical FNH lesions, both CT and MRI
have features to easily confirm the diagnosis. CT
plain scan shows low density, with the central
starlike and lower-density zone; the form of
whole lesions is presented with round or irregular
shapes with generally clear edge. With enhanced
scan in arterial phase, the lesion enhancement is
homogeneous except the central stellate lesion.
The degree of enhancement may be similar to
that of the aorta, and even the enhanced and dis-
torted vascular image (dilated capillaries) can be
often visible in the center; the degree of enhance-
ment in portal phase and delayed phase is
reduced slightly, presenting analogue density or
low density, and the edge becomes blurred; if
capillaries are dilated, the central starlike zone
disappears in the delay phase and even changed
to spotty enhancement (see case 10), which has
special significance for the diagnosis.

On MR T1WI, the lesion often shows low sig-
nal, and the central stellate scar shows much
lower signal. On T2WI, the enhancement of
lesion signal is not obvious and sometimes even
showed analogue signals, but the central area of
dilated capillaries often shows high signal, which
has particular diagnostic value. The changes on
enhanced MRI scan are basically the same with
that of CT.

For atypical FNH lesions with no stellate scar,
their identification through CT and MRI is easily
confused with HCC. Generally speaking, in the
portal venous phase or delayed phase, HCC is
often presented with apparently low density or
low signal, while FNH is often presented with
analogue density or signal or slightly lower-
density or signal. In addition, compared with
HCC image on T2WI, the signal of FNH is a little
lower and more homogenous, which is helpful
for the diagnosis of FNH. In addition, FNH is not
coated, which can be used for identification.
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If the identification is really difficult, the liver-
specific magnetic contrast agent can be added.
Because FNH has normal liver cell function and
Kupffer cell, therefore, it can intake Mn-DPDP or
SPIO and compare it with the signal before the
injection so that the diagnosis can be confirmed. In
addition, DSA examination is also useful for fur-
ther identification. With DSA examination, nutri-
ent artery of FNH is colored from the inside to the
outward lesions and shows “dendritic” staining,
while arterial tumor of HCC is colored from sur-
rounding around tumor and shows “hold ball”
staining. This can also be used for differentiation.

8.2.2.7 Hepatic Inflammatory
Pseudotumors

Hepatic inflammatory pseudotumors are rare in
clinical area. There are less than 1,000 cases
reported in the literature so far. Etiology is
unclear. They may be related to infection,
immune status, and biliary obstruction. The
lesions are common on the right lobe. They can
be single and multiple, and the divisions between
lesions and surrounding tissues are clear. Most
lesions have no fibrous capsule. Histology
showed fibrosis and myofibroblasts and visible
capillaries, among which distribute the histiocy-
tosis, polyclonal plasma cells, and lymphocytes
with infiltration. In the mean time, there must be
coagulation necrosis.

CT scan often shows homogenous, low-density,
and unclear edge, and the shapes can be round,
oval, irregular, gourd shaped, and clustered-grape
shaped, etc. With enhanced scans in arterial phase,
lesions almost have no enhancement; in portal
venous phase, lesions show slight enhancement or
separate enhancement in the edge. A small num-
ber of lesions are without enhancement, but the
lesion edge shows more clearly than that with
plain CT scan. It often showed low signal on
T1WI, and mostly low signal or analogue signal
on T2WI, a very small number of lesions can be
presented with slightly higher signal, the form of
enhanced scan is generally the same with CT, and
some lesions can only be usually found on
enhanced scans [11].

It is worth mentioning that sometimes it is dif-
ficult to differentiate it from HCC which is lack
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of blood supply, but the lesions with gourd, and
clustered-grape shape show low density or low
signal in portal phase, in particular on T2WI,
they show low or analogue signal and there is no
lesion enhancement in arterial phase, which sup-
port the diagnosis of inflammatory pseudotumor.
In addition, chronic inflammation or chronic
abscesses are often considered as inflammatory
pseudotumors; in fact, the writer thinks that patho-
logical lesions of inflammatory pseudotumor
should be massive, besides the existent of fibrous
tissue and inflammatory cells; there also should
be coagulative necrosis. This point should be
noticed.

8.2.2.8 Hepatic Cyst

Hepatic cyst: Hepatic cyst is the common con-
genital lesion, single or multiple, or part of mul-
tiple cystic lesions. With CT scan, the lesion is
presented with round or oval, low-density, and
water-like image, and the edge is clear, wall is
thin as paper, and CT value is close to zero (see
case 8). It shows homogenous low signal on TIW
image with SE sequences, and it shows high sig-
nal like water on T2W image. There is no lesion
enhancement after the injection of contrast
medium. Complicated hepatic cyst such as infec-
tive hepatic cysts and hemorrhagic cysts some-
times are required to be distinguished from
malignant liver cancer. The manifestations of
hydatid disease of liver and hepatic cyst are simi-
lar. The asci are in mother cyst. The location and
calcification are their characteristics.

8.2.2.9 Focal Fatty Change Is Common
in the Normal Liver

Focal fatty change is common in the normal liver.
It can be single or multiple with diameter of a few
cm. Pathological features are liver steatosis with
vesicular shape, distributing diffusely in the
hepatic lobule, and the lobule structure exists. CT
scan showed a homogenous, slightly low-density
image, and the edge is clear. It shows no enhance-
ment and low signal in arterial phase and portal
venous phase, slightly higher signal on TIWI,
and high or slightly higher signal on T2WI. With
fat-suppressed TIWI and T2WI, the lesions are
presented with low signal, which is helpful in the

119

diagnosis. The manifestations of enhanced scans
of MRI are the same with that of CT.

8.2.2.10 Liver Abscess

Liver abscess: Liver abscess in early period is
sometimes difficult to distinguish with hepatocel-
lular carcinoma. The comprehensive judgments
must be made by combining clinical presentation
with laboratory findings. For difficult cases, if
necessary, doctors can have short-time follow-up
after biopsy or positive anti-inflammatory. In
abscess formation period, with CT scanning, the
lesions show mixed low density with blurred
edge; the lesion center shows low signal on TIW
with SE sequences, the wall of the abscess shows
low signal on T2W image, central liquefaction
necrosis shows high signal, and peripheral edema
regions show flap-like and slightly higher signal.
With enhanced scanning of CT and MRI, the
lesions are more typical. The abscess shows con-
centric circles like a “target sign,” which consists
of unenhanced liquefaction necrosis, enhanced
wall, and band edema in the center, or the lesion
image shows “honeycomb-like” shape on
enhanced scan, which is also quite typical (see
case 9). On CT image, the gaseous image, in par-
ticular, the gas-fluid levels are occasionally visi-
ble in the lesions, which is helpful for diagnosis
of liver abscess. In addition, liver abscess is often
accompanied by a small amount of ipsilateral
pleural fluid.

8.2.2.11 Fatty Liver

Fatty liver: The place involved with fatty liver
shows lower density using CT plain scan, and in
the place with lower density, normal liver blood
vessel image is clearly visible with relatively low
density. The enhancement of fatty liver is the
same with normal liver but still remains of rela-
tively low density. Fatty liver on MRI scan with
SE sequences, TIW and T2W images, can show
relatively high signal. If the fat suppression
technique is increased, the affected liver shows
low signal, which is more conducive to the diag-
nosis of fatty liver. It should be noted that when
part of the normal liver tissue present with ball
shape in the fatty liver, it is called “liver island”
in the radiography, which is often mistaken as a
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space-occupying lesion by ultrasound, while it
cannot be misdiagnosed by CT and MRI, the key
performances are: with enhanced scan, its change
rule is consistent with that of the already enhanced
fatty liver.

8.3  Optimization of Imaging

Procedures

Ultrasound, DSA, and PET can be also used in
imaging diagnosis of hepatocellular carcinoma.
In addition to B-mode ultrasound, there are also
Doppler ultrasound, CO2 contrast ultrasound,
and intraoperative ultrasound. Therefore, in clini-
cal practice, it is required to understand and know
how to use the diagnostic imaging technology
correctly, reasonably, and orderly. Based on our
current experience, B-mode ultrasound or
Doppler ultrasound (which may include ultra-
sound imaging) is generally preferred. If there
are some problems, it is recommended to use
enhanced spiral CT scan. If the diagnosis still
cannot be confirmed, we can use MRI, and if nec-
essary, we can use liver-specific MR contrast
agent for further examination, and the ultrasound-
guided needle biopsy is the last choice. DSA is
usually only used in the process of TACE. At
present, the sensitivity of PET in diagnosing liver
cancer is low, and specificity is relatively high,
which remains to be further studied.

M. Zeng
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Diagnostic Value of PET/CT
in Metastatic Liver Cancer

Haibo Tan and Yihui Guan

There are many diagnostic imaging methods
applicable to metastatic liver cancer, including
CT, MRI, ultrasound, etc. In some cases, the
specificity and sensitivity of these methods are
limited, because of the influence of anatomical
structures and the lack of blood supply to
lesions, making early diagnosis difficult and
delaying early treatment. Improving the early
diagnosis of metastatic liver cancer and provid-
ing a theoretical basis for early treatment are
ongoing focuses of medical and clinical medi-
cine research. Positron emission tomography
(PET) uses the distribution of positron radio-
pharmaceuticals in the body to reflect the
metabolism of physiological and biochemical
features. Fluoro-deoxy-glucose positron emis-
sion tomography (FDG PET) uses the increased
glucose metabolism in tumor tissue to identify
benign or malignant lesions and diagnose them
in the early stage as a complement to other
imaging technology. The basic principles and
application of PET imaging for metastatic liver
cancer are briefly discussed in this paper.

H. Tan (0X) ¢ Y. Guan

Department of Radiology, Zhongshan Hospital,
Fudan University, Shanghai, China
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9.1 Principles of PET Imaging
and Common Tracers
9.1.1 Principles of PET Imaging

The physics principle behind positron emission
tomography (PET) imaging is the use of a cyclo-
tron to accelerate charged particles (protons, deu-
terons) to bombard target nuclei. Positron
radionuclides (such as 11C, 13N, 150, 18F, etc.)
are produced by nuclear reactions; the appropriate
imaging agent is introduced and observed in the
target organs after the patient is placed in a thermal
chamber. During the decay process, these nuclides
emit positrons, which move short distances in the
tissue (<1 mm). These positrons interact with the
surrounding materials, causing annihilation radia-
tion that emits two photons with equivalent energy
(511 kev) in opposite directions. PET imaging
uses a series of detectors paired with each other at
180° angles and connected with DHC to detect the
annihilation photons; thus, the tomography of the
body’s positron radionuclides is formed. This
method shows the metabolism, function, blood
flow, cell proliferation, and receptor distribution of
organ and lesion cells at the molecular level to pro-
vide clinicians with detailed diagnostic informa-
tion about physiological and pathological aspects.
Such methods are known as molecular imaging or
biochemical imaging. The application of PET
imaging has introduced a new era of molecular
nuclear medicine [1].
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9.1.2 The Common Tumor
Metabolic Tracers Used in PET
Imaging

9.1.2.1 18F-FDG

18F-FDG (2-fluorine- 18-fluoro-2-deeoxy-d-
glucose) is a glucose analogue. It is the most
commonly used imaging agent in clinical set-
tings. 18F-FDG is intravenously injected and
then transported into the cell through the cell
membrane with the help of the glucose trans-
porter. The 18F-FDG in the cell is phosphory-
lased under the action of hexokinase, generating
6-PO4-18F-FDG, which differs structurally from
glucose (the hydroxyl groups of the 2-position
carbon atom are replaced by 18F) and cannot be
further metabolized. Because it cannot pass
through the cell membrane, 6-PO4-18F-FDG
remains in the cells for several hours. Its reten-
tion is almost equivalent to the glucose consump-
tion of tissue cells; therefore, 18F-FDG can
reflect glucose utilization in vivo.

Most cancer cells have a high metabolism. In
particular, malignant cells proliferate faster than
normal cells, and their energy consumption is cor-
respondingly higher. As one of the main energy
sources of cells, glucose becomes overused as a
result of the abnormal proliferation of malignant
cells; consequently, the cell aims to increase the
capacity of its membrane to transport glucose and
the activities of key regulatory enzymes in the
glucose metabolism channel. The increased gly-
colysis of malignant cells is related to the increase
in the activity of glycolytic enzymes, including
hexose kinase, 6-phosphofructokinase, and pyru-
vate dehydrogenase. At present, it is clear that the
increased mRINA expression of glucose transport-
ers in malignant tumors leads to an increase in
glucose transporters. Therefore, a large amount of
18F-FDG is accumulated in tumor cells. PET
imaging can display the tumor location, shape,
size, and number and the distribution of radioac-
tivity within the tumor. Primary and metastatic
lesions of tumor cells have similar metabolic
characteristics. Whole-body imaging can be eas-
ily performed with one injection of 18F-FDG.
18F-FDG PET whole-body imaging has a unique
value for revealing the extent of tumor involvement
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throughout the body. Clinically, for tumors, 18F-
FDG is mainly used for diagnosing benign or
malignant tumors, determining clinical staging,
evaluating efficacy, and monitoring recurrence.

9.1.2.2 Amino Acids

Amino acids are essential nutrients for the human
body. They are mainly metabolized via protein
synthesis, which changes them into enzymes and
hormones with important biological activity.
Amino acids are transformed into carbon diox-
ide, urea, and other substances and used by tis-
sues or excreted after transportation, deamination,
and decarboxylation, in which protein synthesis
is the major metabolism. Abnormal protein syn-
thesis can result from diseases and physiological
or biochemical changes. Labeled amino acids can
display abnormal changes.

Currently, thelabeledaminoacidsusedinhuman
PET imaging are L-methyl-11C-methionine
(11C-MET), L-1-11C-leucine, L-11C-tyrosine,
L-11C-Phe acid, L-1-11C-methionine, L-2-18F-
tyrosine, O-(2-18F-fluoroethyl)-L-tyrosine(FET),
L-6-18F-fluorination dopa (18F-FDOPA), L-4-
18F-phenylalanine, and 11C-and 13N-glutamic
acid. In 11C- and 18F-labeled amino acid imag-
ing, the ratio of radioactivity between tumor tis-
sue and normal tissue is high, and the image is
clear, which is useful for identifying tumor tissue
and inflammation or lesions with strong glucose
metabolism. Combining these amino acids with
18F-FDG can make up for the deficiencies of 18F-
FDG alone, and they can also be used to identify
tumor recurrence after radiotherapy changes.

9.1.2.3 Nucleotides

11C-thymidine (11C-TdR) and 5-18F-fluorouracil
(5-18F-FU) are commonly used nucleic acid
imaging agents. These agents are involved in
nucleic acid synthesis and reflect the speed of cell
division and propagation. 11C-TdR is mainly
used for tumor imaging. The results show that
11C-TdR has a rapid clearance in blood. A clear
image of a brain tumor can be obtained 20 min
after administration. 5-18F-FU can be used to
evaluate the treatment effects of chemotherapy. In
addition, 5-18F-deoxyuridine and 11C-thymidine
can also be used for tumor imaging.
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9.1.2.4 Choline

Methyl-11C-choline is the most commonly used
choline metabolic imaging agent. It is mainly used
for prostate cancer, bladder cancer, brain tumors,
lung cancer, esophageal cancer, and colon cancer
imaging. We also use 18F-labeled choline, such
as 18F-methyl choline, 18F-fluoroethyl choline,
and 18F-fluoro-propyl choline; the imaging
effects of 18F-fluoro-methyl choline and methyl-
11C choline are similar. The advantage of using
a choline metabolic imaging agent is the high
ratio of radioactivity between tumors and non-
tumors and the clarity of tumor imaging. Imaging
can be performed a short time after intravenous
administration.

9.1.2.5 11C-Acetate

11C-acetate can be absorbed by myocardial cell
and then transformed into the 11C-acetyl coen-
zyme A, which is oxidized to carbon dioxide and
water after it enters citric acid circulation. It can
reflect citric acid in the myocardial flow and is
proportional to the myocardial oxygen consump-
tion. It can also be used to estimate myocardial
viability and for tumor imaging. It has particu-
larly important diagnostic value for more highly
differentiated HCC.

9.2 Applications of PET/CT
in the Diagnosis of Liver
Metastases

9.2.1 Diagnosing the Primary

Tumor

Colonoscopy is the first clinical choice for diag-
nosing primary colon cancer tumors. Lesions can
be observed with direct vision, and pathological
findings can be confirmed by biopsy. The pri-
mary tumor of colorectal cancer can also be
detected with 18F-FDG PET imaging. While this
method has high sensitivity for detecting colorec-
tal cancer, its main clinical application is the
simultaneous detection of metastases; specifi-
cally, it is used to gain comprehensive under-
standing of the extent of disease involvement and
accurate clinical staging for clinical use to
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provide a reasonable scientific basis for treat-
ment. PET shows images of radioactive accumu-
lations because colorectal tumors have a high
uptake of 18F-FDG. Abdel-Nabi et al. studied 48
cases of colorectal cancer and reported that the
sensitivity of 18F-FDG PET imaging for detect-
ing primary colorectal cancer was 100 %, and its
specificity, positive predictive value, and negative
predictive value were 43 %, 90%, and 100 %,
respectively. Thirty-five patients with colorectal
polyposis showed no 18F-FDG accumulations.

9.2.2 Finding Metastases
in the Liver and Other Remote
Organs

More lymph node and remote organ metastases
appear in intermediate and advanced colorectal
cancer. Before and after surgical treatment, it is
important to clarify the presence or absence of
metastases, have a comprehensive understanding
of the area of disease involved, and accurately
determine clinical staging to clarify treatment
options; 18F-FDG PET offers considerable
advantages, particularly for patients with
increased serum CEA and those whose lesions
cannot be found using clinical fiber-optic colo-
noscopy, B-ultrasound, CT, MRI, and other tests.
The metastases and primary lesions of malignant
tumors have the same metabolic characteristics,
and systemic imaging can be performed with one
injection of 18F-FDG; therefore, systemic PET
imaging can not only detect the primary tumor in
an early stage but also can provide a comprehen-
sive view of the area of disease throughout the
body to provide an objective basis for clinical
staging and choosing appropriate treatments [2].

Compared with CT, MRI, and other anatomical
imaging methods, PET has the following advan-
tages: (1) hole-body imaging, in which a compre-
hensive assessment of the metabolism of various
tissues throughout the body can reveal metastasis
beyond the target organs, and (2) enhanced ability
to identify benign and malignant lesions, in which
CT and other anatomic imaging techniques can
clearly show obvious changes in the tissue struc-
ture, but sometimes it is difficult to determine the
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Coronal plane Sagittal plane

Cross section Planar section

Fig.9.1 The PET/CT image of colorectal cancer liver metastases (colonic lesions, red arrows; liver metastases, white
arrows). Coronal plane, sagittal plane, cross section, planar section

Coronal plane

Sagittal plane

Planar section

Cross section

Fig.9.2 Male patient, age 43. Liver metastases were detected 3 months after colorectal cancer surgery (liver metasta-
ses: red arrows). Coronal plane, sagittal plane, cross section, planar section

nature of these changes’ pathology. PET, which is
based on metabolism, provides CT images of tis-
sue metabolism, which makes it better able to
identify pathological characteristics that change
the nature of the structure. Therefore, PET is a
noninvasive imaging technique that can indicate
the metabolism of the normal and abnormal tissue
via quantitative detection.

Whiteford et al. reported that the sensitivity of
PET for detecting liver metastases was 89 %, while
the sensitivity of CT was 71 %. The specificity of
PET and CT was similar: 98 % and 92 %, respec-
tively. Among patients believed to have only extra-
hepatic metastasis, PET found liver metastasis in
20%. Ogunbiyi et al. reported that the sensitivity of

PET for diagnosing intrahepatic multiple metasta-
ses was also superior to that of CT (Figs. 9.1, 9.2,
and 9.3). Some studies also compared PET with
MRI (Table 9.1). FDG PET/CT is not only used for
diagnosing liver metastases, but it is also better than
other anatomical imaging methods for monitoring
therapeutic effects after treatment (Fig. 9.2) [3].
The overall diagnosis of extrahepatic metasta-
ses of colorectal cancer remains unresolved. The
sensitivity and accuracy of CT for diagnosing liver
metastases are high, but CT is not ideal for diag-
nosing extrahepatic metastasis, especially abdomi-
nal lymph node metastases, which can usually
only be diagnosed according to the size of the
lymph nodes: Enlarged lymph nodes (larger than
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Cross section

Sagittal plane

Fig. 9.3 Recurrent lesions were detected 6 months after
colorectal cancer surgery, and the liver metastases had
grown bigger (recurrent lesions, white arrows; liver

Table 9.1 Comparisons of the diagnostic value of PET,
PET/CT, and MRI for colon cancer liver metastases

PET PET/CT MRI
Accuracy (in %) 79 92 91
Sensitivity (in %) 61 84 73
Specificity (in %) 98 100 100
PPV (in %) 98 100 100
NPV (in %) 70 86 88

1 cm) are considered to be metastases; however,
many are enlarged because of chronic inflamma-
tion. Furthermore, metastases of smaller lymph
nodes are mistaken for normal lymph nodes. PET
identifies metastases according to the metabolic
activity of the lymph nodes, which is a more accu-
rate indicator than size. Research has shown that
the sensitivity of PET for detecting nonlocal recur-
rence of extrahepatic metastases is 94 %, while
that of CT is only 67 %; PET and CT have similar
specificity of 98 % and 96 %, respectively [4].

In addition, although the surgical removal of
liver metastasis of colorectal cancer is still the
most effective treatment, if the cancer is associ-
ated with extrahepatic metastases, liver surgery
alone cannot benefit patients and may aggravate
their condition. Therefore, PET is more helpful
than CT in identifying the overall situation of
patients. It can be combined with CT to select
more appropriate patients for the radical resec-
tion of tumor recurrence or metastases and to
avoid unnecessary extended resection.
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Cross section Planar section

metastases, red arrows). Sagittal plane, cross section,
cross section, planar section

Although PET has the advantages of high sensi-
tivity, good resolution, and high accuracy for diag-
nosing liver and other metastasis of colorectal
cancer, it should be used with anatomical imaging
methods such as CT and MRI and serum markers to
improve cancer diagnosis because of its low spatial
resolution and less clear display of anatomical
structures. Currently, different types of imaging
devices can be used together because of improve-
ments in medical imaging equipment; for example,
the image fusion method can be used to join the ana-
tomical image and the PET CT image, which can
then be analyzed simultaneously to provide more
accurate information for clinical diagnosis [5].

With the development of image fusion tech-
nology, PET/CT has been widely used in clinical
areas. PET/CT provides the advantages of both
the PET image and CT anatomical image. The
information from PET and CT and the joined
information from both are available in one image.
This method has significant value for tumor diag-
nosis, staging, restaging, and efficacy monitoring
[6]. Compared with conventional PET, PET/CT
has the following advantages:

e Significantly reduced image acquisition time
and increased patient turnover

e Improved accuracy of lesion orientation,
which is beneficial for improving the
interpretation of PET images and reducing the
false-positive and false-negative rates of PET
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Diagnostic accuracy superior to that of PET or
CT alone combined with the joint view of PET
and CT

CT can promote the detection of FDG uptake-
negative tumors

PET/CT can orient the biological target vol-
ume (BTV) of tumors to guide the precise for-
mulation of a radiotherapy plan

The value of CT in PET/CT is greater than its
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Surgical Treatment of Rectal

Cancer

Jin Gu

Rectal cancer operation is commonest in clinic,
especially in colorectal surgery. Usually, the radi-
cal resection of rectal cancer includes abdomino-
perineal resection (APR); Chinese surgeons often
use Miles operation, low anterior resection
(LAR), and Hartmann’s operation. So far, the
minimally invasive surgery under laparoscope for
middle or lower rectal cancer and the transanal
endoscopic microsurgery (TEM) for early rectal
cancer have developed rapidly. However, due to
the limitation of devices or technical condition,
they cannot be popularized in a short time. The
anatomical background and the steps of transab-
dominal APR, LAR, and Hartmann’s operations
are introduced in this chapter.

10.1 Practical Anatomy Relevant
to Radical Resection

of Rectal Cancer

10.1.1 Anatomical Segment
of the Rectum

According to the classical anatomy, the rectum
usually consists of three parts [1]: the lower seg-
ment usually indicates the area 3—-6 cm to the
anus, the middle segment is 6—10 cm to the anus,
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and the upper segment is 10—15 cm to the anus.
The upper one third of the rectum is usually
coated with the peritoneum, which is named as
intraperitoneal viscera; only a part of the middle
one third is coated with the peritoneum, named as
interperitoneal viscera; the lower one third of the
rectum is completely outside of the peritoneum,
named as extraperitoneal viscera. According to
the National Comprehensive Cancer Network
(NCCN) Guide of the United States, it is defined
as “the intestinal tube within 12 cm from anus
after measurement by proctoscope” [2].

10.1.1.1 Clinical Significance

Usually, in clinic, rectal cancer can be classified
as the upper rectal cancer and the middle or lower
rectal cancer according to the distance between
the tumor and anus. In China, 70 % of rectal can-
cers are middle or lower rectal cancer [3]. The
therapy for middle and lower rectal cancer is
much different from that for upper rectal cancer.
For cancers in middle and lower segments of the
rectum, standard total mesorectal excision (TME)
is usually adopted in clinic, while the therapy for
upper rectal cancer is usually the same as that for
carcinoma of the sigmoid. Moreover, for middle
and lower rectal cancer, if the tumor is in T3 stage
according to preoperative evaluation, or lym-
phatic metastasis occurs, preoperative neoadju-
vant chemoradiotherapy should be applied, while
upper rectal cancer can directly receive operation
[2]. It must be pointed out that, after thorough dis-
sociation of the rectum in operation, the distance
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between tumor and the anus is usually extended to
5 cm [4]; therefore, for a part of low rectal cancer,
after dissociation, enough distance can be
obtained so that the sphincter preservation opera-
tion can be carried out.

10.1.2 Concept of the Mesorectum

The middle and lower segments of the rectum are
extraperitoneal viscera. Actually, in terms of his-
tology, there is no mesorectum. The so-called
mesorectum was described by Maunsell first, and
RJ Heald stressed this concept in TME
recommended in 1982 [5]. According to RJ
Heald, “this is an exclusive conception of sur-
gery, a descriptive noun irreplaceable” [6], of
which the nature is the connective tissues such as
fat and vessels around the rectum; the posterior
border of it is the fascia pelvis visceralis, and
there are collateral ligament and Denonvilliers’
fascia at the side and front. In TME, it should be
ensured that all mesorecta or that over 5 cm from
the far end of tumors should be resected. There
are several hypotheses about the structure of
mesorectum; most of the scholars agree that the
mesorectum has a closed structure; i.e., the pelvic
fascia is around the whole rectum, while
Denonvilliers’ fascia is isolated from the visceral
fascia [7, 8].

10.1.2.1 Clinical Significance

The key points of TME operation is to ensure the
whole resection of the mesorectum and ensure
the completeness of peripheral incisal margin. In
terms of the complexity of operation, the poste-
rior gap, or the “holy plane” [9] described by
Heald, is usually easy to find out and separate,
but the finding and separation of anterior and lat-
eral gaps are relatively difficult. Therefore, dur-
ing the operation, a proper reversed traction to
the rectum should be maintained to reveal these
gaps sufficiently, and then accurate sharp separa-
tion should be carried out by electric coagulation;
thus, hemorrhage during operation can be
decreased significantly, and a good separation
result can be achieved. As worrying about the
injury of the ureter, some surgeons would rather
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not to operate along the plane of gap close to pel-
vic wall; instead, they operate in the mesorectum,
which could lead to hemorrhage and make the
visual field unclear.

10.1.3 Concept of Denonvilliers’
and Waldeyer’s Fascia

Denonvilliers’ fascia and Waldeyer’s fascia are
two critical structures at the anterior and poste-
rior boundaries of the mesorectum. The former is
a fibrous tissue extending vertically in front of
the mesorectum, starting from the peritoneal
reflection and ending at the perineal body; for
male, there are seminal vesicle and prostate in
front, while for female, there is posterior vaginal
wall (Fig. 10.1). Waldeyer’s fascia is a tougher
fibrous tissue at the level of fourth sacral verte-
bra, connecting posterior fascia pelvis visceralis
and presacral fascia; therefore, it is also called as
rectosacral fascia.

10.1.3.1 Clinical Significance

As mentioned above, Denonvilliers’ fascia is the
front boundary of the mesorectum; therefore,
sometimes, it is recommended to resect it com-
pletely in TME operation [10]. Some researches
indicated that there are an amount of metastatic
lymph nodes with small diameters in anterior
mesorectum; it was necessary to ensure the com-
plete resection of the mesorectum. Some
researches indicated that pelvic nerve was adja-
cent to the sides of Denonvilliers’ fascia; if the
sides of Denonvilliers’ fascia were to be sepa-
rated, injury should be avoided [11, 12]
(Fig. 10.2). Our experience is that, under the con-
dition that the front seminal vesicle or posterior
vaginal wall is not injured, fibrous tissues of
Denonvilliers’ fascia should be resected as much
as possible; occasionally, capillary hemorrhage
may occur from posterior vaginal wall, which
could be controlled rapidly by surface coagula-
tion with electric knife under argon mode.

The significance of Waldeyer’s fascia is that if
the tough layer of the fascia is not disconnected,
it is difficult to reach the bottom of the pelvis, and
the coccyx cannot be revealed. As shown in
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Fig.10.1 Image and schematic diagram of Denonvilliers’ fascia in MRI (white arrow)

Fig. 10.3, after entering the surgical plane
between the fascia pelvis parietalis and fascia
pelvis visceralis, this fascia must be sharply dis-
connected and separated to the upper level of
coccyx. Thus, for both low-position anastomosis
and APR operation, the most sufficient dissocia-
tion of the rectum can be achieved [13].

10.1.4 Concept of Lateral Ligament
of the Rectum

It is disputed whether or not there is an anatomic
structure named lateral ligament of the rectum.
According to histological research, the so-called
lateral ligament is actually located between the
middle and lower segments of the rectum and the
lateral pelvic wall, which may include histologi-

cal bundle consisting of nerve fibers, fat, and
arteriae rectalis caudalis; however, the structure
may vary. In the operation, during separation of
lateral sides of the rectum, fibrous bundle struc-
ture was also found. Anatomical researches on
lateral ligament lead to various results: Sato et al.
believed that there was a lateral ligament,
consisting of arteria rectalis media and branches
of pelvic plexus nerve [14]. Nano et al. also
agreed that there was a lateral ligament structure;
however, it consisted of only fibrous tissues, and
the rectal arteries and branches of pelvic plexus
nerve are located under the ligament structure
[14] (Figs. 10.4 and 10.5).

10.1.4.1 Clinical Significance
Although there is controversy on the existence
of lateral ligament, the lateral bundle structure
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Fig.10.3 In the operation, after disconnection of Waldeyer’s fascia (white arrow), posterior rectal wall can be dissoci-
ated completely, and anococcygeal ligament can be revealed

must be treated in the operation of rectectomy. that the structure is maintained. There may be
In order to avoid injuring of the lateral pelvic arteriae rectalis caudalis in the lateral ligament,
plexus, sharp disconnection should be carried but ultrasonic knife or electric coagulation can
out by electric knife, and disconnection should usually seal them, and clamping or ligation is
be achieved near the rectum under the condition not necessarys; this is very important to maintain
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Fig.10.4 Correlation of the lateral ligament, arteriae rectalis caudalis (MRA), hypogastric nerve, ureter (U), and pelvic
plexus (the lateral ligament in the right diagram has been cut)

Fig.10.5 Ligation
level of blood vessels
in radical resection of

i Inferior
rectal cancer. (a) : e mesenteric a.
Classical high ligation . 8

at the root of the R Left
inferior mesenteric ; colic a.

artery. (b) Low ligation
involving sigmoid
arteries. (¢) Low
ligation only involving
superior rectal artery Sigmpid
arteries

the completeness of the lateral side of the from aorta abdominalis and then branches into
mesorectum. the left colic artery, arteriae sigmoideae, and
superior rectal artery. Arteriae rectalis caudalis
from the internal iliac artery or internal puden-
10.1.5 Blood Supply to the Rectum dal artery also supplies blood to the rectum.
Another important content of anatomy of rec-
Blood vessels feeding the rectum are mainly tum-related blood vessels is presacral venous
from inferior mesenteric artery that comes plexus.
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10.1.5.1 Clinical Significance
In traditional opinion of therapy against colon can-
cer, high ligation should be carried out to the infe-
rior mesenteric artery. Classical high ligation
means that the main trunk of the inferior mesen-
teric artery should be ligated and disconnected
2 cm away from aorta abdominalis at the root of
the inferior mesenteric artery. However, in recent
years, more and more findings of evidence-based
medicine indicated that high ligation does not
improve the prognosis of patients; instead, it may
lead to complications such as ischemic necrosis
[15]. Therefore, NCCN guide recommends that, if
intraoperative exploration finds there is no swollen
lymph node at the root of the mesentery, routine
high cleaning and ligation are not necessary;
instead, ligation of the root of the superior rectal
artery is enough; a part of branches of blood ves-
sels in the sigmoid colon may be ligated selectively
according to the intraoperative colon tension.
Arteriae rectalis caudalis, coming from the
internal pudendal artery or internal iliac artery, is
a small artery distributed at the lateral side of
middle and lower segments of the rectum, of
which the diameter is about 1-2 mm with a big
anatomic variation. It is reported that the possi-
bility of occurrence of arteriae rectalis caudalis is
22-100% [14, 16, 17]. If it is found in operation,
this blood vessel can be disconnected and coagu-

lated with electric knife, while clamping and
ligation are not necessary.

Presacral venous plexus is a structure of blood
vessels in front of the sacral periosteum, consist-
ing of two big lateral sacral veins and one median
sacral vein. Presacral venous hemorrhage is a
severe and dangerous intraoperative event during
separation of posterior of the rectum, especially
Waldeyer’s fascia, of which the anatomic back-
ground is that the presacral venous plexus will
retract to sacral foramen after breakage [18].
Therefore, during presacral venous hemorrhage,
clamping and ligation cannot stop hemorrhage;
moreover, it may tear presacral vein and aggra-
vate hemorrhage. At present, there are two hemo-
static methods in clinic: (1) Resect a piece of
rectus abdominis, of which the diameter is 2 cm,
press it on the bleeding point, and carry out elec-
tric coagulation (recommended electric coagula-
tion value >100); then the charring of muscle will
coagulate the contacted venous plexus [19]
(Fig. 10.6); (2) press a tailor-made thumb pin on
the bleeding point, penetrate the venous plexus,
and stabilize it in the sacrum; with the help of
local pressing, the purpose of hemostasis is
achieved; it should be noted that the distance
between the midline of the sacrum and the point
where the thumb pin is pressing in should be less
than 2 cm at S1 level, while at S5 level, it should

Fig. 10.6 Presacral venous plexus and treatment of presacral hemorrhage (rectus abdominis electric coagulation

method)
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be less than 1 cm, in order to avoid damaging the
lateral sacral nervous plexus [20].

10.1.6 Pelvic Autonomic Nerve
Preservation (PANP)

As the nerve controlling the rectum is usually
resected along with the rectum in operation, what
we stressed here is the pelvic autonomic nerve to
be protected and preserved in the rectal opera-
tion. The critical nerve adjacent to the rectum
usually has the following anatomical structure:

1. Hypogastric plexus: a nerve plexus resulted
from confluence of the sympathetic nerve
coming from thoracic vertebra 11 and lumbar
vertebrae 2 and the lumbar splanchnic nerves
coming from lumbar ganglia 3—4, formed in
front of aorta abdominalis, at the branch of
common iliac artery, also named as presacral
nerve or nervi praesacralis.

2.

Hypogastric nerve: two branches of nerve
fascicles, of which the diameter is about
3 mm, starting from hypogastric plexus,
going down with iliac vessels, bringing the
adrenergic nerve into the pelvic organ, and
controlling the function of ejaculation in
male; hypogastric nerve is easy to identify in
clinic, because it consists of thick yellowish
fibers.

Pelvic splanchnic nerves: parasympathetic
nerve fibers started from sacral nerve 2—4 and
entered the right bottom corner of the pelvic
plexus, which controls the function of erec-
tion in male.

Pelvic plexus: also named as hypogastric
plexus. Pelvic plexus results from the conflu-
ence of hypogastric nerve, sacral splanchnic
nerves, and pelvic splanchnic nerves and is
located at the outer side of arteriae rectalis
caudalis and lateral ligament of the rectum.
Usually, the pelvic plexus is difficult to iden-
tify in a living body (Figs. 10.7 and 10.8).

Fig.10.7 (a) Hypogastric plexus. (b) Hypogastric nerve. (¢) Pelvic plexus
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Fig.10.8 The pelvic plexus (necrotomy) and trunk of hypogastric nerve (observed during operation)

10.1.6.1 Clinical Significance

In rectal surgery, especially radical resection of
rectal cancer, the pelvic nerve structure should
be protected as much as possible, in order to
ensure that the patient can get good urinary and
sexual function. In TME surgery, attention
should be paid to the following: (1) After open-
ing the lateral peritoneum at the inner side of the
ureter, before entering the “holy plane,” attention
must be paid to the dissociation and protection
of hypogastric nerve at both sides. If dissociation
is carried out directly along the loose gap that
appears first, the hypogastric nerve would usu-
ally be disconnected at the posterior-lateral side
of the rectum. Therefore, after the appearance of
the gap, one should find the starting site of two
hypogastric nerves from superior hypogastric
nerve in front of sacropromontory (note the
nerve trunk at this part is usually thick), sharply
dissociate the main trunk of hypogastric nerve
from the back of the mesorectum until the place
where it enters the lateral pelvic wall to form the
pelvic plexus, and then carry out the successive
operation of TME. (2) Disconnection of the lat-
eral ligament should be carried out adjacent to

the rectum, in order to avoid injuring the pelvic
plexus. (3) During the traction and dissociation
of the sigmoid mesocolon to the branch of aorta
abdominalis, the starting part of the hypogastric
nerve at the left side is usually tracked together;
at this time, the hypogastric nerve at the left side
should not be injured [21].

10.1.7 Conception of Lateral Lymph
Node Dissection (LLND)

Lateral lymph node metastasis usually occurs in
advanced lower rectal cancer. Lateral lymph
nodes mainly include the common iliac and inter-
nal iliac lymph nodes distributed along the direc-
tion of iliac vessels and the obturator lymph
nodes distributed along the obturator vessels/
nerve. The lateral dissection of rectal cancer
should start from the branch of aorta abdominalis,
and clean the fat/lymph tissues adhered to the
front of the aorta and inferior vena cava; open the
lateral peritoneum, clean the fat tissues on the
surface of common iliac blood vessels and at the
corner of common iliac blood vessels and ilio-
psoas muscle, and reveal the obturator nerve and
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blood vessels; further bare the obturator nerve
and clean the obturator lymph nodes.

10.1.7.1 Clinical Significance

In recent years, according to the finding of
evidence-based medicine, lateral lymph node
metastasis indicated a worse prognosis, while lat-
eral lymph node dissection increased the postop-
erative injury to urinary and sexual function
significantly and could not improve the survival
rate of patients [22]. Especially, as application of
neoadjuvant preoperative radiotherapy can lower
the local incidence after operation, some
researches indicate that lateral dissection after
preoperative radiotherapy has no significant
meaning [23]. Therefore, lateral disconnection
can act as optional operation at present; during
the operation, if lateral swollen lymph nodes are
contacted, they should be disconnected.

10.1.8 Concept of Anal Tube

The explanation of anal tube is different in anato-
mists, embryologists, pathologists, and surgeons.
Usually, the following two classes of definitions
are given for anal tube: the concept of anatomi-
cal, histological, embryological, and pathological
anal tube is identical, while that closely related to
surgeon is called as surgical or clinical anal tube.
Usually, the length of surgical anal tube is about
4 cm, of which the range is from the upper edge
of sphincter ani internus to the edge of the anus,
while the length of anatomical anal tube is about
2 cm, of which the range is from the upper edge
of dentate line (the upper edge of anal transitional
zone) to the edge of the anus. The two concepts
are not conflicted, and the former includes the
latter. The horizontal tissues above and below the
dentate line have completely different epithelial
structure and nerve control, which have been
described in detail in many textbooks. Perianal
means the range 5 cm around the anus.

10.1.8.1 Clinical Significance

In order to judge the possibility of anus-
preserving operation, surgeons usually carry out
digital examination of the rectum to explore the
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position of tumor; the distance between the lower
margin of tumor and the surgical anal tube is a
factor to decide whether or not the anus can be
preserved. If this distance is less than 1 cm, a dis-
tal margin with pathological negative is hard to
obtain during operation; thus, the risk of local
recurrence after anus preservation is increased
significantly. The distance between the tumor and
the dentate line (or the anatomical anal tube) has
a less important meaning in guiding surgery
operation.

10.1.9 Construction of Levator Ani
Muscle

Levator ani muscle consists mainly of puborectal
muscle, pubococcygeus muscle, and iliococcy-
geal muscle (Fig. 10.9). The iliococcygeal
muscle, whose distal ends are located at the lat-
eral pelvic wall and coccyx, respectively, is the
main muscle to be treated during dissociation of
posterior levator ani muscle.

10.2 Abdominoperineal
Resection (APR)
10.2.1 Development of APR

In 1908, Miles brought forward the conception
of APR according to the achievements of study
on lymph drainage of rectal cancer, which low-
ered the postoperative local recurrence rate of
middle or lower rectal cancer significantly. In
recent 70 years, APR operation was always the
standard operation for lower rectal cancer [24].
With the development of concept and skill of
TME, more and more colorectal surgeons care
about the whole dissociation of the mesorectum,
other than stress on the resection range of levator
ani muscle and fat tissues in ischiorectal fossa.
With the development of pathology of rectal can-
cer and image technology, more and more atten-
tion have been paid to the question how to ensure
to get a negative circumferential resection mar-
gin (CRM) after radical resection of rectal can-
cer [25]. The study of evidence-based medicine
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Fig.10.9 Construction of levator ani muscle (outside and
inside): from left to right, external rectal sphincter,
puborectal muscle, pubococcygeus muscle, iliococcygeal

also indicated that APR operation has a worse
prognosis than the anus-preserving LAR opera-
tion, because of the higher rate of positive CRM
after APR operation, which may lead to local
recurrence [26]. Therefore, on the basis of TME,
the cylindrical APR operation, in which the
resection range of levator ani muscle is extended,
has attracted attention of colorectal surgeons
gradually [27].

10.2.2 Indications of APR Operation

Because of the development of lower stapling
technique, a distance <6 cm from the lower mar-
gin of tumor to the edge of the anus is no longer
the absolute indication of APR operation. We
suggest that the common indication is the rectal
cancer, of which the distance between tumor and

—

muscle, and coccygeal muscle; the levator ani muscle is
usually the generic term of the former three muscles

the anus is less than 5 cm. Application of APR
needs correct preoperative staging, good opera-
tion, and cautious intraoperative decision.

The following conditions were often met:
(1) Preoperative MRI judged that the tumor had
invaded levator ani muscle, or digital examina-
tion of the anus indicated that the distance
between tumor and upper edge of surgical anal
tube was less than 1 cm. (2) During operation,
pelvic canal stenosis or giant tumor was founded;
thus, the lower rectum was difficult to be disso-
ciated and stapled. (3) After sufficient dissocia-
tion of the rectum, satisfactory distal incisal
margin (>1 cm) was not yet obtained, or rapid
pathological examination indicated a positive
recisal margin. (4) After local resection of early
lower rectal cancer, pathological examination
indicated a positive incisal margin or a lesion
over T2 stage.
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10.2.3 Preoperative Preparation
for APR Operation
10.2.3.1 Routine Preoperative
Preparation
Preoperative evaluation of physical state and
nutrition support; preparation of blood and blood
transfusion (when necessary); cleaning the
vagina for female patients; skin preparation of
the perineum and abdomen.

10.2.3.2 Preoperative Intestinal Tract

Preparation: Insertion

of Gastrointestinal

Decompression Tube

and Urine Drainage Tube
In classical surgery, a routine 3-day intestinal
tract preparation should be carried out before
operation for rectal cancer, including oral intake
of antibiotics, mechanical lavage of intestinal
tract, preoperative gastrointestinal decompres-
sion, and urine drainage tube insertion. However,
researches of evidence-based medicine in recent
years indicated that preoperative oral intake of
antibiotics and mechanical lavage of intestinal
tract could not decrease the incidence of postop-
erative complications such as anastomotic leak-
age and infection [28, 29]. After routine intestinal
tract lavage, the patients may suffer a higher inci-
dence of postoperative anastomotic leakage and
infection [30]. In addition, according to the rapid
recovery opinion advocated at present, preopera-
tive intestinal tract preparation, gastrointestinal
decompression, and urine drainage tube insertion
may be carried out to some patients with rectal
cancer but not routinely [31].

10.2.3.3 Permanent Colostomy
and Marking
Please refer to Sect. “10.5.10.1 Colostomy.”

10.3 Steps of APR Operation

10.3.1 Selection of Anesthesia,
Position, and Incision

As APR operation has a large resection range and
will take a long time, general anesthesia should
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be used. Lithotomy position should be adopted to
reveal perineum. It should be noted that (1) after
anesthesia, the operation table can be adjusted so
that the head is in a lower position and the feet
are in a higher position; thus, the small intestine
will be set at the front of surgery field; (2) the
coccyx of patients should be extruded, and the
angle between thighs and trunk should be less
than 90°, so that the perineal region can be
revealed enough to facilitate operation; (3) dur-
ing the setting of lithotomy position, the position
of patient’s leg should be adjusted to avoid press-
ing the common peroneal nerve. The incision is
usually selected at the center of the abdomen
around the navel, of which the bottom should
reach the pubic symphysis and the top boundary
depends on the condition of the patient. During
the incision of abdominal wall to the lower part,
avoid injure bladder. For female patients, womb
can be suspended to facilitate revealing.

10.3.2 Exploration of Abdominal
Cavity and Pelvic Cavity

After entry of the abdomen, explore whether or
not there is ascites, hepatic metastasis, or perito-
neal metastasis and collect information of abdom-
inal visceral organ such as the colon and stomach;
explore whether or not there are swollen lymph
nodes at the root of the inferior mesenteric artery,
in front of aorta abdominalis, or at the area of iliac
vessels; for female, attention should be paid to the
bilateral ovary. Finally, explore the tumor and pay
attention to the dissociation degree of the tumor
and the relation of the tumor to adjacent organs
and pelvic wall; during operation, preoperative
pelvic MRI image should be combined to identify
the local condition of tumor.

10.3.3 Preligation of Rectal Vessels
and Intestinal Canal

After complete exploration, the operation table
can be adjusted so that the head is in a lower
position and the feet are in a higher position;
push the small intestine to the side of the head.
Ligate the intestinal canal with tape at the
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boundary of the rectum and sigmoid colon
above the tumor. Tract the tape so that the sig-
moid mesocolon has a certain stress, touch to
identify the direction of superior rectal artery
and sigmoid arteries, open the peritoneum at the
surface of the mesentery, and preligate at the
root of superior rectal artery. For patient who
has a shorter length of sigmoid colon, a narrow
pelvic cavity, or an overweight body, under the
precondition that the proximal end of the rectum
is long enough to be brought out of abdominal
wall, the rectum-sigmoid colon can be discon-
nected with an occluder; thus, traction and dis-
sociation of proximal end of the rectum are
helpful for revealing the posterior rectal wall.

10.3.4 Dissociation of the Sigmoid
Colon

First of all, disconnect the physiological adhe-
sion between the left side of the sigmoid colon
and lateral pelvic wall, and open the peritoneum
with electric knife at the inner side of the ureter;
then the loose gap at the starting part of mesorec-
tum will appear; this plane is also a critical plane
for fulfilling the TME operation. Disconnect
upward along the abovementioned loose gap,
and the sigmoid colon at left side can be dissoci-
ated completely to the end of descending colon.
Then the dissociation of the sigmoid colon can
be paused.

Fig.10.10 Schematic
diagram of dissociation of
posterior rectal wall: the
trunk of the hypogastric
nerve often adheres to the
fascia pelvis visceralis (the
fascia at posterior wall of
the mesorectum); the
correct place is not the
looser gap

10.3.5 Protection of Hypogastric
Nerve and Dissociation
of Posterior Rectal Wall

After dissociation of the sigmoid colon, find out
the hypogastric plexus at the branch of aorta
abdominalis, and identify the starting point of the
trunk of the hypogastric nerve at both sides in
front of the sacral promontory. Then track the
rectum fore-upward to reveal the loose gap
between the fascia pelvis visceralis and the fascia
pelvis parietalis at the posterior rectal wall, which
is the operation plane of TME,; at this plane, carry
out sharp disconnection carefully with electric
knife, and a precise operation will not lead to
hemorrhage. During sharp disconnection, the
following details should be noted: (1) The trunk
of hypogastric nerve acts as the boundary of this
plane; this plane consists of an anterior gap and a
posterior gap (Fig. 10.10); although the gap
between the trunk of the hypogastric nerve and
the fascia pelvis parietalis is looser, dissociation
along this plane will disconnect the trunk of
hypogastric nerve, resulting in failure of nerve
protection. The correct operation should be that
as follows: after entering the starting part of the
loose gap, dissociate and protect the trunks at
both sides, and then dissociate along the rela-
tively dense gap between the trunk of the hypo-
gastric nerve and fascia pelvis parietalis (i.e., the
fascia on the surface of posterior mesorectum).
(2) After entering the right place, the electric
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knife should deflect to the mesorectum in order to
avoid injuring anterior sacral veins. (3) As the
place where the trunk of hypogastric nerve enters
lateral pelvic wall is most brittle and thin, after
successful dissociation of posterior rectal wall,
the main trunk of hypogastric nerve should still
be protected until the complete dissociation of
lateral rectal wall.

10.3.6 Dissociation of Lateral Rectal
Wall and Protection
of the Pelvic Plexus

After dissociation of the posterior wall, extend to
both sides along the gap of dissociation and
continue the protection of the trunk of the hypo-
gastric nerve until it enters into the lateral pelvic
wall. Dissociate to the directions of 3 o’clock and
9 o’clock; then the gap usually gets unclear;
instead, connective tissues with unclear boundar-
ies, or the so-called lateral ligament of the rec-
tum, will appear. Then the surgery field should be
revealed enough; by assistant’s dragging hook
and operator’s pushing rectal tube reversely, the
lateral ligament structure will be stretched. Sharp
disconnection should be carried out near the rec-
tum; thus, injury of the pelvic plexus can be
avoided. According to our experience, increase
of the power of electric knife (electric coagula-
tion value, 60-80) can ensure a satisfactory elec-
tric coagulation to the median artery; usually, the
dissociation of the lateral rectal wall can be ful-
filled without the ligation of the median artery.

Fig.10.11 Schematic
diagram of dissociation of
frontal-lateral wall of the
rectum: dissociation should
be carried out near the
mesorectum, and the
Denonvilliers’ fascia
should be resected to
ensure the completeness of
the mesorectum

10.3.7 Dissociation of Front
Rectal Wall

After the dissociation of frontal and lateral wall,
drag the rectum toward the posterior interior
direction, and open the peritoneum with electric
knife at the lowest point near the front of folding
of the peritoneum. The assistant can push the
frontal tissues toward pubis with dragging hook;
then a layer of tough fascia consisting of longitu-
dinal fibrous structure will appear; this is the
Denonvilliers’ fascia (Fig. 10.11); dissociation in
front of this fascia can maintain the completeness
of anterior mesorectum. For male patients, if
there is no tumor invasion or adhesion, hemor-
rhage will hardly occur between the Denonvilliers’
fascia and the seminal vesicle; for female patients,
as there are much blood vessels at the posterior
vaginal wall, the electric knife with argon spray
mode should be used to achieve good hemostasis
on the surface without burning the posterior vagi-
nal wall.

10.3.8 The Level of Rectum
Dissociation During
Abdominal Operation

In traditional APR operation, dissociation of the
rectum should be carried out downward as much
as possible during abdominal operations. For
male patients, the dissociation of frontal wall
should be over the level of seminal vesicle; for
female patients, most of posterior vaginal wall
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should be dissociated until the perineal bodies.
The dissociation of posterior wall should reveal
the coccyx to reach the level of levator ani
muscle.

However, at present, it is recommended to
carry out cylindrical APR resection for patients
with late T stage and invasion of levator ani mus-
cle. At frontal wall, dissociation is enough to the
level of seminal vesicle or the middle segment of
posterior vaginal wall; at the posterior wall, dis-
sociation is enough to the starting part of the coc-
cyx (the boundary of the coccyx and sacrum).
Successive dissociation will be carried out at
perineal region.

10.3.9 Permanent Colostomy
at Abdominal Wall

Please refer to Sect. “ 10.5.10.1 Colostomy.”

10.3.10 Operation at the Perineal
Region

Traditional APR operation: after suture of the
anus, make a fusiform incision around the anus,
of which the frontal edge is the projection of the
perineal conjoined tendon on the skin, the back
edge should reach the tip of coccyx, and the lat-
eral edge should reach the exterior side of the
middle point of anus-tuber ischiadicum. Incise
the skin and subcutaneous adipose tissue until the
levator ani muscle plane. Then, find out the bony
marker of the coccyx and disconnect the anococ-
cygeal ligament. Levator ani muscle appears
mainly as iliococcygeal muscle at the back; com-
bination of electric knife and clamping should be
used to treat the fascicle. After treatment of the
second half ring of levator ani muscle, the sur-
geon’s operation for the perineum and those for
the abdomen can meet at the coccyx, and drag the
closed proximal end of the rectum out of the pel-
vic cavity. Thereafter, drag the specimen to reveal
the left and right lateral anterior walls, respec-
tively, and continue the ligation of levator ani
muscle fascicle. Once the specimen adheres only
to frontal wall, incise the conjoined tendon and
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puborectal muscle at the perineum. Then, the
deep area of anterior rectal wall to be treated is
the place where effusion of blood occurs most
frequently in APR operation. Here, for male
patients, there is prostate in front; for female
patients, there is the lower segment of posterior
vaginal wall; for both and male and female, there
is the vascular plexus between this place and
anterior rectal wall. Experiences for treatment of
this place include: (1) After dissociation to some
extent, it is recommended to stanch first before
recovering the dissociation; otherwise, the
unclear surgery field is easy to lead to wrong dis-
sociation. (2) Here hemostasis can be carried out
with ultrasonic knife or suture, while electric
knife or electric coagulation often gets an unsat-
isfactory result. (3) For female patients, the assis-
tant can help to guide in the vagina to avoid
injury; for male patients, during dissociation, the
surgeon can keep feeling the position of the ure-
ter and prostate to get a right position. After com-
plete dissociation of anterior wall, the specimen
can be removed completely; attention should be
paid to the examination of the prostate and vagina
to detect whether or not they are injured; if so,
repairing is necessary. If hemostasis occurs to
anterior wall, posterior wall, or lateral wall,
suture to staunch.

Cylindrical APR operation: It can be subdi-
vided as standard cylindrical APR and cylindrical
APR combined with coccyx resection. In this
operation, during abdominal operation, the meso-
rectum cannot be dissociated completely; at the
posterior wall, it is enough to reach the joint of
the coccyx-sacrum; at the anterior wall, it is
enough to reach the seminal vesicle/middle seg-
ment level of posterior vaginal wall (Fig. 10.12).
The incision at perineal region and the resection
range of perianal tissues under levator ani muscle
plane are identical.

Standard cylindrical APR requires a body
position identical to that for traditional APR;
however, after entering the level of levator ani
muscle, one should open surgery field further
toward the lateral and posterior walls and find the
end point of fascicle on the pelvic wall and dis-
connect it (Fig. 10.13). As the operation position
is deep there, it is difficult to treat the fascicle
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Fig. 10.12 Comparison of cylindrical APR and tradi-
tional APR: the thicker arrow indicates the end point of
anterior wall disconnection; in cylindrical resection, it is
at the seminal vesicle level, while in traditional resection,
it is adjacent to levator ani muscle. The thin arrow indi-
cates the meeting point of abdominal operation and peri-

with ligation by clamping; the author is accus-
tomed to dragging the fascicle with left hand and
coagulating and disconnecting the fascicle with
right hand by ultrasonic knife at a slow speed.
The treatment of anterior wall is not significantly
different from that in traditional APR. The advan-
tage of this operation is that the patient does not
have to change position, and the operation
technique is easy to grasp. However, the disad-
vantage is that the poor revealing of APR opera-
tion is not resolved yet; as the dissociation range
is narrow in epigastrium, the operation in deep
perineal region is difficult. For patients with inva-
sion at levator ani muscle level but the anterior
wall is not involved, standard cylindrical resec-
tion at lithotomy position can increase the rate of
radical cure and is very safe.

neal region operation; in cylindrical APR, it is at the
border of the coccyx and sacrum, while in traditional
APR, it is at the border of anal tube and levator ani mus-
cle. The curved thin arrow indicates the range of posterior
resection of cylindrical APR combined with coccyx
resection

Cylindrical resection combined with coccyx
resection: After the dissociation of the sigmoid
colon and mesorectum through the abdomen and
the construction of artificial stoma, place the
upper segment of the rectum into the pelvic cav-
ity and rebuild the peritoneum at the pelvic floor
and then close the abdomen gradually and rou-
tinely. Change the body position of the patient
from lithotomy position to jackknife position, re-
sterilize, and prepare drape. The incision range
should include the range along the direction of
the coccyx besides fusiform incision around the
anus (Fig. 10.14). After incision of the fascia of
the skin covering the coccyx, disconnect the ten-
don of the gluteus maximus adhered to the coc-
cyx-sacrum and reveal the posterior gap of the
coccyx. Bluntly disconnect the border of the
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Fig.10.13 Schematic
diagram of traditional
APR and cylindrical
APR for rectal cancer:
for rectal cancer at very
low position combined
with levator ani muscle
invasion, cylindrical
APR can achieve a
better resection range
than traditional APR to
ensure a negative
incisal margin

Fig. 10.14 Cylindrical APR combined with coccyx
resection: jackknife position, the incision should include
the range along the direction of the coccyx; the deep coni-
cal area is the projection of the coccyx on the body
surface

coccyx-sacrum with periosteum detacher and
incise the posterior fascia of the coccyx with
electric knife to enter the pelvic cavity. Thereafter,
the assistant can clamp and drag the coccyx to
guide the following operation: as iliococcygeus
adheres to the coccyx, dragging the coccyx left-
ward can reveal the end point of iliococcygeus at
the pelvic wall very well; the operator should
insert the left index finger and middle finger into

the pelvic cavity through the coccyx, and put
them behind iliococcygeus; meet thumb with the
index and middle fingers, and touch iliococcy-
geus to identify the end position of fascicle on the
pelvic wall. Then, coagulate with clamping liga-
tion or ultrasonic knife at a low rate, and discon-
nect the right lateral iliococcygeus gradually
from the pelvic wall. After disconnection of left
lateral iliococcygeus by the same method, the
posterior and lateral walls of levator ani muscle
can be dissociated completely, and the rectum
can be dragged out of the pelvic cavity. As the
patient is set at a jackknife position, after discon-
nection of the coccyx and all posterior and lateral
levator ani muscle, the anterior rectal wall can be
revealed very well, and the operator can achieve
precise dissociation and hemostasis to anterior
wall under direct observation. For patients with
partial invasion to anterior wall, partial resection
of prostate or resection/repairing of posterior
vaginal wall can be carried out under direct
observation. According to the photo of image, for
cylindrical APR, there isn’t a “middle” part at
levator ani muscle level, which existed in tradi-
tional APR operation; as the dissociation of
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Fig. 10.15 Photo of cylindrical APR specimen (lateral
posterior): the triangular area is the levator ani muscle
resected more than traditional APR

mesentery is carried out only to the levator ani
muscle level, mesentery and levator ani muscle
are resected together, just like a cylinder
(Fig. 10.15). The author recommends that, for
patients with anterior wall invasion but critical
cure can be achieved by extended resection,
cylindrical APR combined with coccyx resection
should be adopted; according to the experience of
the author, by changing the body position, resec-
tion of coccyx can lead to a good surgery field,
which can result in a precise intraoperative
hemostasis; even the prostate or vagina is
resected, operation in perineal region still leads
to little hemorrhage. The disadvantage of this
operation is that the change of body position dur-
ing operation will elongate the duration of opera-
tion; thus, the risk of anesthesia is higher.

10.3.11 Rebuilding of the Pelvic
Floor and Occlusion
of Abdominal Wall
and Perineal Incision

Rebuilding of pelvic floor: Lateral peritoneum
should be interruptedly suture to prevent small
intestine from dropping into the pelvic cavity.
The stitch should be dense here, and ureter should
not be injured.

Abdominal wall incision: Use Vicryl suture to
close the peritoneum, and use polydioxanone syn-
thetic (PDS II) absorbable suture to close protheca;
alternatively, one may use PDS II suture to carry out

continuous suture of the peritoneum and protheca.
After routine interrupted suture of the skin and sub-
cutaneous tissue, close the abdominal incision.

Closure of perineal incision: After presacral
drainage, close the subcutaneous tissue with
interrupted or continuous suture and then suture
or staple the skin interruptedly. For patients with
large surface of wound, unsatisfactory hemosta-
sis, or large incisal tension, gauze can be used to
fill the incision, which will be removed in
2-3 days after operation; the perineal incision
can be cured gradually by hip bath.

10.4 LAR Operation

10.4.1 Development of LAR
Operation and Indications

With the common application of double stapling
technique, anus-preserving surgery for low-
positioned rectal cancer has become a well-
accepted operation [32]. At present, the argument
about LAR operation is focused on the length of
distal incisal margin of intestinal canal. NCCN
guide recommended that the distal incisal margin
should reach 2 cm. In some researches, for tumors
at very low positions, a distal incisal margin of
1 cm is also acceptable, but rapid intraoperative
pathological analysis should be carried out to
ensure the distal incisal margin negative [33].
Moreover, on the basis of LAR, inter-sphincter
resection is derived to treat the tumors at very low
position, by which satisfactory long-term thera-
peutic effect has been achieved in some researches
[34]. With the development of technique men-
tioned above, indications of LAR operation are
more flexible. Under the precondition that the
radical resection is ensured and the function of
external sphincter is preserved, if the low-
positioned stapling can be fulfilled, LAR opera-
tion should be tried positively. However, whether
or not LAR operation can be applied depends
mainly on the position of tumor and the condition
of the pelvis; if the condition of the pelvis is
unsatisfactory, the anus may not be preserved
even the tumor is at a higher position [35].
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10.4.2 Preoperative Preparation
of LAR Operation

Identical to the preoperative preparation of APR
operation.

10.5 Steps for LAR Operation

10.5.1 Selection of Anesthesia, Body
Position, and Incision

Identical to the preoperative preparation of APR
operation.

10.5.2 Exploration of Abdominal
and Pelvic Cavities

Identical to the preoperative preparation of APR
operation.

10.5.3 Preligation of Rectal Vessels
and Intestinal Canal

Identical to that of APR operation.

10.5.4 Dissociation of the Sigmoid
Colon

The basic principle is the same as that of APR
operation. During treatment of the rectum at
proximal end, in order to ensure the low-position
stapling without tension, the sigmoid colon
should be dissociated sufficiently; when neces-
sary, splenic flexure should be loosened.
Disconnect the sigmoid mesocolon at the ligated
part. (Note: the edge of mesocolon should be pro-
tected to prevent ischemia of the stapled site.)

10.5.5 Protection of Hypogastric
Nerve and Dissociation
of Posterior Rectal Wall

Identical to that of APR operation basically.
However, in LAR operation, Waldeyer’s fascia at
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posterior rectal wall should be resected to reveal
the coccyx and make the incision reaching the
pelvic floor directly.

10.5.6 Dissociation of Lateral Rectal
Wall and Protection
of the Pelvic Plexus

Identical to that of APR operation.

10.5.7 Dissociation of Anterior
Rectal Wall

Identical to that of APR operation basically. For
female patients, the vagina should be dissociated
sufficiently at the distal end of the rectum to be
resected, in order to avoid rectovaginal fistula
resulted from triggering of stapler.

10.5.8 Resection of Distal Mesorectum
and Exposure of Myotube

After sufficient dissociation of the mesorectum,
incise the mesorectum at distal end and expose
the myotube for stapling. At that time, arteriae
rectalis caudalis has usually been disconnected,
and the blood supply to the rectum comes from
superior rectal artery; the latter branches in
posterior mesorectum at the top segment of the
rectum, and surround the anterior mesorectum.
Therefore, during the process that the mesorec-
tum is incised to reach myotube, hemorrhage
occurs easily at the anterior lateral side of the
mesorectum at low segment, while it occurs
hardly at the posterior side. On the other hand,
for middle and high-position rectal cancer, if
only 5 cm of the mesorectum is resected at the
distal end, during the process of incision
through which operation approaches myotube
from the mesorectum, hemorrhage is easy to
occur at the anterior lateral side of the mesorec-
tum. Incision of the mesorectum at the end seg-
ment usually leads to little hemorrhage, and
electric knife can usually be used for coagula-
tion; hemorrhage is more severe at the middle
segment of the mesorectum, and suture is
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necessary sometimes for hemostasis. The read-
ers can get more experience on this in clinical
practice. With the development of medical
devices, application of ultrasonic knife can get
a satisfactory result during treatment of the
mesorectum.

10.5.9 Low-Position Anastomosis
by Double Stapler Method

After closing the rectum at distal end with sta-
pler, perfect hemostasis should be carried out to
the residual end. Before insertion of tubular sta-
pler through the anus, sufficient expansion of
anal sphincter should be carried out; if neces-
sary, paraffin oil can be used to lubricate anal
tube. Before triggering stapler, the assistant
should drag the anterior viscera with hook;
especially, for female patients, the posterior
vaginal wall should be separated from the sta-
pling site to avoid injury. After anastomosis, the
completeness of anastomosis ring should be
examined; if the anastomosis is not satisfactory,
air test should be carried out to exclude anasto-
motic leakage; when necessary, protective ileos-
tomy can be carried out. After anastomosis,
insert a pelvic drainage tube through the sacrum
or abdomen.

10.5.10 Rebuilding of the Pelvic
Floor and Closing
of Abdominal Wall Incision

Identical to that of APR operation.

10.5.10.1 Colostomy
Colostomy consists of temporary colostomy and
permanent colostomy; in the former, transverse
colon is usually used, while the sigmoid colon or
descending colon is used in the latter.
Indications of transverse colostomy include
the ileus, perforation, trauma, and congenital
abnormality of distal rectum, the encopresis, and
the protection of anastomosis; the stoma should
be one stage opened. The character of transverse
colostomy is that ileus can be released rapidly,
and the operation is not difficult, which can save
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time for successive therapy. Transverse colos-
tomy is seldom to be used in protective colos-
tomy after low-position rectal cancer operation,
because in transverse colon, there is more formed
stool than in the ileum, which is inconvenient for
nursing. On the other hand, as the blood transport
in the colon is much less than that in small intes-
tine, after stoma apothesis, the possibility of
anastomotic leakage increases significantly;
therefore, protective transverse colostomy is usu-
ally replaced by ileostomy. For patients to whom
protective colostomy is not carried out but anas-
tomotic leakage occurs or ileus occurs due to
severe anastomotic stenosis, as the transverse
colostomy leads to small wound and takes effect
rapidly, it is usually used for salvage bypass
operation.

The selection of surgical opportunity for
transverse colostomy is very important; it may
not always be so that all postoperative anasto-
motic leakages need anastomosis, and all anasto-
motic leakages can be resolved by anastomosis.
For the leakage with little syndrome and drain-
age and without complication, surgical treatment
is not necessary; after insertion of drainage tube,
parenteral nutrition, and reasonable application
of antibiotics, most leakage can cure. As for
those with much drainage, general peritonitis, or
significant systemic toxic symptoms and those
whose drainage tube has been pulled out and
local treatment is difficult, surgical treatment
should be adopted immediately. Transverse
colostomy is the most common operative tech-
nique; usually, the intestinal segment with large
activity should be chosen for loop double-barrel
anastomosis; the stool should be transported
away to decrease the stimuli of intestinal juice
and stool to downstream anastomosis, which
will benefit the growth and cure of anastomosis.
The time for stoma apothesis is usually
3-5 months after operation [36]. For anasto-
motic leakage with bad anastomosis and severe
pelvic infection, which cannot be resolved by
pure anastomosis, Hartmann’s operation should
be carried out [37].

The site of colostomy is usually chosen at the
part with much straight muscle, skin wrinkle,
navel, and operative incision, or bony bulge
should be avoided to prevent complications such
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as stoma retraction, artificial fistula-induced her-
nia, and infection of incision. The stoma should
be observed by the patient, and it should not
affect daily cloth wearing; thus, the self-nursing
of stoma can be achieved, and the life quality can
be improved [38].

Attention should be paid to the permanent
colostomy after abdominoperineal resection: the
pore size of the stoma on the skin should be some-
what less than that of the intestinal tube to be drag-
ging out of the stoma; a crucial incision can be
used to incise the anterior rectus sheath; bluntly
drag away the muscle along the direction of the
rectus abdominis muscle; incise the posterior rec-
tus sheath, and drag out of the intestinal tube. The
length of intestinal tube dragged out of the abdo-
men should not be excessively long; after dragging
out, the mesentery should be trimmed to some
extent; usually, the height of the stoma should be
2 cm after eversion of mucosa. Interruptedly suture
the peritoneum, serous layer of intestinal wall,
anterior rectus sheath and seromuscular layer, and
intracutaneous tissue and margin of the stoma.

After colostomy, common complications
include stoma retraction, anastomotic stenosis,
stoma side hernia, stoma-peripheral inflamma-
tion, stoma hemorrhage, stoma necrosis, and
stoma prolapse, of which the total incidence is
about 25%, among which 40% occur within
1 month after operation [39]. The occurrence of
stoma complication is related to various factors,
including the self-physical condition of patients,
the operation, and the postoperative nursing. The
postoperative nursing of the stoma is very impor-
tant; good nursing and education of health can
lower the incidence of complications and improve
the life quality of patients [40, 41].
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Zhen Fan and Conor Delaney

11.1 Introduction

Colorectal carcinoma is a very common malig-
nancy in most western countries. Based on data
from National Cancer Institute in 2008, it is esti-
mated that 148,810 new cases would be diagnosed
(108,070 colon, 40,740 rectal) in the United States.
The combined mortality is estimated to be 49,960,
making colorectal carcinoma the second most
common cause of combined male and female mor-
tality after lung cancer and the most common solid
tumor after skin malignancies.

While the incidence of colorectal cancer had
been relatively stable in the USA, it is rising in
China. Based on a cancer registry in Shanghai,
China, the overall colorectal cancer incidence rates
increased more than 50 % between 1972-1977 and
1990-1994. This represents approximately a 2%
increase per year [1].
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11.2 Laparoscopic Surgery
in the Treatment of Colon

Cancer

Only recently has laparoscopic gastrointestinal
surgery been accepted among general surgeons.
In 1983, the first laparoscopic gastrointestinal
surgery, laparoscopic appendectomy, was per-
formed. Subsequently, in 1987, the first laparo-
scopic cholecystectomy was performed [2, 3].
Over the last 20 years, laparoscopic surgery has
had a tremendous impact on gastrointestinal sur-
gery. The technique of laparoscopy is considered
the standard care for the treatment of gallbladder
disease, obesity, gastroesophageal reflux, and
many others.

The first laparoscopic colonic resection was
performed in 1991. Unlike laparoscopic biliary
surgery, this technique was not adopted as
quickly. Initially, there were concerns that lapa-
roscopic resection of colorectal carcinoma might
cause higher recurrence and inferior long-term
survival rates compared to the open technique.
We now know that based on the current evi-
dences, laparoscopic surgery for malignancy has
equivocal rates of recurrence and survival com-
pared to the open technique.

In particular, there were significant concerns
over port site metastasis when early reports
revealed unusually high incidence of local wound
recurrence, in some reports as high as 21 %. This
observation was made even in some patients with
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very early stage colorectal cancer. Most of the
recurrences occurred within the first year of
surgical resection. Concerns about port site
metastases soon limited the introduction of lapa-
roscopic surgery for colorectal malignancies.
Subsequently, multiple studies had addressed the
issue of port site metastases. Several multicenter
randomized controlled studies have revealed no
difference in wound or port site recurrence rate
between the open and laparoscopic approaches.
A recent MEDLINE review of >100 articles con-
cluded that the incidence of port site metastases,
generally <1%, was similar to that of wound
recurrence rate in open surgery. It appears that
poor surgical technique and failure to follow
oncologic principles in the early development of
the laparoscopic technique were the causes of
this problem [4, 5].

Another explanation for the slow acceptance
of laparoscopic approach for colorectal malig-
nancy was the concern for overall recurrence and
long-term survival. This has only been recently
resolved by the publication of the survival results
of the Clinical Outcomes of Surgical Therapy
(COST) trial in the USA and similar trials from
Europe and Australia.

Cancer-free survival is, by definition, a long-
term outcome. Therefore initial studies could
only focus on potential surrogate markers
between the laparoscopic and open approach.
Both Milsom and Lacy have reported equiva-
lence in resection margin and lymph node yielded
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between open and laparoscopic approaches.
Before multicenter randomized trials were com-
pleted, there were already several single-center
studies (shown in Table 11.1) showing that the
long-term results were similar between laparo-
scopic and open approaches [6—8].

In 2004, the results of the Clinical Outcomes
of Surgical Therapy (COST) trial were published
in The New England Journal of Medicine. Eight
hundred and seventy-two patients in 48 institu-
tions were randomly assigned to open and laparo-
scopic approach for cancer. 3 years later, there
were no difference in tumor recurrence (16 % LC
vs. 18% OC), wound recurrence (<1 % in both
LC and OC), or overall survival (86% LC vs.
85 % OC). The rates of intraoperative and overall
complications were similar between the laparo-
scopic and open group, but perioperative recovery
was faster in the laparoscopic surgery group.
Another large randomized trial, the Conventional
versus  Laparoscopic-Assisted ~ Surgery in
Colorectal Cancer (CLASICC), was conducted in
the UK. The results of this study were published
in 2007. Seven hundred and ninety-four patients
in 27 UK medical centers were randomly assigned
to laparoscopic (526) and open (268) approach for
cancer, in a 2:1 fashion. 3 years later, there was no
difference in OS (68.4 % LC vs. 66.7 % OC), DES
(66.3% LC vs. 67.7% OC), local recurrence,
distant recurrence, or port site/wound recurrence.
This trial again confirmed that in terms of recur-
rence and long-term survival, a laparoscopic

Table 11.1 Single-center studies showing that the long-term results were similar between laparoscopic and open

approaches
Author Method
Fleshman (1996) Retrospective review,
372 patients

Tumor recurrence

Local implantation 3.6 %
(3 years), distant implantation
1.1% (3 years)

Cancer-related death

Survival similar to those
reported in OC (3 years)

4% — stage 1

17 % — stage 11
31 % — stage 111
70 % — stage IV

Hartley (2000) Prospective comparative Similar between OC and LC Similar between OC and
trial, 114 patients 25% in OC, 28 % in LC LC 46 % in OC and LC
(>2 years) (>2 years)
Lacy (2002) Randomized trial, 219 Reduced in LC (95 %CI Improved in LC (95% CI
patients 0.19-0.82) 0.16-0.91)

OC open colectomy, LC laparoscopic colectomy
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approach for colon carcinoma is at least as good
as the open approach. In addition, a subset of
patients was used to demonstrate that OS, DFS,
and local recurrence after laparoscopic rectal
resection for rectal cancer were comparable with
those of the open approach. The third largest ran-
domized trial, the Colon cancer Laparoscopic or
Open Resection (COLOR) trial in Europe, showed
similar results, and several meta-analyses have
been published from these data, confirming the
results. Based on the outcomes of the COST study
and other trials, the American Society of Colon
and Rectal Surgeons (ASCRS) and Society of
American Gastrointestinal Surgeons (SAGES)
released the following statement: ‘“Laparoscopic
colectomy for curable cancer results in equivalent
cancer-related survival to open colectomy when
performed by experienced surgeons...” [9-11].

Technical difficulty also contributed to the
slow adoption of the laparoscopic approach to
colorectal cancer. Unlike other laparoscopic pro-
cedures such as Nissen fundoplication or chole-
cystectomy, laparoscopic colorectal resection
requires multiple steps, including significant dis-
section in multiple abdominal quadrants, division
of large vessels, removal of a specimen, and
reanastomosis. There is a significant learning
curve associated with laparoscopic colorectal sur-
gery. It was recommended that a surgeon should
have at least 20 laparoscopic colorectal resections
to be considered sufficient and probably much
more to be considered experienced. Fortunately,
developments in video imaging, energy delivery,
and stapling technology in the past decades have
made it easier for more surgeons to adopt the lap-
aroscopic technique. In addition, some have mod-
ified the technique. Surgeons have utilized the
insertion of a handport into a small 7-9 cm inci-
sion to perform hand-assisted laparoscopic
colorectal surgery. Proponents claim that this
technique allows tactile and depth sensation and
therefore shortens the learning curve. However, to
date, there is no convincing evidence supporting
clinical or training benefits of this technique over
the standard laparoscopic approach.

While initial concerns about poor oncological
outcomes associated with laparoscopic colon
resection have been put to rest by the mountain of
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evidence presented, substantial data also demon-
strated significant benefits associated with lapa-
roscopic approach. Most of these studies have
revealed that laparoscopic approach is linked
with decreased hospital stay, less pain, less bleed-
ing, earlier recovery of gastrointestinal function,
shorter recovery, and a reduction in wound and
other complication rates compared to the open
approach [8, 9, 12-14]. Some meta-analyses also
showed reduction in perioperative mortality [15].

A final concern with laparoscopic colectomy
is that it may end up being much more expensive
than open colectomy. This is particularly noted
when length of hospital stay is not reduced or
minimally reduced. Many single-center reports
that have been published showing improvements
or worsening of hospital costs. Most recently,
some reports have suggested that in a multicenter
approach the procedure can be completed with
modest increase in costs of approximately $400
[14, 16-20].

Compared to segmental laparoscopic colon
resection, laparoscopic rectal resection is techni-
cally more challenging. In the pelvis, manipula-
tion of the bowel and its mesentery are limited by
the narrow, long pelvis, particularly in males, tall
patients, and in the obese. While avoiding injury
to important structures such as the ureters, pelvic
autonomic nerves, and the presacral veins, one
must perform an oncologically sound total meso-
rectal excision. Despite these limitations, laparo-
scopic surgery can potentially enhance pelvic
dissection in experienced hands by offering a
view with higher magnification. In our opinion,
using laparoscopic visualization, the correct ana-
tomical planes can be identified and followed at
least as well as in open surgery. Although this
could potentially result in improved oncological
outcomes and reduction in local recurrence rates,
this is unlikely to ever be shown in randomized
trials because of variability between patients, sur-
geons, and techniques, and the fact that the most
difficult patients are likely to be performed open
because of complicating factors such as prior sur-
gery, obesity, and male gender.

For laparoscopic rectal cancer surgery, there
are fewer studies to evaluate the oncological
outcomes. However, several series have shown
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prominent results with laparoscopic approach.
Morino et al. reported a prospective series of 100
consecutive laparoscopic TME for middle and
low position rectal tumors. The conversion rate
was 12 %, anastomotic leak rate was 17 %, and
overall postoperative morbidity was 36 %. With a
median follow-up of 46 months, the port site
metastasis rate was 1.4% and the overall local
recurrence rate was 4.2 %. Five-year survival rates
for stage I, II, and III disease were 92 %, 79 %,
and 67 %, respectively. This series reveals that the
oncological outcomes are equivalent to open pub-
lished series [21].

Dulucq et al. reported their 12-year experi-
ence of 218 patients with a mean follow-up of
57 months. Seventy six patients underwent lapa-
roscopic anterior resection and 142 patients
underwent laparoscopic TME. Their conversion
rate was 12% and anastomotic leak rate was
10.5 %, and no port site metastases occurred. The
local recurrence rate was 6.8 %. Overall survival
rate was 67 % at 5 years and 53 % at 10 years.
The short-term complication rate and the long-
term oncological outcome in this series are com-
parable with their prior open reports. Although a
case series, this study also forcefully reveals that
laparoscopic anterior resection and TME with
anal sphincter preservation of rectal cancer can
be safe and effectively performed by experts [22].

Kim et al. conducted a series of 312 patients
who underwent laparoscopic rectal cancer resec-
tion performed by a single surgeon. The conver-
sion rate was 2.6 %, anastomotic leak rate was
6.4%, and overall morbidity rate was 21 %.
Sphincter-preserving surgery was performed in
86 %. The circumferential resection margin posi-
tivity rate was 4.2%. Even though only six
patients received preoperative radiotherapy, the
recurrence rate was 2.9 % at a mean follow-up of
30 months. No port site recurrence was observed.
This report demonstrated that laparoscopic rec-
tal cancer resection can achieve remarkable
short- and long-term outcomes in highly skilled
surgeon [23].

A meta-analysis carried by Heriot et al. was
recently published. The data of all the studies
between 1993 and 2004 which compared open
and laparoscopic surgery for rectal cancer were
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pooled and analyzed. Overall, 2,071 patients in
20 studies matched the selection criteria. 990
(44 %) patients underwent laparoscopic surgery
and 1,162 (56 %) patients underwent open sur-
gery for rectal cancer. This study showed that
there was equivalent in oncologic clearance
between laparoscopic and open surgery. However,
there were some short-term benefits linked with
laparoscopic surgery. It was found that time to
first bowel movement, feeding solids, and lengths
of hospital stay remarkably reduced after laparo-
scopic surgery. In abdominoperineal resections
patients, wound infection and requirement for
postoperative analgesia were also prominently
reduced in the laparoscopic group. This study
demonstrated that laparoscopic rectal cancer sur-
gery results in a resected specimen that is onco-
logically equivalent to open surgery and a shorter
postoperative recovery [24].

The largest comparative randomized trial thus
far accruing patients with rectal cancer is the
CLASSIC trial (shown in Table 11.2). Unlike the
COST study, rectal cancers were included in
CLASSIC trial. Seven hundred and ninety-four
patients with colon and rectal carcinoma were
randomly assigned to laparoscopic and open sur-
gery in a 2:1 fashion. Approximately 50 % of the
patients had rectal cancer. The conversion rate for
the rectal cancer patient was high at 34 %. The
circumferential resection margin positivity rates
were higher in patients undergoing laparoscopic
anterior resection (12% vs. 6 %). However, the

Table 11.2 CLASSIC trial

CLASSIC rectal cancer

Laparoscopy |Open | P
Number of patients 253 128
Conversion 34 % N/A
APR/AR 63/196 34/96 | ns
Positive CRM (APR) | 20% 26 % ns
Positive CRM (AR) 12% 6 % ns
Number of lymph 12 13.5 ns
nodes examined
Anastomotic leak 10% 7% ns
Perioperative 13% 11% ns
morbidity
Hospital stay 11 13 ns

CRM circumferential resection margin
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difference was not statistically significant
(P=0.19). At 3-year follow-up, there were undif-
ferentiated in terms of OS, DFS, or local recur-
rence between laparoscopic AR and open AR
patients. Longer follow-up was recommended
but not available to date [10].

Although many reports showed promising
outcomes for laparoscopic rectal resection, one
has to note that most of these surgeons have sur-
passed their learning curves and have consider-
able expertise in laparoscopic surgery. It is
difficult to generalize these results. More pro-
spective, randomized studies are recommended
for accurate comparison between laparoscopic
and open approach for rectal cancer. Several
other groups have published similarly excellent
results, pending the completion of prospective
randomized trials addressing laparoscopy for rec-
tal cancer [25-28].

11.3 Surgical Procedures
11.3.1 Preoperative Planning

Preoperative preparation of the patient for laparo-
scopic colorectal surgery depends on the urgency
and magnitude of the procedure, the medical con-
dition of the patient, and the underlying tumor
pathology. The surgeon must grasp the exact gen-
eral medical condition of patient, including any
comorbidities that may predispose the patient to
cardiopulmonary, cerebrovascular, or musculo-
skeletal complications. These comorbidities
should be corrected or optimized prior to opera-
tion. Fluid and electrolyte disorders should be
corrected and nutritional states should be opti-
mized. All patients should have bowel prepara-
tion to facilitate laparoscopic bowel manipulation.
Prophylaxis for deep venous thrombosis shoul
be carried out for every patient in the form of
heparin and SCDs (brand of antithrombus stretch
socks). In the case of rectal cancer, it is important
for the surgeon to have all the information regard-
ing tumor location, preoperative tumor stage, and
tumor response to preoperative chemoradiother-
apy (CRT). Only then can the surgeon decide an
operation that will offer patient the best chance
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for cure, with minimal morbidity and optimal
functional results.

11.3.2 Positioning

In our practice, patients are positioned in a stan-
dard way regardless of the type of resection. The
patient is positioned and secured on a bean bag
which will allow angulation of the OR table
intraoperatively, to use gravity as an assistant in
holding structures in position. The arms are
tucked at the patient’s side. The legs are placed in
stirrups, with the knee slightly flexed and the hips
straight. The perineum is positioned at the break
of the table, which is especially important for
left-sided lesions. An orogastric tube and a Foley
catheter are inserted. The abdomen is then pre-
pared and draped routinely. The surgeon and
assistant usually stand at either side of the patient,
while the scrub nurse with the instrument table
stand between the patient’s legs.

11.3.3 Surgical Instruments

As laparoscopic surgery continues to advance,
the instrumentation also continues to improve
with time. It should be noted that all the instru-
ments described below are currently available,
both in reusable and disposable format.

11.3.3.1 Laparoscopic Ports

The laparoscopic ports consist of an outer can-
nula and an inner introducer trocar. The trocar
may be sharp or blunt tipped. The ports should be
comfortable to use, not easily dislodged during
operation, and allow for exchange of surgical
instruments efficiently. The port size required
reflects the largest instrument that will be
introduced through the working port. In most
cases, this reflects the stapling devices such as
endoscopic GIA, which requires a port size of
12—15 mm diameter.

11.3.3.2 Graspers and Retractors
Bowel graspers are used to hold and manipulate
the bowel without tearing it. Therefore, use only
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atraumatic graspers for this purpose. They should
be nonconductive to avoid conduction thermal
injury. The coating on the instruments should not
be highly reflective in order to avoid impairment
of the laparoscopic light detecting system.

There are certain situations that require the
use of traumatic graspers. A Maryland grasping
forceps has serrated edges and can be useful in
grasping small bleeding vessels for coagulation
and hemostasis. The laparoscopic Allis forcep is
particularly useful for left-sided colectomy. This
instrument is used to grasp the anvil of a circular
stapler for approximating a left-sided or low rec-
tal anastomosis.

There are several types of retractors, such as
the fan retractor, the paddle retractor, or the
“snake” retractor, that one can use for retraction
of the bowel. However, these retractors are
designed for retraction of a solid organ, such as
the liver, and they do not work as well for small
bowel. In colorectal surgery, we depend on grav-
ity heavily by tilting the table in severe angles to
aid in the displacement of the bowel. Most often,
this type of maneuver is adequate for the opera-
tion. The fan retractor may also be used in the
pelvis for retraction of the mesorectum.

11.3.3.3 Energy-Based Dissecting
Instrumentation

There are two major types of energy-based dis-
secting instruments — the Harmonic and the
LigaSure. The Harmonic is an ultrasonic-based
dissector. The generator generates high-frequency
ultrasound waves, which are converted to
mechanical vibrations in the functional operating
blade. This instrument can be used through the
5 mm ports. The maximum size of the vessels
that can be safely divided by the Harmonic is
about 5 mm in diameter.

The LigaSure works through a different mech-
anism by applying pressure and bipolar cautery,
generating heat to seal the vessels. This instru-
ment comes in 5 mm and 10 mm diameter. The
maximum size of the vessels that can be safely
divided by LigaSure is about 7 mm in diameter.
The thermal injury to the surrounding tissue is
limited to only about 2 mm. In our practice, the
LigaSure is routinely used to seal large vessels

such as the ileocolic, middle colic, and left colic
arteries. We apply double-firing technique to
assure hemostasis before division of these large
vessels. Although both of these energy sources
are effective, we perform most dissection using
scissors and monopolar cautery, as we feel this is
the most expedient technique for dissection.

11.4 Operative Procedures

11.4.1 Laparoscopic Right
Hemicolectomy
11.4.1.1 Step 1.Position
and Equipment (Fig. 11.1)
The patient is positioned on a bean bag and
secured to the table. After induction of general
anesthesia, an orogastric tube and Foley catheter
are inserted. The legs are placed in stirrups and
the arms are tucked at the patient’s side. We use
the atraumatic 5 mm bowel graspers for manipu-
lation of the bowel and use the cautery scissors
for dissection. An Endo GIA with vascular load
or LigaSure is used for division of the ileocolic
artery.

11.4.1.2 Step 2.Port Placement

(Fig.11.2)
A 10 mm subumbilical incision is made. The fas-
cia is opened and the abdomen entered using
Hasson technique. A purse-string stitch on the
fascia and a Rommel tourniquet is used to pre-

Fig.11.1 Position (R hemi)
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Fig.11.2 Port placement (R hemi)

vent air leak. A 10 mm port is inserted. The abdo-
men is insufflated with CO, to pressure of
15 mmHg. Under direct vision, a 12 mm port is
inserted in the left lower quadrant (10 mm if
planning to use LigaSure for vessel division). Its
location is approximately 3 cm medial and supe-
rior to the anterior superior iliac spine. Further
5 mm ports are placed in the left upper, right
lower, and sometimes right upper quadrant. For
obese patients, one may move the left-sided ports
more medially. Make sure at least a hand’s
breadth is present between all ports.

11.4.1.3 Step 3.Exposure

of the Operating Field

(Fig.11.3)
The assistant now moves to the left side of the
patient, standing caudad to the surgeon. The patient
is placed in slight Trendelenburg position and
rotated to the left. The greater omentum is lifted
over the stomach, above the transverse colon. The
small bowel is grasped and moved medially so that
the cecum, terminal ileum, and the ileocolic pedi-
cle are exposed. Gravitational force alone is often
adequate for displacement of the small bowel.

11.4.1.4 Step 4.ldentification
and Division of the lleocolic
Artery (Fig.11.4)
The mesentery of the terminal ileum is grasped
and lifted up. This will expose and stretch the
ileocolic artery. The peritoneum is opened with
cautery scissors along a line between the ileocolic

Fig.11.4 Division ileocolic artery (R hemi)

artery and the superior mesenteric artery. Using
blunt dissection, the ileocolic pedicle is lifted up.
An opening is made with cautery scissors just lat-
eral to the ileocolic artery. Thus a window is cre-
ated around the ileocolic artery for vessel division.
It is important for the dissection to be carried just
anterior to the congenital peritoneum, so that the
retroperitoneal structures such as the ureter will
not be injured and need not be displayed. The vas-
cular division may be done with stapler, energy
source, or clips. High ligation of the ileocolic
artery is performed for cancer cases.

11.4.1.5 Step 5. Mobilization

of the Hepatic Flexure

(Fig.11.5)
After ligation of the ileocolic artery, the plane
between the ascending colon mesentery and the
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Fig.11.5 Mobilization of hepatic flexure (R hemi)

retroperitoneum is developed with blunt dissec-
tion. Laterally the dissection reaches the con-
genital white line of Toldt. Superiorly the
dissection reaches the transverse colon, separat-
ing the mesentery off the anterior surface of the
duodenum and the pancreas. The patient is then
put in reverse Trendelenburg position. The trans-
verse colon is grasped and pulled inferiorly
exposing the gastrocolic ligament. Using cautery
scissors or other energy-based dissection device,
the gastrocolic ligament is divided. Dissection
continues laterally and inferiorly. This dissection
will connect to the prior retroperitoneal dissec-
tion. Laterally, the white line of Toldt is then
completely divided right down to the base of the
cecum.

11.4.1.6 Step 6.ldentification
and Division of the Right
Branch of the Middle Colic
Vessels (Fig.11.6)
In order to easily exteriorize the right colon and
tension-free anastomosis, the middle colic
artery’s right branch is identified and divided.

11.4.1.7 Step 7. Mobilization
of the lleocecal Junction
(Fig.11.7)
The patient is now positioned in Trendelenburg
position. The small bowel is placed superiorly
and medially. The plane between the mesentery
of the terminal ileum and the retroperitoneum is

Fig.11.6 Division of right branch of middle colic artery
(R hemi)

Fig.11.7 Mobilization of ileocecal junction (R hemi)

developed with sharp dissection. The dissection
is carried medially to the third portion of duode-
num. The colon is now completely mobile to the
midline.

11.4.1.8 Step 8.Exteriorization
of the Specimen (Fig. 11.8)

Before extraction of the specimen, the right
colon is grasped and tested for its mobility.
Hemostasis is assured. All trocar incisions
larger than 5 mm (except the subumbilical inci-
sion) are closed with a Carter-Thompson suture
passer and an O Polysorb tie. The cecum is
grasped with an atraumatic bowel clamp.
Pneumoperitoneum is deflated and subumbilical
incision is extended to 3—4 cm. For colon carci-
noma, exteriorizing the specimen should always
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be got through a wound protector (protractor,
medium or small) to reduce the risk of port site
metastasis. The small bowel, colon, and the
mesentery are divided. Specimen is removed to
a nearby table and opened to confirm pathology
and margin.

11.4.1.9 Step 9.Creation

of Anastomosis
An ileocolic anastomosis is fashioned. The mes-
enteric window does not require closure. It is
necessary to check for hemostasis and integrity
of the anastomosis and then returned it to
abdomen.

11.4.1.10 Step 10.Wound Closure

The midline incision fascia is closed in the stan-
dard fashion. The subcutaneous spaces are itri-
gated, and wounds are sutured with subcuticular
4-0 absorbable sutures.

Hints

e Use a Rommel tourniquet for the umbilical
port.

e Use Carter-Thompson with 0 Polysorb tie to
close any port >5 mm.

* Have endoclip in room.

* Use Endo GIA or LigaSure for division of the
ileocolic artery.

e Use a wound protector for cancer cases.
(Protractor, small or medium)

11.4.2 Laparoscopic Sigmoid
Hemicolectomy

11.4.2.1 Step 1.Position

and Equipment

The patient is positioned on a bean bag and
secured to table. After induction of general anes-
thesia, an orogastric tube and Foley catheter are
inserted. The legs are placed in stirrups and the
arms are tucked at the patient’s side. The
perineum should be at or below the break of the
table (Fig. 11.1). Atraumatic 5 mm bowel grasp-
ers are used for manipulation of the bowel, and
cautery scissors for dissection. An Endo GIA
with vascular load or LigaSure is used for divi-
sion of the inferior mesenteric artery. The laparo-
scopic Allis forceps is used for firm holding of
the anvil of a circular stapler.

11.4.2.2 Step 2.Port Placement
(Fig.11.9)

A 10 mm subumbilical incision is made. The fas-
cia is opened and the abdomen entered using
Hasson technique. A purse-string stitch on the
fascia and a Rommel tourniquet is used to prevent
air leak. A 10 mm port is inserted. The abdomen
is insufflated with CO, to pressure of 15 mmHg.
Under direct vision, a 12 mm port is inserted in
the right lower quadrant. Its location is approxi-
mately 3 cm medial and superior to the anterior
superior iliac spine. Further 5 mm ports are placed
in the right upper and left lower quadrant. A left

Fig.11.8 Exteriorization of specimen (R hemi)

Fig.11.9 Port placement (sigmoid colectomy)
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upper quadrant port is selectively inserted to assist
splenic flexure mobilization. For obese patients,
one may move the right-sided ports more medi-
ally. Make sure there is at least a hand’s breadth
distance between all ports.

11.4.2.3 Step 3.Exposure

of the Operating Field

(Fig.11.10)
The assistant now moves to the right side of the
patient, standing cephalad to the surgeon. The
patient is placed in Trendelenburg position and
rotated to the right. The greater omentum is lifted
superiorly to above the transverse colon. The
small bowel is grasped and moved to the right
side so that the medial aspect of the rectosigmoid
mesentery is exposed. Gravitational force alone
is often adequate for displacement of the small
bowel.

11.4.2.4 Step 4.ldentification

of Inferior Mesenteric

Vessels and Left Ureter

(Fig.11.11)
The rectosigmoid mesentery at the level of the
sacral promontory is grasped and lifted anteriorly
and superiorly. The contour of the inferior mes-
enteric artery (IMA) pedicle at the level of the
pelvic brim is demonstrated. The peritoneum
beneath the IMA groove is opened with cautery
scissors. This opening is extended to the origin of
the inferior mesenteric artery cranially and to the

sacral promontory caudally. Using a blunt instru-
ment, the inferior mesenteric artery is lifted. A
dissection plane is developed to reveal the poste-
rior surface of the capsule of the IMA. This keeps
the hypogastric nerves posteriorly and ureter pos-
terolaterally safe from injury. Unlike laparo-
scopic right hemicolectomy, it is necessary to
identify the ureter before proceeding with the rest
of the operation. If the left ureter cannot be dis-
covered, the anatomy may be too deep in the ret-
roperitoneum. In this situation, the ureter has
often been elevated on the back of the inferior
mesenteric pedicle. The surgeon should try to
perform the dissection close to the vessel to dis-
cover the ureter and to protect the autonomic
nerves. If the surgeon still can’t find the ureter,
then a lateral to medial approach often helps.
Starting just distal to the sacral promontory is
usually an easy way to discover the correct plane.
Rarely the left ureter might not be identified, or
else the options are either insertion of ureteric
stents or conversion to open surgery.

11.4.2.5 Step 5.Division
of the Inferior Mesenteric
Artery (Fig.11.12)
An opening is made with cautery scissors lat-
eral to the inferior mesenteric artery to create a
window in the peritoneum. The vascular divi-
sion may be got with an energy source, stapler,
or clips. High ligation (division above the left
colic artery) of the vessel is performed. There

Fig. 11.10 Exposure of operating field (sigmoid
colectomy)

Fig.11.11 Identification of IMA and left ureter (sigmoid
colectomy)
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Fig.11.12 Division of IMA (sigmoid colectomy)

are several advantages in performing high liga-
tion of the IMA. This removes the apical lym-
phatic nodes along with the resected surgical
specimen. It maintains collateral supply to the
left colon by preserving the bifurcation of the
ascending and descending branches of the left
colic artery. A high ligation of the IMA also
assists in attaining a tension-free colorectal
anastomosis; this is especially true for low rec-
tal carcinomas.

11.4.2.6 Step 6.Division

of the Inferior Mesenteric

Vein (IMV) (Fig. 11.13)
The peritoneum is dissected along the lower bor-
der of the IMV from the IMA up to the ligament
of Treitz. Division of the IMV at this level assists
in mobilization of the left colon and attaining a
tension-free colorectal anastomosis. The vascular
division is performed with an energy course, sta-
pler, or clips.

11.4.2.7 Step 7. Mobilization
of the Left Colon (Fig. 11.14)

After division of the inferior mesenteric vessels,
the plane between the left mesocolon and the ret-
roperitoneum is developed. By gentle dissection,
the left mesocolon can lightly be lifted off the
retroperitoneum from a medial approach. This
plane is developed laterally to the white line of
Toldt (lateral attachment of the colon). Superiorly
the dissection is carried toward the splenic flex-
ure, dissecting the bowel off the anterior surface

Fig. 11.14 Mobilization of
colectomy)

left colon (sigmoid

of the Gerota’s fascia. Dissection is then carried
inferiorly to mobilize the right side of the
mesorectum.

After completing the medial dissection, a lat-
eral dissection is carried out. The rectosigmoid
junction is grasped and drawn to the right side of
the patient. The lateral attachments of the sig-
moid colon and the descending colon are divided
using cautery scissors. Once this is done, the left
and sigmoid colon are completely free and
become a midline structure.

11.4.2.8 Step 8.Division of the Upper
Rectum and Mesorectum
(Fig.11.15)

The rectosigmoid junction is grasped and

drawn out of the pelvis. This reveals the
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11.15 Division rectum

Fig.
colectomy)

of upper (sigmoid

posterior surface of the mesorectum and the
presacral space. A decision is made about the
distal margin of resection (a flexible endoscope
may be inserted to identify for position of the
carcinoma). The peritoneum is opened with
cautery scissors perpendicular to the colon.
A tunnel between the rectum and the mesorec-
tum is then developed using atraumatic bowel
graspers. This step is carried out very carefully
to prevent perforation of the rectum or avulsion
of small vessels off the back of the mesorec-
tum. A laparoscopic linear stapler, such as
Endo GIA stapler, is inserted through the
12 mm port in the right lower quadrant to
divide the rectum.

11.4.2.9 Step 9.Division of the Upper
Rectum and Mesorectum
(Fig.11.16)
The left lower quadrant port site incision is
enlarged to 3—4 cm. For colon carcinoma, exte-
riorizing the specimen should always be got
through a wound protector (protractor, medium
or small) to reduce the risk of port site metasta-
sis. The specimen is then exteriorized. The
descending colon mesentery and the bowel are
divided. A Babcock clamp is placed on the
proximal end of the colon to prevent it from
slipping back inside the abdomen. The speci-
men is examined to confirm adequacy of
margins.

Fig. 11.16 Exteriorization of
colectomy)

specimen  (sigmoid

Fig.11.17 Colorectal anastomosis (sigmoid colectomy)

11.4.2.10 Step 10.Creation

of the Anastomosis

(Fig.11.17)
A purse-string suture is placed on the proximal
end of the colon. The anvil of a circular stapler is
inserted (normally size 28 in our practice) and the
purse-string suture tied. The colon end with the
anvil is returned to the abdomen and the fascia is
closed. The abdomen is then insufflated again. It
is important to make sure that there is adequate
reach so that there is no tension on the anastomo-
sis. It is also important to check the colonic mes-
entery orientation to avoid torsion of the
anastomosis. If reach is not adequate, then fur-
ther mobilization of the splenic flexure is neces-
sary. The circular stapler is inserted through the
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anus and discreetly advanced up to the rectal
remnant resection line. Then the anastomosis is
made under direct vision.

The anastomosis is checked with the follow-
ing steps. First the doughnuts are examined to be
sure that they are completely intact with all
layers. Then the rectum is insufflated with air
with the pelvic cavity filled with water. If during
these steps the anastomosis was found to be inad-
equate, then it should either be redone or strength-
ened with sutures.

11.4.2.11 Step 11.Wound Closure

All trocar incisions larger than 5 mm are sutured.
The subcutaneous spaces are irrigated, and
wounds are sutured with subcuticular 4-0 absorb-
able sutures.

Hints

e Use a Rommel tourniquet for the umbilical
port.

e Use Carter-Thompson with 0 Polysorb tie to
close any port >5 mm.

* Have endoclip in room.

* Use Endo GIA or LigaSure for division of the
inferior mesenteric vessels.

* For division of the rectum, two firings are usu-
ally required with the Endo GIA.

e To check for reach (for anastomosis), place
the colon with anvil into the pelvis. If it lies
there without falling back into abdomen, then
reach is adequate.

e Use a wound protector for cancer cases (pro-
tractor, small or medium).

11.4.3 Laparoscopic Low Anterior
Resection

The decision for abdominoperineal resection with
colostomy or a low anterior resection is based on
oncological principles, patient preference, and the
experience of the surgeon. Abdominoperineal
resection is normally reserved for patients with
tumors abutting the sphincter complex or those
patients with anal incontinence.
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11.4.3.1 Step 1.Position
and Equipment
As per description of laparoscopic

hemicolectomy.

sigmoid

11.4.3.2 Step 2.Port Placement
As per description of laparoscopic
hemicolectomy.

sigmoid

11.4.3.3 Step 3.Exposure

of the Operating Field
As per description of laparoscopic
hemicolectomy.

sigmoid

11.4.3.4 Step 4.ldentification
of Inferior Mesenteric
Vessels and Left Ureter
As per description of laparoscopic
hemicolectomy.

sigmoid

11.4.3.5 Step 5.Division
of the Inferior Mesenteric
Artery
As per description of laparoscopic sigmoid
hemicolectomy.

11.4.3.6 Step 6.Division

of the Inferior Mesenteric

Vein
As per description of laparoscopic sigmoid
hemicolectomy.

11.4.3.7 Step 7. Mobilization

of the Left Colon
As per description of laparoscopic sigmoid
hemicolectomy.

Complete mobilization of the left colon is not
necessary. The left colon is only mobilized
enough to give adequate length for the
colostomy.

11.4.3.8 Step 8.Proximal Division

of the Left Colon
The division level of the left colon is selected to
secure a healthy and well-functioning stoma. The
left colon mesentery is divided at the preferred
level. The marginal artery can be clipped and
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divided. The surgeon can also use an energy
source to divide the mesentery up to the bowel
edge. The colon is then divided with a laparo-
scopic linear stapler.

11.4.3.9 Step 9. Mobilization

of the Rectum
As per description of laparoscopic sigmoid
hemicolectomy.

To perform a total mesorectal excision is nec-
essary; however, the pelvic dissection does not go
to the anal canal but rather stops at the tip of the
coccyx posteriorly and below the prostate anteri-
orly. A sponge is placed posteriorly at this site,
which will be removed during the perineal dis-
section. The levator ani muscles are usually
divided from below after making the perineal
incision.

11.4.3.10 Step 10.Creation of Left
lliac Fossa Colostomy

A skin disk is excised at the left iliac fossa colos-
tomy site. The anterior rectus fascia is opened
longitudinally with cautery. The rectus muscle is
then split with a long Kelly. The peritoneum is
grasped and opened. The distal end of the left
colon is delivered through the ostomy site and
grasped by a Babcock forceps. The colostomy is
then matured with absorbable sutures in the stan-
dard fashion.

11.4.3.11 Step 11.Perineal Dissection

The anus is closed with a 2-0 nylon suture, and
the perineum usually requires to be re-prepared
and draped. An elliptical skin incision is made
around the anus. Laterally, the dissection plane
is outside the external anal sphincter muscle.
The incision continues deeply to enter the
ischiorectal fossae bilaterally. The tip of the
coccyx is the posterior landmark of the dissec-
tion. However, in some posterior rectal cancer,
the coccyx may be resected with the specimen
to ensure a safe resection margin. The dissection
continues laterally and posteriorly to expose the
levator ani muscles. The levator ani muscles are
then divided posteriorly, entering the pelvis at
the distal margin of the abdominal dissection
and removing the sponge that had been placed
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laparoscopically. The remaining lateral and
anterior ~ attachments are then divided.
Technically the anterior dissection is often the
most challenging. The urethra in men and the
posterior vaginal wall in women must not be
injured during anterior dissection. Once the per-
ineal dissection is completed, the specimen can
be delivered through the perineal opening. The
perineal wound is then thoroughly irrigated to
wash out blood and debris. Pelvic and perineal
hemostasis is secured and the wound closed in
layers.

11.4.3.12 Step 12.Wound Closure

All trocar incisions larger than 5 mm are sutured.
The subcutaneous spaces are irrigated, and
wounds are sutured with subcuticular 4-0 absorb-
able sutures.

Hints

e Use a Rommel tourniquet for the umbilical
port.

e Use Carter-Thompson with 0 Polysorb tie to
close any port >5 mm.

¢ Use Endo GIA or LigaSure for division of the
inferior mesenteric vessels.

e Proximal division of the left colon is done
before the perineal dissection is completed.
This is because the pneumoperitoneum will
disappear once the perineal dissection reaches
the abdominal cavity.

* During rectal dissection, the uterus can be sus-
pended from the abdominal wall using a Keith
needle.

e During anterior perineal dissection, the speci-
men may be extracted from the pelvis to facili-
tate division of any remaining anterior
attachments of the rectum.

* Use a wound protector for cancer cases (pro-
tractor, small or medium).

11.4.4 Laparoscopic Hartmann
Procedure

Infrequently a laparoscopic Hartmann procedure
may be required for patients with rectal cancer.
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The indications for this procedure are generally
related to very advanced age or infirmity in whom
one does not want to put the patient at risk of a
coloanal anastomosis or when anal sphincter tone
is inadequate for anastomosis. This has the poten-
tial benefit of avoiding a perineal wound for these
infirm patients.

11.4.4.1 Step 1.Position

and Equipment

As per description of laparoscopic low anterior
resection.

11.4.4.2 Step 2.Port Placement
As per description of laparoscopic low anterior
resection.

11.4.4.3 Step 3.Exposure

of the Operating Field
As per description of laparoscopic low anterior
resection.

11.4.4.4 Step 4.ldentification

of Inferior Mesenteric

Vessels and Left Ureter
As per description of laparoscopic low anterior
resection.

11.4.4.5 Step 5.Division
of the Inferior Mesenteric
Artery
As per description of laparoscopic low anterior
resection.

11.4.4.6 Step 6.Division

of the Inferior Mesenteric

Vein
As per description of laparoscopic low anterior
resection.

11.4.4.7 Step 7. Mobilization

of the Left Colon
As per description of laparoscopic low anterior
resection.

It is not necessary to mobilize the left colon
completely. The left colon is only mobilized
enough to give adequate length to the colonic
stoma.
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11.4.4.8 Step 8. Mobilization

of the Rectum
As per description of laparoscopic low anterior
resection.

11.4.4.9 Step 9.Division

of the Rectum
As per description of laparoscopic low anterior
resection.

11.4.4.10 Step 10.Exteriorization

of the Specimen
The specimen can be extracted from a left lower
quadrant stoma site, or it can be extracted through
a separate Pfannenstiel incision, especially if the
bowel and mesentery are bulky. The left colon is
divided and the specimen removed and checked
for margin.
11.4.4.11 Step 11.Creation of Left
lliac Fossa Colostomy
As per description of laparoscopic abdominoper-
ineal resection.

11.4.4.12 Step 12.Wound Closure

All trocar incisions larger than 5 mm are sutured.
The subcutaneous spaces are irrigated, and wounds
are sutured with subcuticular 4-0 absorbable sutures.

11.4.5 Laparoscopic Loop Sigmoid
Colostomy

When patients presented with obstructing unre-
sectable rectal cancer, palliative options might
help the patient. The options include endoscopi-
cally placed rectal stents, fulguration of the rectal
tumor, and laparoscopic loop colostomy.
11.4.5.1 Step 1.Position

and Equipment

As per description of laparoscopic sigmoid
colectomy.

11.4.5.2 Step 2.Port Placement
(Fig.11.18)

A 10 mm subumbilical incision is made. The

fascia is opened and abdomen entered using
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Fig.11.18 Port placement (loop sigmoid colostomy)

Hasson technique. A purse-string stitch on the
fascia and a Rommel tourniquet is used to pre-
vent air leak. A 10 mm port is inserted.
Abdomen is insufflated with CO2 to pressure of
12 mmHg. Under direct vision, in the right
lower quadrant, a 5 mm port is inserted. Its
location is approximately 3 cm medial and
superior to the anterior superior iliac spine.
Another 5 mm port is placed in the right upper
quadrant. If an additional port is required, it can
be placed at the planed ostomy site. Make sure
at least a hand’s breadth distance is present
between all ports.

11.4.5.3 Step 3.Exposure

of the Operating Field
As per description of laparoscopic sigmoid
colectomy.

11.4.5.4 Step 4. Mobilization

of the Sigmoid Colon
The surgeon grasps the sigmoid colon and raises
it toward the abdominal wall. If the sigmoid
colon cannot reach the abdominal wall without
tension, then division of lateral attachments of
sigmoid colon is necessary.
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11.4.5.5 Step 5.Creation of Left lliac
Fossa Colostomy

A skin disk is excised at the left iliac fossa colos-
tomy site. The anterior rectus fascia is opened
longitudinally with cautery. The rectus muscle is
then split with a long Kelly. The peritoneum is
grasped and opened. The sigmoid colon is deliv-
ered through the ostomy site and grasped by a
Babcock forceps. A stoma rod is passed between
the bowel and the mesentery to support the colon.

11.4.5.6 Step 6.Wound Closure

All trocar incisions larger than 5 mm are sutured.
The subcutaneous spaces are irrigated, and
wounds are sutured with subcuticular 4-0 absorb-
able sutures.

11.4.5.7 Step 7.Stoma Maturation
The loop colostomy is matured with absorbable
sutures in the standard fashion.

11.5 Postoperative Care
for Colorectal Surgery Using
Fast-Track Care Pathways

For patients undergoing major abdominal surger-
ies, the traditional postoperative care pathway
involves the routine use of nasogastric tubes,
prolonged abstinence of oral intake until the
patient demonstrates gastrointestinal (GI) func-
tion with flatus, copious analgesia, and prolonged
bladder catheterization. As a result of this type of
postoperative management, patients routinely stay
in the hospital for 1-2 weeks following colorectal
surgery. There are many unwanted consequences
with prolonged hospital stays. On an individual
level, patients tend to have increased nosocomial
infections and complication with prolonged stay.
At the institutional or national level, it means more
stress on medical resources which have been lim-
ited already. The HCFA data (Medicare) from 1999
to 2000 in the USA demonstrated that approxi-
mately 160,000 patients underwent major intestinal
and colorectal resection, with a mean postoperative
stay of 11.3 days and with a total of 1.8 million bed
days. The estimated total postoperative cost was
$1.75 billion per annum.
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There is increasing effort over the past decade
to develop approaches to reduce hospital stay and
improve efficiency of provision of care.
Postoperative stay is related to pain, ileus, fatigue,
stress-induced organ dysfunction, and mechani-
cal factors (such as drains). Multiple studies have
been conducted to explore the effect of these
factors.

Cheatham ML et al. studied the effect of rou-
tine nasogastric tubes after elective laparotomy.
A meta-analysis was performed utilizing data
from 26 trials and 3,694 patients. Their study
revealed that for those patients who didn’t man-
age with nasogastric tubes, there was greater
incidence of abdominal distension and vomiting
requiring 5 % reinsertion rate of the nasogastric
tubes. There were no other complications. Fever,
atelectasis, and pneumonia were meaningfully
less common and days to first oral intake were
meaningfully fewer in patients who didn’t man-
age with nasogastric tubes. They concluded that
routine nasogastric decompression is not sup-
ported [29].

Postoperative pain management is essential
for patients’ recovery. The aim for postoperative
pain control is to reduce or eliminate pain with
minimum side effects as efficiently as possible.
Since pain in the postoperative period represents
the effect of several different nociceptive mecha-
nisms, several different treatment modalities can
be used in combination to optimize analgesia and
minimize side effects. This includes opioid anal-
gesia (IV form such as PCA or oral form),
NSAIDs, and/or epidurals. Knowing that indi-
vidual requirements for opioids vary consider-
ably, patient-controlled analgesia (PCA) has
become a popular choice for postoperative pain
control. These systems, which allow patients
administer their own intravenous analgesia and
titrate the dose to their own end-point of pain,
therefore allow lower doses to be administered.

There are some controversies in terms of the
efficacy of epidural anesthesia. It has been sug-
gested by some doctors that the use of local anes-
thetic through the epidural may improve
gastrointestinal function and reduce ileus [30].
Carli et al. showed that thoracic epidural analge-
sia provides superior quality of analgesia and
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shortens the duration of postoperative ileus
(POI), and this has been confirmed in Cochrane
database meta-analysis. However, these and other
studies do not demonstrate any shortening of hos-
pital length of stay (LOS) with epidural [31, 32].

NSAIDs have not only analgesic but also anti-
inflammatory actions. Their action mechanism is
mainly predominantly by inhibition of prosta-
glandins, the chief mediators of inflammation. It
has been demonstrated in several randomized
studies that the combination of NSAIDs with
opioids improves analgesia and reduces analge-
sia requirements.

POI is defined as a transient impairment of
bowel motility occurring after surgery. It is con-
sidered a usual response to surgery. The average
ileus duration after major abdominal surgery var-
ies depending on the organ. In general, the small
intestine recovers first (12—24 h), then the stom-
ach (2448 h), and finally the colon (48—120 h).
The postoperative ileus duration is connected
with the anatomic location of surgery, degree of
surgical manipulation, and the magnitude of
inflammatory response. The pathogenesis of
ileus is not completely understood, but it is gen-
erally accepted that there are three major factors
causing it: inhibitory sympathetic reflexes initi-
ated from the injury site, local intestinal inflam-
matory responses, and the use of opioids.

Traditionally, the therapy has primarily
involved nasogastric intubation and IV fluids.
Some surgeon even uses laxatives or prokinetic
agents for the management of postoperative ileus,
although studies do not show any consistent clin-
ical benefit to reduce POI with these efforts.
Recently, however, as more active researches car-
ried out in this field, some pharmacologic options
are emerging for preventing postoperative ileus.

The most promising group of pharmacologic
agents to date are peripheral opioid receptor
antagonists. These agents selectively inhibit the
GI tract mu-opioid receptors without reversing
centrally mediated opioid-induced analgesia.
Two peripherally acting mu-opioid receptor
antagonists have been studied extensively.
Alvimopan has been shown to reduce postopera-
tive nausea and vomiting, POI, and the hospital
LOS. In the USA, it was recently approved for
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the POI treatment after abdominal surgery with
bowel resection. Methylnaltrexone has also been
evaluated for the POI treatment. Phase II data
demonstrated that methylnaltrexone was effec-
tive for reducing POI and LOS, improving GI
recovery. But further studies are necessary to
determine the potential role of methylnaltrexone
in the prevention of POI [33-39].

Based on the data mentioned above, the con-
cept of “fast-track” or “enhanced recovery” post-
operative care was developed to accelerate
recovery, reduce hospital stay, and improve mor-
bidity. In essence, multimodal rehabilitation
emphasizes on preoperative information, reduc-
ing the surgical stress responses and optimizing
pain relief, and early mobilization and oral nutri-
tion reduces hospital stay, morbidity, convales-
cence, and cost.

Basse et al. performed a prospective, non-
randomized study in 30 consecutive patients who
undergo fast-track rehabilitation manage and 30
consecutive patients who undergo conventional
care manage after colonic surgery. The median
hospital stay was reduced from 8 days in the con-
ventional care group to 2 days in the fast-track
group. They also demonstrated that fast-track
rehabilitation results in earlier normal activities
resumption with reduced fatigue without
increased needing for nursing care [40].

We performed a prospective, randomized, con-
trolled trial between a pathway of controlled reha-
bilitation with early ambulation and diet (CREAD)
and traditional postoperative care after laparot-
omy and intestinal resection. Sixty-four patients
underwent intestinal or rectal resections were ran-
domly assigned to pathway of CREAD and tradi-
tional postoperative care. We reported a significant
reduction in the length of stay from 7.1 days in
traditional group to 5.4 days in fast-track group.
There was undifferentiated in terms of readmis-
sion or complication rates, pain score, or quality
of life after surgery [41]. In other studies, we
reported these pathways reducing mean hospital
stay to 4.3 days after open colorectal surgery,
including reoperative and pelvic surgery [42].

The application of laparoscopic surgery to
colorectal resection can easily be integrated into
fast-track protocols. Delaney et al. compared the
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short-term outcomes in age-matched patients
who underwent laparoscopic versus open colec-
tomy managed with CREAD protocol. It was
demonstrated that CREAD protocol can be safely
done in all age groups. There were some addi-
tional benefits to older patients because of reduc-
tions in length of hospital stay, morbidity and
mortality rates, and direct cost of care. In a sepa-
rate study, the same authors also demonstrated
that CREAD protocol can be applied to complex
reoperative pelvic surgeries with a reduction in
the length of hospital stay without any increased
complications [43]. Most recently, we have
shown that these pathways can be used in combi-
nation with laparoscopy to give mean hospital
stays of under 4 days for laparoscopic colorectal
surgery and median stays of 3 days for rectal sur-
gery, with up to 10 % of patients going home 24 h
after surgery [44, 45].

In conclusion, current results from the studies
of fast-track colonic surgery demonstrate that this
technique can improve postoperative organ func-
tions; allow for early rehabilitation with decreased
hospital stay, convalescence, and costs; and be
applied safely to patients undergoing either open
or laparoscopic colorectal surgery.

e CREAD Protocol for Open Colectomies:

— Preoperative information and education.

— No nasogastric intubation or epidurals.

— PCA analgesia, supplementary IV Toradol.

— Encouraged to ambulate five times a day
post-op day 1.

— Liquids ad lib after surgery. Carbohydrate
drink daily.

— Diet from morning post-op day 2.

— Oral analgesia post-op day 2 if tolerating

diet.
— Foley out post-op day 2.
e CREAD  Protocol  for  Laparoscopic
Colectomies:

— Preoperative information and education.

— No nasogastric intubation or epidurals.

— PCA analgesia, supplementary I'V Toradol.

— Encouraged to ambulate five times a day
post-op day 1.

— Liquids ad lib after surgery. Carbohydrate
drink daily.
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— Diet from morning post-op day 1, chewing
gum.

— Oral analgesia post-op day 1 if tolerating
diet.

— Foley out post-op day 1.

Discharge Criteria:

— Passing flatus or stool

— Tolerating fluids and solid diet

— Comfortable on oral analgesia

— Happy to be discharged, with adequate
home support
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12.1 Introduction

Colorectal cancer (CRC) is one of the primary
causes of cancer death worldwide, ranking sec-
ond in Europe and third in the USA and Asia [1,
2]. Nearly 50 % of colorectal cancer patients can
develop liver metastases at some point during the
course of their disease [1, 3, 4]. Surgical resec-
tion remains the only method that can ensure
long-term survival in 25-40% of the patients
with colorectal liver metastases so far [5, 6].
Unfortunately, only 15-20% of patients can
undergo surgical resection at the time of diagno-
sis [4]. In patients with initially unresectable
metastases, chemotherapy is the only therapeutic
option, but 5-year survivors who are treated by
chemotherapy alone are anecdotic. After surgical
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resection of liver metastatic lesions, recurrences
are still observed in a majority of patients [7]. In
the case of improving the oncological results in
operated patients, the mutlimodality approach
should be the standard of care. Neoadjuvant che-
motherapy has been evaluated in initially resect-
able liver metastasis patients. This chapter will
summarize the current statistics on the rationale,
advantages, and potential disadvantages of neo-
adjuvant chemotherapy in resectable CRC liver
metastasis patients.

12.2 The Rationale
for Neoadjuvant
Chemotherapy in Patients
with Resectable Liver
Metastases

After “curative” surgical resection of CRC liver
metastasis patients, 5-year survival rates range
from 30% to 50%. However, recurrences are
observed in the majority of patients who undergo
liver resection after resection of liver metastases
despite progress in developed surgical technique
and improved surgical skills [5, 6, 8].

In the case of improving the oncological
results, adjuvant treatment which uses fluoroura-
cil (5FU), folinic acid, or floxuridine in systemic
chemotherapy or hepatic arterial infusion has
been evaluated after resection of CRC liver
metastases in several randomized studies [9-13],
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but definite survival benefit has not yet been con-
firmed so far. Recently, a meta-analysis showed
that, after complete resection of CRC liver
metastases, a SFU-based adjuvant CT vs. no
postoperative chemotherapy tended to improve
disease-free and overall survival, but the
observed increases in survival did not reach sta-
tistical significance (27.9 vs. 18.8 months,
respectively [p=0.059], for disease-free survival
and 62.2 vs. 47.3 months, respectively [p=0.95],
for overall survival) [14]. Ychou et al. has pre-
sented a randomized phase III study comparing
systemic chemotherapy with 5FU vs. irinotecan-
based regimen as adjuvant treatment after com-
plete resection of colorectal liver metastases at
the ASCO Annual Meeting 2008 [15]. This
study did not show any significant advantage in
disease-free survival for the addition of irinote-
can to SFU [15].

Overall, the sole application of adjuvant che-
motherapy after liver metastasis resection may
not be sufficient to improve long-term prognosis.
New approaches are needed. Some of the advan-
tages of preoperative administration of chemo-
therapy are as follows (Table 12.1):

e To test the chemoresponsiveness of metasta-
ses while they are still measurable in the liver,
which can help decide which treatment should
be given after resection [4].

e To eliminate micrometastatic disease and
eradicate dormant cancer cells of liver
metastasis.

e To increase the complete resection rate and
spare more non-tumorous liver parenchyma if
tumor is shrinked during neoadjuvant chemo-
therapy [16].

e To provide a useful tool to predict long-term
survival. Indeed, several studies have dem-
onstrated that response to neoadjuvant che-
motherapy was a significant prognostic
factor and could provide a better selection
of candidates for surgical resection. Allen
et al. [17] have compared the outcomes of
patients referred for resection of synchro-
nous colorectal liver metastases with previ-
ous neoadjuvant chemotherapy vs. without
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Table 12.1 Potential benefits and risks of preoperative
chemotherapy

Benefits Risks

Improved progression-free Delayed surgery

survival
More reversible
surgical complications

Evaluation of
chemoresponsiveness

Selection for surgery Chemotherapy-

associated liver
injuries

Fewer “open and close” Complete response

making metastases
difficult to find

Low operative mortality Cost

previous neoadjuvant chemotherapy. The
5-year survival was undifferentiated in two
groups. Patients with stable disease or dis-
ease responding to chemotherapy had a bet-
ter survival than patients who did not receive
chemotherapy (85 % vs. 35%, p=0.03). In
another study, tumor progression during
neoadjuvant chemotherapy was also related
to reduced 5-year survival rate when com-
pared to patients with tumor response or
stable disease (8% vs. 37% and 30 %,
respectively, p<0.001) [18]. In this study,
tumor progression while on chemotherapy
was an independent predictive factor associ-
ated with decreased survival and considered
by the authors as a contraindication to liver
resection. Recently, three studies have eval-
uated the impact of pathologic response to
chemotherapy on outcome after resection
[19-21]. Rubbia Brandt et al. have elabo-
rated the tumor regression grading (TRG)
system to evaluate tumor response to neoad-
juvant chemotherapy. In this study, major
histological tumor regression was associ-
ated with improved survival [19]. Two other
studies have focused on the impact of com-
plete pathologic response on long-term out-
come [20, 21]. Results of these two studies
are  consistent: Complete pathologic
response is associated with increased long-
term survival rates and pathologic response
to chemotherapy is an important prognostic
factor.
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12.3 Potential Risks
of Preoperative
Chemotherapy

Neoadjuvant chemotherapy has potential defects
(Table 12.1).

Application of preoperative chemotherapy may
induce pathologic application in the non-tumorous
liver parenchyma [20—-30]. There were reports that
preoperative chemotherapy has two main types of
chemotherapy-associated liver injuries: vascular
changes including sinusoidal dilatation and nonal-
coholic fatty liver disease related to chemotherapy
including chemotherapy-associated steatosis and
steatohepatitis (CASH). Application of 5-fluoro-
uracil may increase the risk of steatosis [28].
Application of oxaliplatin-based combination reg-
imens may be associated with an increased risk of
vascular lesions in the liver [22, 25, 26, 30].
Irinotecan-containing regimens can increase the
risks of steatosis and steatohepatitis [23, 25].

The  critical question is  whether
chemotherapy-associated liver injuries have any
clinical significance and in particular if they are
associated with an increased risk of liver sur-
gery for metastases. The relation between the
type of lesions induced by chemotherapy and
their potential clinical consequences has been
reported. Kooby et al. showed that steatosis
increase the risk of complications, in particular
infectious complications, but had no effective
impact on mortality [29]. Vauthey et al. showed
that steatohepatitis was observed in 20% of
patients with irinotecan-based chemotherapy
and may be associated with death due to postop-
erative liver failure in 7 % of patients with ste-
atohepatitis [25]. Impact of vascular lesions on
postoperative course after liver resection is con-
troversial. Nakano et al. have reported that
occurrence of sinusoidal injuries could increase
the risk of major hepatectomy for colorectal
liver metastases [30], whereas in the other report
[25], vascular lesions were only associated with
an increased risk of operative bleeding but not
perioperative morbidity or mortality [25].

The European Organisation for Research and
Treatment of Cancer (EORTC) Intergroup phase

II study 40983 have compared the outcomes of
perioperative chemotherapy with SFU, leucovorin,
and oxaliplatin (six cycles before surgery and six
cycles after) to surgery alone in 364 patients [31].
The results of safety showed that in the two treat-
ment arms, the mortality rate was both less than 1 %
and was not statistically significant [31]. Morbidity
rate was slightly higher in the chemotherapy arm
than in the surgery-alone arm (25% vs. 16%;
p=0.04) (Table 12.2), but still in the range of other
reports’ observation [5, 6, 32]. Intra-abdominal
abscesses and transient biliary fistula were more
frequent in the chemotherapy arm. Thus, preop-
erative administration of six cycles of FOLFOX
(a kind of Chemotherapy regimen, including
Oxaliplatin, Fluorouracil and Leucovorin ivgtt) is
safe and feasible. Even though no report clearly
demonstrated the correlation between increased
morbidity rates and duration of neoadjuvant chemo-
therapy, there are several arguments to support the

Table 12.2 Postoperative complications in EORTC
intergroup trial 40983

Period CT | Surgery

group group
Reversible postoperative 40 (25 %) | 27 (16 %)
complications?
Cardiopulmonary failure 3(2%) 2 (1%)
Bleeding 3(2%) 3(2%)
Biliary fistula 138%) |7 (4%)
Hepatic failure 11 (7%) |8(5%)
Wound infection 53 %) 4 (2 %)
Intra-abdominal infection 11 (7%) |4Q2%)
Need for reoperation 5 3 %) 32 %)
Urinary infection 4 (3%)
Pleural effusion 2 (1%) 1 (1%)
Pulmonary embolism/deep 2 (1 %) 1(1%)
venous

Pneumopathy 2 (1%)
Neutropenia 1(1%)

Ascites 2 (1%) 1(1%)
Ileus 1 (1%)
Cardiac arrhythmia 1 (1%)
Renal failure 4 (3%) 1(1%)
Other 4 (2%)

Modified from Lancet 2008;371:1007-16

p=0.04
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hypothesis of a cumulative toxicity of chemother-
apy on non-tumorous liver parenchyma [24, 26,
30]. Preoperative chemotherapy is safe if it is prop-
erly chosen and monitored and if patients are not
over chemotherapy-treated before surgery.

The potential risks of liver surgery after
administration of combinations of cytotoxic
drugs and targeted agents are poorly under-
stood. Anti-EGF agents, particularly cetuximab,
which could interfere with surgery have little
known side effect. In some researches, it is dem-
onstrated that bevacizumab, an anti-VEGEF, can
be supervised securely before liver resection of
colorectal liver metastases and that bevacizum-
ab’s administration is discontinued 6-8 weeks
before surgery. The feasibility and benefits of
liver surgery after administration of novel, sys-
temic targeted agents will be further elaborated
in ongoing prospective clinical studies (EORTC
study 40091 (BOS2 (Efficacy of FOLFOX
Alone, FOLFOX Plus Bevacizumab and
FOLFOX Plus Panitumumab in Patients With
Resectable Liver Metastases) study)):

* When there is a response to chemotherapy,
certain liver metastases may be no longer vis-
ible on imaging and be considered as com-
plete responses. It is significant to wonder
whether these metastases are thoroughly elim-
inated or they are not visible on imaging but
still exist. In order to deal with these puzzlers,
66 liver metastases that disappeared on CT
scan were reviewed [35]. As a result, in more
than 80% of the cases, at the initial site of liver
metastases where still existed viable cancer
cells, which were disappeared on imaging. It
does not mean that complete radiologic
responses stand for the cure of the disease
[35]. So, to the patients with resectable liver
metastases, they should not stop referral to
surgeons until their liver metastases have
completely disappeared. It is necessary to
resect the initial site if the liver metastases
were gone, and the surgeon is required to
identify this site in the liver, a comparatively
difficult and impossible task.

e There will be another theoretical risk if the
metastases progressed so seriously that it
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would become unresectable during preopera-
tive chemotherapy. In the EORTC Intergroup
phase III study 40983, in 12 of 182 (7%)
patients who accepted systemic chemotherapy,
progressive diseases were observed [31]. In
about 12 of these patients, four could even
have resection of metastases. For the rest, half
of the patients cannot have the resection due to
the appearance of new extrahepatic lesions
which can reappear in any site after immediate
surgery. In only one third of cases, the cause of
unresectability was the progression of known
liver metastases. According to the research on
chemotherapy, progression of liver metastases
is a factor of poor prognosis after hepatic
resection. Most of these patients develop early
cancer recurrence. Thus, some authors con-
sider that tumor progression while on chemo-
therapy is a contraindication for surgery [18].

12.4 Benefits of Preoperative
Chemotherapy in Patients
with Resectable Liver
Metastases

Phase II studies using oxaliplatin, or oxaliplatin-
and irinotecan-based regimen, have demon-
strated the potential benefit of preoperative
chemotherapy.

The EORTC Intergroup phase III study 40983
is a prospective randomized study which ran-
domized 364 patients with one to four potentially
resectable liver metastases and compared periop-
erative chemotherapy (six cycles before surgery
and six cycles after) with SFU, leucovorin, and
oxaliplatin to surgery alone [31]. The progression-
free survival was the primary endpoint of this
study. One hundred and seventy-one patients in
each treatment arm were eligible for entry in the
protocol. Twenty-two patients, 11 in each arm
were mainly too much advanced in disease to
enroll. Concerning the tolerance of preoperative
chemotherapy, of the 171 patients who were ran-
domized in the perioperative chemotherapy +
surgery group, 143 patients (84 %) received the
full preoperative treatment, i.e., six cycles before
liver resection. Partial or complete response
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Fig. 12.1 Therapy plan for colorectal liver metastases

according to (Response Evaluation Criteria in
Solid Tumors) RECIST criteria was observed in
43 % of patients [27]. Tumor size was decreased
by a mean of 25 % after chemotherapy. Eighty-
three percent of patients could undergo curative
liver resection in each treatment arm. With a
median follow-up of 3.9 years, the absolute
increased progression-free survival rate at 3 years
was 8.1 % in the perioperative chemotherapy +
surgery group vs. surgery alone group (36.1 % vs.
28.1%, respectively; p=0.041) in eligible
patients. In the 303 patients who actually under-
went surgical resection, progression-free survival
rate at 3 years was increased by 9.2 % in the peri-
operative chemotherapy + surgery group Vvs. sur-
gery alone group (42.4 % vs. 33.2 %, respectively;
p=0.025). In conclusion this study demonstrated
that perioperative FOLFOX4 (a kind of
Chemotherapy regimen, L-OHP 85mg/m?2 ivgtt
for 2h d1, CF 200mg/m2, ivgtt for 2h d1, 5-FU
400mg/m?2 iv, 5-FU 600mg/m?2 ivgtt for 22h d1/
d2) chemotherapy decreased cancer relapse rate

Tumor response No tumor response

v A4

Unresectable 2nd line of chemotherapy

!

Chemotherapy

by a quarter and was compatible with major
surgery.

This study validated the essence of combined
chemotherapy and surgery to treat colorectal
liver metastases. Most patients who have resect-
able colorectal liver metastases should consider
perioperative chemotherapy as the standard of
care (Fig. 12.1).

Conclusion
Combined strategy including chemotherapy
and liver resection has become the standard of
care for patients with resectable liver metasta-
ses. The EORTC study has shown that periop-
erative chemotherapy could reduce the risk of
cancer relapse after surgery. It is easily man-
ageable if patients are well monitored, receive
surgery at the right moment, and are not over-
treated with chemotherapy.

In the future, it is likely that the addition of
targeted therapies to cytotoxic drugs will
increase the efficacy of preoperative treat-
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ment. The interest of such strategies has to be
evaluated in phase III controlled studies such
as the BOS2 study organized by the
Gastrointestinal Group of EORTC.

In the fast-moving field of combined treat-
ment of colorectal cancer liver metastases,

patients should all receive care after multi-
disciplinary  discussion and  repeated
evaluations.
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Surgical Techniques for Metastatic
Hepatic Carcinoma

Jia Fan

13.1 Introduction

Hepatic metastasis of colorectal cancer is a criti-
cal factor affecting prognosis of colorectal can-
cer. For about 25 % of patients, hepatic metastasis
had occurred when colorectal cancer was con-
firmed; for 40-50 % of patients, it would occur
within 3 years after surgery for colorectal cancer
[1]. Surgical therapy is the only means by which
radical treatment can be achieved. With the
improvement of surgical techniques today, the
S-year survival rate has increased to 45-60 %,
from 30 to 35 % in the 1990s [2].

13.1.1 Indications
and Contraindications
for Surgery

It is generally accepted that surgical indications
for hepatic metastasis of colorectal cancer
include the following: (1) primary foci can be
resected radically (RO); (2) hepatic metastatic
foci can be resected and sufficient hepatic func-
tion can be preserved; if the hepatic metastatic
foci and primary foci of colorectal cancer are to
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be resected separately at different stages, the
volume of the residual liver should be >30 %; if
the hepatic metastatic foci and primary foci of
colorectal cancer are to be resected simultane-
ously, the volume of the residual liver should be
>50%; (3) the foci of extrahepatic metastasis
can be resected or ablated; and (4) the patients
have good cardiopulmonary function and can
tolerate surgical treatment.

Surgical contraindications:  uncontrollable
extrahepatic lesion, e.g., unresectable primary
foci, local recurrence of primary foci, peritoneum
involvement, extensive lymphatic metastasis
(Iymphatic metastasis in the retroperitoneal region,
mediastinum, or porta hepatis), or extensive pul-
monary, bony, or central nervous system metasta-
sis [3]. For patients with extrahepatic metastasis,
hepatectomy can still be considered under the fol-
lowing conditions: pulmonary metastasis that can
be resected or locally ablated; solitary extrahepatic
lesions that can be resected or locally ablated, e.g.,
foci occurred in spleen or adrenal, or locally
recurred foci; foci of hepatic metastasis can be
resected although they directly invade ambient tis-
sues, e.g., diaphragm or adrenal.

At present, the size, amount, and site of hepatic
foci are no longer the factor restricting surgery. In
a retrospective analysis on 131 patients with
hepatic metastasis of colorectal cancer whose foci
were resected, Imamura et al. [4] found that
5-year survival rates were 51 %, 46 %, and 25 %,
respectively, for patients with 1-3, 4-9, and >10
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foci. According to a multi-factor analysis, there
was a significant difference in the survival time
for the patients with >10 metastatic foci and those
with one to three foci, but there was not any sig-
nificant statistical difference in survival time for
the patients with four to nine foci and those with
one to three foci. Therefore, for patients with <10
metastatic foci, surgical resection is still sug-
gested if the functional compensation can be
achieved by residual livers.

13.1.2 Selection of Operation
Opportunity

For patients of colorectal cancer confirmed
with hepatic metastasis, there was a dispute on
selection of simultaneous resection or sequen-
tial surgery. In the 1990s, apprehensions about
simultaneous resection included the following:
(1) the incision for resection of colorectal can-
cer was different from that for hepatectomy; (2)
resection of colorectal cancer might contaminate
abdominal cavity, resulting in cross-sectional
infection of the liver or subphrenic infection; and
(3) simultaneous resection of colorectal cancer
with hepatectomy might lead to a large opera-
tion wound and a higher morbidity and mortal-
ity rate. Therefore, generally, primary colorectal
foci were resected first, and hepatectomy would
be carried out after postoperative chemotherapy
for 3—4 months.

In recent years, with the progress of postop-
erative treatment and operation technique, this
conventional opinion has been changed.
According to a retrospective study of Capussott
et al. [5], the rates of morbidity, mortality, and
anastomotic leakage were similar between the
group of simultaneous resection and the group of
sequential surgery; the operation time and the uti-
lization ratio of red cell suspension and plasma
for the group of simultaneous resection were
more than that for the group of sequential sur-
gery, but the hospitalization time for the group of
sequential resection was longer than that for the
group of simultaneous resection; a follow-up
visit indicated that there was no difference in a
10-year survival rate. A similar result was
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obtained by Martin et al. [6] after a retrospective
analysis on 230 patients treated with surgical
resection against hepatic metastasis of colorectal
cancer. The mortality rates of simultaneous resec-
tion and sequential resection were 2.2% and
2.8% respectively (P>0.05). Peeters et al. [7]
found that after resection of primary foci for
patients with hepatic metastasis of colorectal
cancer, the ratio of apoptosis to proliferation of
cancer cells in hepatic metastatic foci was unbal-
anced, and the growth rate of tumor was speeded;
therefore, they supported simultaneous resection.
It is suggested in the Practice Parameters for
Colon Cancer prepared by Standards Practice
Task Force of the American Society of Colon and
Rectal Surgeons [8] that: “If the hepatic meta-
static foci can be resected completely and the
incisal margin >1 cm; the incision is applicable to
hepatectomy; the amount of the resected liver
<50 %; the physical condition of patients allow
the operation; the operator is skillful, they can be
resected simultaneously.” At present, it is
accepted that simultaneous resection of hepatic
metastatic foci and primary foci are safe.

13.1.3 Preoperative Evaluation

Preoperative evaluation involves the possibility of
resection of hepatic and extrahepatic metastatic
foci, the liver function, and the general body state.
The evaluation of resectability of hepatic meta-
static foci and extrahepatic metastatic foci
depends mainly on imaging examination. Type B
ultrasonic is preferred for hepatic metastatic foci.
Contrast-enhanced CT is helpful for confirmation
of lesion; detection of the size, amount, site of
metastatic foci and the relation between meta-
static foci and the bile duct and blood vessels in
the liver; and measurement of volume of tumor,
the part of the liver to be resected, and the residual
liver. MRI has the advantage in detection of foci
<1 cm; the enhanced MRI has a sensitivity of
80-90% and a high specificity for detection of
hepatic metastatic foci. PET/CT examination has
an obvious advantage in sensitivity and specific-
ity, which is helpful for detection of extrahepatic
metastasis; moreover, it is the most correct method
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for staging of colorectal cancer in the progressive
stage. Kong et al. [9] compared the detection
results of PET/CT, contrast-enhanced CT, and
enhanced MRI in foci of hepatic metastasis of
colorectal cancer; in terms of each focus, the
enhanced MRI could find out smaller metastatic
foci, while PET/CT could find out more meta-
static foci. With regard to the patients, the sensi-
tivity and specificity of PET/CT and enhanced
MRI both reached 98 and 100%. In terms of
detection of extrahepatic foci, PET/CT had an
incomparable advantage over CT, which had
changed the operation scheme for 17% of
patients. As neoadjuvant chemotherapy could
lower the intake of 18F-fluorodeoxyglucose (18F-
FDG) by hepatic metastatic foci, resulting in a
lower sensitivity of PET/CT, it was suggested that
PET/CT should be carried out before neoadjuvant
chemotherapy [10, 11].

Few patients of hepatic metastasis of colorec-
tal cancer are combined with hepatocirrhosis;
although most of patients have good liver func-
tion, attention must be paid to the toxicity of che-
motherapeutic drug to the liver. Vauthey et al. [12]
reported that liver injury occurred to 22.7% of
patients receiving chemotherapy, for which the
rate of liver failure and 90-day mortality increased;
moreover, irinotecan was related to steatohepati-
tis. Rubbia-Brandt et al. [13] reported that oxali-
platin might lead to injury of sinus hepaticus.
Therefore, before operation, evaluation should be
carried out carefully on hepatic reserve function.
Evaluation of hepatic reserve function includes
(1) routine test of liver function, including serum
bilirubin level, albumin level, leukocyte ratio,
aminotransferase level, prealbumin level, and
coagulation function test; it is generally accepted
that, in terms of Child-Pugh score, patients of
Class A have good tolerance to operation, while
those of Class B are restricted to some extent,
who could tolerate hepatolobectomy only after
sufficient preoperative preparation; patients of
Class C have bad tolerance to various operations,
who should be restricted strictly. (2) Quantified
hepatic reserve function test: at present, it is gen-
erally accepted that indocyanine green (ICG)
excretive test is a sensitive index for estimation of
hepatic reserve function; the ICG retention value
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at 15 min (ICGR-15) <20 % is the safety margin
for hepatolobectomy; for those with ICGR15 of
20-29 %, the hepatic segmental resection can be
carried out; for those with ICGR15 of 30-39 %,
local resection can be carried out.

13.1.4 Selection of Operation Mode

Selection of operation mode for hepatic metasta-
sis of colorectal cancer depends on the size,
amount, and site of metastatic foci, the relation of
metastatic foci with blood vessels and the bile
duct, and the liver function and the residual liver
volume of patients. Besides preoperative evalua-
tion, exploration during operation and applica-
tion of iconography also play important roles in
selection of operation mode. By means of ultra-
sonic exploration in operation, information can
be obtained on distribution of metastatic foci in
the liver and possibility of resection. Zacherl
et al. [14] reported that the sensitivity of ultra-
sonic exploration during operation to metastatic
hepatic carcinoma was up to 95.2 %, higher than
84.9 % of that of MRI, which changed the opera-
tion scheme of 22.8 % of patients. It was sug-
gested that the probe should move along the
surface of the liver slowly for carefully scanning
section by section, which could avoid omission.
During the scanning of the porta hepatis, atten-
tion should be paid as to whether or not abnormal
resonance occurs in the main portal vein, its left
and right branches, or the hepatic duct. During
the scanning of the secondary porta hepatis,
attention should be paid as to whether or not
abnormal resonance occurs inside and along the
hepatic vein and its branches. Finally, the size
and border of tumor, the possible subfoci, and the
anatomical relation of tumors with portal vein,
hepatic duct and hepatic vein should be observed
to determine the best margin of excision for
tumors, which should not only comply with the
principle of radical correction of tumors, but also
be helpful for reservation of livers as much as
possible. The portal vein, hepatic duct, and
hepatic vein must be reserved; a scanning tech-
nique should be applied to determine the distance
between their border and the tumor, the projection
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on hepatic surface, and their depth to hepatic sur-
face, in order to avoid accidental injury during
resection of liver parenchyma. In addition, during
hepatectomy, especially hemihepatectomy, if
there is any question on anatomical character of
the bile duct, intraoperative cholangiography can
be applied to determine the position of the bile
duct and avoid injury.

13.1.4.1 Incisal Margin

An incisal margin >1 cm is suggested in the
Guidelines for Resection of Colorectal Cancer
Liver Metastases of the UK [3]. Pawlik et al. [15]
indicated that the recurrence rate was 51 % and the
5-year survival rate was 17.1% for patients with
positive incisal margin; for patients with negative
incisal margin, there was no significant difference
in the recurrence rates of tumors for those whose
incisal margins were 1-4, 5-9, and >10 mm,
respectively; i.e., the recurrence rates of tumors
were 39%, 41 %, and 39 %, and the 5-year rates
were 62.3%, 71.1%, and 63.0%, respectively;
among the patients recurred, only 3.6 % recurred at
the incisal margin. Hamady et al. [16] also found
that among the patients with negative incisal mar-
gin, 1, 3, and 10-mm incisal margins had no signifi-
cant influence on postoperative recurrence and
long-term survival. Therefore, if a negative result is
obtained in a pathological test of incisal margin, it
can be concluded that the operation is successful.
However, as the negative pathological result can
hardly be represented by that observed by eyes, the
“l cm” rule is still a basic principle for surgical
treatment of hepatic metastasis of colorectal can-
cer. For metastatic foci at complicated anatomical
sites close to great vessels, e.g., those at the caudate
lobe, porta hepatis, or secondary porta hepatis, the
“l cm” rule is hardly to be obeyed; even so, a nega-
tive pathological result should be ensured.

13.1.4.2 Anatomical Resection

and Non-anatomical

Resection
For anatomical resection, the hepatic segment is the
basic unit of hepatectomy, including lobe or seg-
ment hepatectomy; for non-anatomical resection,
the anatomical limit of the hepatic segment does not
act as an incision line, e.g., a wedge resection. The
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advantage of anatomical resection is that functional
unit of the liver is resected completely, and the posi-
tive rate of the incisal margin is lower than that of
non-anatomical resection. Dematteo et al. [17] sug-
gested that anatomical resection would lead to a
higher survival rate than non-anatomical resection.
However, Rorzi et al. and Sarpel et al. [18, 19] indi-
cated that there was no significant difference in
recurrence rates and survival time of patients who
received either anatomical resection or non-ana-
tomical resection. Moreover, as more liver paren-
chyme were reserved in non-anatomical resection, a
better tolerance to postoperative chemotherapy
could be achieved, and resection after recurrence is
possible. According to our experience, anatomical
resection is applicable to big foci, multiple foci,
deep foci, or foci at the left lateral site. To peripheral
small foci, either anatomical resection or non-ana-
tomical resection is applicable.

13.1.4.3 Resection of Multiple
Metastatic Foci at Left
and Right Lobes of the Liver
Strategies of surgical treatment for this kind of
patients include the following:

1. Direct resection: if the volume of residual
liver is over 30 %, either hepatic segmentec-
tomy or non-anatomical can be applied to
resect all foci completely.

2. Portal vein embolization combined with
resection: if the expected volume of residual
liver is less than 30 %, the portal vein where
main tumors are located should be embolized
first, and then resection should be carried out
after proliferation of contralateral liver.

3. Resection combined with ablation: after
resection of main tumors, if the number of
residual foci is not over three and the size of
one single focus is less than 3 cm, residual
tumors can be treated by radiofrequency abla-
tion; if the size of one single focus is over
3 cm, crymotherapy can be used.

4. (4) Two-step resection: a part of tumors are
resected first, and the second operation should
be carried out to resect the residual foci after
compensatory hypertrophy of liver.

5. Chemotherapy combined with resection.



13 Surgical Techniques for Metastatic Hepatic Carcinoma 181

13.1.5 Re-resection for Recurrence
of Hepatic Metastasis
of Colorectal Cancer
After Resection

The postoperative recurrence rate of hepatic
metastasis of colorectal cancer is about 56.7 %,
among which 36.4 % are intrahepatic recurrence
[2]. Petrowsky et al. [20] reported a bicentric pro-
spective study on 126 patients who received re-
resection treatment due to recurrence after
resection of hepatic metastatic foci of colorectal
cancer; the 1-year, 3-year, and 5-year survival
rates were 86 %, 51 %, and 34 %, respectively,
similar to that of patients without recurrence after
first resection of hepatic metastatic foci, while
incidence of complications and mortality after
operation were comparable to that after the first
operation. Adam et al. [21] reported a follow-up
study on 60 patients who received three times of
the resection of hepatic metastatic foci; results
indicated that the incidence of complication after
operation was 25 %, and the 5-year survival rate
was 32 %, significantly higher than those who did
not receive surgery treatment after recurrence of
hepatic metastatic foci after the second resection.
However, because of adhesion, change of mor-
phology and ratio of hepatic lobe due to hypertro-
phy of the residual liver, and change of the
anatomical position of blood vessels and bile
duct, the difficulty of re-resection after recur-
rence is significantly higher. Therefore, indica-
tions should be treated strictly; in principle,
indications for re-resection are identical to that of
the first resection. For patients recurred after
operation, especially those who experience care-
ful evaluation and have low tumor load, re-
resection is applicable.

13.2 Hepatolobectomy

13.2.1 Right Hemihepatectomy

Open the hilar plate to reveal the branches of the
left and right hepatic ducts. Incise peritoneum at

the right side of the hepatoduodenal ligament to
reveal the common bile duct and posterior portal

vein. Resect bile cyst. Dissociate the right branch
of the hepatic artery, which is usually located
over the level of the cystic duct and behind the
common hepatic duct, and then ligate it. The
right branch of the posterior portal vein appears.
Incise peritoneum behind the portal vein; dissoci-
ate the right branch of the portal vein slightly
under direct viewing with the help of a curved
clamp. Note: Do not injure the first branch of the
right posterior branch, which goes downward and
supplies the right half of the caudate lobe. It
should be ligated and disconnected separately if
the separation of the right branch of the portal
vein is affected. Clamp with blunt-pointed
straight blood vessel forceps, and disconnect the
right branch of the portal vein. As the right branch
of the portal vein is relatively short, simple liga-
tion is not recommended in order to avoid a resul-
tant narrow confluence. Close the residual end
with a successive suture by 5-0 Prolene or
Endo-GIA™ stapler. If the anterior and posterior
branches of the portal vein occur separately, they
should be treated separately. After disconnection
of the right branch of the portal vein, the border
of the left and right part of the liver appeared.

Be careful during anatomizing the right
hepatic duct, especially when the tumor is close
to portal fissure. Opening omphaloschisis can
reveal an anatomic character of the hepatic hilar
region better. Sometimes the bile duct of the right
front lobe or right back lobe merges into the con-
fluence of the left and right hepatic ducts sepa-
rately, or merges into the left hepatic duct, which
should be identified carefully and disconnected
separately. If the right hepatic duct cannot be
identified, disconnection is not recommended,
and the completeness should be maintained. As
there are lots of varieties in the right hepatic duct,
extrahepatic separation may lead to severe injury;
our experience is that intrahepatic disconnection
should be carried out when liver parenchyma is
disconnected.

Intrahepatic vessel ligature technique is an
alternative of extrahepatic anatomization of the
porta hepatis, which is applicable especially
when the tumor is far from the porta hepatis. As
hepatic triads are coated with tough Glisson’s
sheath, anatomize along the sheath to resect the
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portal triads, and ligate it. Thus, the separation
time of the porta hepatis can be minimized, and
the possibility that contralateral blood vessels
and the bile duct are injured is decreased.

The right hepatic vein can be dissociated out-
side the liver, or treated inside the liver during
separation of liver parenchyma. It is safer to treat
the hepatic vein in liver parenchyma, while con-
trol of the right hepatic vein outside the liver may
decrease the bleeding during disconnection of the
liver and the massive hemorrhage during break-
age of the vein. It is recommended to control the
right hepatic vein outside the liver for giant
tumors near the inferior vena cava. During anato-
mizing the right hepatic vein, the central venous
pressure should be controlled to less than
5 mmHg, and Trendelenburg position of patients
should be kept to avoid air embolus. Disconnect
the hepatorenal ligament, right triangular liga-
ment and right coronary ligament, and turn the
right liver to the left; dissociate naked area, and
push the adrenal gland away. If the adrenal gland
contacts the liver closely, it is recommended to
undermine upward along the loose gap between
the right margin of the inferior vena cava and
adrenal gland; thus, a tunnel is formed. Cut off
with clamp, and ligate both ends and the suprare-
nal vein. Then the inferior vena cava appears. To
dissociate the right hepatic vein, the venous liga-
ment covering the inferior vena cava must be dis-
connected. If the venous ligament is thin, it can
be cut directly. However, in most cases, it is thick,
inside which there are blood vessels from the
right posterior hepatic lobe to the inferior vena
cava; therefore, it can be cut with clamp, and both
ends should be sutured with 4-0 Prolene; alterna-
tively, it can also be cut with Endo GIA to avoid
massive hemorrhage. The anatomical gap
between the right hepatic vein and the inferior
vena cava will appear after cutting the venous
ligament. Undermine along this gap, and go out
of the gap between the liver and the right hepatic
vein. If the gap is small and the separation is dif-
ficult to carry out, short hepatic veins should be
cut and sutured upward stepwise, so that the front
wall of the inferior vena cava will be dissociated
completely, and the right hepatic vein will appear
clearly. Disconnect the right hepatic vein with
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clamp, suture both ends with 4-0 Prolene, or dis-
connect with Endo GIA. During resection of the
right lobe, it is unnecessary to control the middle
hepatic vein outside of the liver.

During dissociation of the liver parenchyma,
the Pringle method should be used to block the
hepatic portal. It should be carried out upward
along the boundary of the left and right lobes
(interlobar plane). Crash liver parenchyma with a
blunt-pointed vascular clamp, or reveal intrahe-
patic vessels by CUSA,; ligate and disconnect one
by one. With intensive separation of liver paren-
chyma, the middle hepatic vein appears. Dissociate
along the right edge of the middle hepatic vein,
and disconnect the branches of the middle hepatic
vein from Segments V and VIII. Continue the sep-
aration and the right portal triads will appear in
which the right hepatic duct is involved; if the right
hepatic duct has not been treated outside, discon-
nect and suture it. Dissociate upward, the front
wall of the inferior vena cava and the right hepatic
vein will appear; if the right hepatic vein has not
been cut outside, cut it off and suture. Insert the
left hand behind the right hepatic lobe, and put the
finger under the inferior vena cava; thus, the infe-
rior vena cava will not be injured, and the stress at
the incision of liver parenchyma will increase,
which is a help for dissociation.

For effusion of blood at the cross section of
the liver, suture or argon knife treatment is suit-
able. Cover it with white gauze after complete
hemostasis, or inject methylene blue through bile
vesica to detect whether or not a biliary leakage
occurs. Ifit occurs, suture properly. Intraoperative
cholangiography through the cystic duct is help-
ful for identification of the abnormal biliary tract,
biliary tract injury, and biliary leakage, which can
decrease the incidence of complications. The
cross section can be treated by spraying fibrin
glue or covering with great omentum; do not
force to suture. After resection of the right hepatic
lobe, there will be a large space under the right
diaphragm; therefore, the falciform ligament and
round ligament should be sutured here to stabi-
lize the residual left hepatic lobe, and prevent it
from turning right to twist the bile duct and portal
vein. Moreover, drainage should be carried out
under the right diaphragm.
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As for giant tumors at the right hepatic lobe, it
is difficult to disconnect liver parenchyma after
dissociation of the right hepatic lobe; moreover,
excessive overturning and pressure of tumors will
promote spreading of cancer cells. To this kind of
cases, anterior approach can be applied; i.e., the
liver should be disconnected before dissociation.
Firstly, the hepatic portal should be anatomized
and feeding on blood should be blocked, as men-
tioned above. Then dissociate liver parenchyma
downward from the front, until the right hepatic
vein appears; cut it. Go further gradually to the
front wall of the inferior vena cava, and then dis-
sociate the right side of the inferior vena cava;
disconnect and suture short hepatic veins that
may exist. Dissociate the perihepatic ligament,
and remove the right hepatic lobe.

13.2.2 Right Trisegmentectomy

It is also named as extended right hemihepatec-
tomy, and the range to be resected includes
Segments IV, V, VI, VII, and VIIL. It is applicable
to patients with giant or multiple tumors at the
right lobe and Segment IV, whose reserve function
of liver is good and the left exterior lobe has prolif-
erated. The initial step is identical to that of right
hemihepatectomy. Lower the hilar plate; anato-
mize the omphaloschisis leftward further after
controlling the blood stream feeding to the right
hepatic lobe. Disconnect liver parenchyma bridge
that may exist between Segments III and IV, and
incise peritoneum at the base of Segment IV with
a sharp dissection; extend to the omphaloschisis.
Thus the hilar plate can be lowered, and the left
hepatic duct can be dissociated from the base of
Segment I'V. Anatomize the base of the omphalos-
chisis; do not injure the left hepatic artery and left
branch of the portal vein. Anatomize the right side
of the omphaloschisis upward continuously, and
two branches of the portal vein supplying Segments
IVa and I'Vb will appear. If the tumor is close to the
omphaloschisis, it is advised to dissociate or suture
these two blood vessels at the right side of the
omphaloschisis. If the tumor is away from the
omphaloschisis, it can be treated during dissocia-
tion of liver parenchyma.
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Dissociation of the liver parenchyma starts
from the left bottom of Segment IVb, and con-
tinue downward to the base of the omphaloschi-
sis along the right side of the falciform ligament.
Once the blood vessels supplying Segments [Va
and IVDb are disconnected, Segment IV will be
devascularized. Continue the separation along
the right side of the falciform ligament toward the
inferior vena cava. With the progress of anato-
mization, intrahepatic veins will appear. Track
along the intrahepatic vein to the confluence of
the inferior vena cava, ligate and disconnect to
achieve the maximum cleaning range against
tumors. If the right hepatic vein has not been cut
outside, it can be disconnected inside then.

If the tumor is big and occupies Segment IV, it
may push the left hepatic duct at the base of Segment
IV. If so, the left hepatic duct is difficult to dissoci-
ate from the base of the hepatic portal and ompha-
loschisis; usually, a part of the left hepatic duct
should be resected to ensure there is no tumor at the
incisal margin. After removal of the sample, accord-
ing to the range and length of defect, end-to-end
anastomosis should be carried out to both ends of
the left hepatic duct and common hepatic duct, or
the left hepatic duct jejunum Roux-en-Y anastomo-
sis can also be carried out, to rebuild the bile duct.

13.2.3 Left Hemihepatectomy

Raise the round ligament, and lift the quadrate
lobe; scissor the peritoneum at the hepatic portal
from the bottom of the quadrate lobe to the base
of the omphaloschisis. Push the hilar plate down-
ward. Incise the peritoneum at the left side of the
omphaloschisis base, and the left hepatic artery
will appear. Dissociate, double ligate, and dis-
connect. Pay attention to the hepatogastric liga-
ment; if the accessory hepatic artery from the left
gastric artery occurs, ligation is necessary.
Continue the anatomization at the base of the
omphaloschisis to reveal the left branch of the
portal vein and the branch of the caudate lobe. If
the caudate lobe is to be resected simultaneously,
the fracture of the portal vein should be located at
the close end of the caudate lobe branch. If the
caudate lobe is not to be resected, the far end of
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the caudate lobe branch coming from the portal
vein should be dissociated to reserve the caudate
lobe branch. During the dissociation, if hemor-
rhage occurs due to injury of the portal vein, it
can be blocked by the Pringle method, and
sutured with 5-0 Prolene. The left hepatic duct is
usually located above the left branch of the portal
vein; dissociate and set suture line around it; dis-
sociate at the entry of the omphaloschisis. Then
the ischemia line is clear from the gallbladder
fossa to the left lateral wall of the inferior vena
cava; mark the incisal line with an electric knife.

Disconnect the left triangular ligament, and dis-
sociate the left exterior hepatic lobe (Segments II
and III). Note: The spleen should be protected. The
front wall of the superior and inferior vena cava and
the common trunk or branches of left and middle
hepatic veins should be revealed by anatomization.
Turn the left exterior lobe to the right, and discon-
nect the hepatogastric ligament to reveal the venous
ligament. Incise the venous ligament near the left
hepatic vein to reveal the triangular anatomic gap at
the confluence of the left hepatic vein into the infe-
rior vena cava; (the left hepatic vein is at the front,
the inferior vena cava is at the back, and the top of
Segment II is at the bottom). Dissociate carefully
along the triangular gap to form a tunnel inside the
space of the left and middle hepatic vein and the
front wall of the inferior vena cava. Perforate the
clamp through the space between the left and mid-
dle hepatic veins; thus, the common trunk of the
left and middle hepatic veins can be dissociated. If
the left and middle hepatic veins are separated, they
can also be dissociated separately first, and then
disconnected with clamp; the residual end should
be closed with 4-0 Prolene; alternatively, Endo
GIA disconnection may also be applied.

Block the hepatic portal, and dissociate the
liver parenchyma along the interlobar plane, incise
inclined toward the venous ligament at the left side
of the inferior vena cava, and finally dissociate the
left hepatic lobe above the caudate lobe.

13.2.4 Extended Left
Hemihepatectomy

It means resection of Segments II, III, IV, V, and
VIII, which is applicable when the giant tumor at
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the left lobe goes beyond the interlobar plane and
invades Segments V and VIII, or multiple tumors
are located at the left lobe and Segments V and
VIIIL. The difficulty of this operation includes the
judgment of the incisal plane at right liver paren-
chyma, and the control of hemorrhage and the bili-
ary tract complications. Preoperative anatomical
evaluation is very important; if necessary, A com-
puted tomography angiography (CTA) or mag-
netic resonance angiography (MRA) should be
used to know the involvement of blood vessels.

The initial anatomization is identical to that of
left hemihepatectomy. Dissociate the liver com-
pletely. The ligation site of the left hepatic artery,
left hepatic duct, and portal vein depends on the
fact that whether or not the caudate lobe is to be
resected. If the caudate lobe is to be resected, dis-
connection should be carried out near the left and
right branches; otherwise, it should be carried out
at the base of the omphaloschisis to reserve blood
supply of the caudate lobe. The anatomization of
the left and middle hepatic veins and the inferior
vena cava is the same as that of left hemihepatec-
tomy. If the caudate lobe is to be resected simul-
taneously, dissociate it from the inferior vena
cava at the left side.

It is one of the difficulties of this operation to
identify the incisal plane of liver parenchyma.
This incisal plane starts from the project of the
right hepatic vein on the hepatic surface, and
spreads flatly to the gallbladder fossa. If the
tumor is not adjacent to the right vessel pedicle,
blunt anatomization can be carried out along the
Glisson’s sheath of the right anterior lobe to
dissociate the vessel pedicle of the right anterior
lobe. After clamping, the border of the right
interlobar fissure will appear. Dissociate the liver
parenchyma upward and flatly inward along the
incisal plane. Hemorrhage, if occurs, mainly
comes from branches of the right hepatic veins,
which can be decreased by lowering central
venous pressure. If the tumor is so big that the
vessel pedicle is pushed and the dissociation can-
not be carried out along the anatomical interface,
it should be carried out along the interface of the
liver parenchyma that shrunk due to pressure of
tumor. If the middle and left hepatic veins have
not been disconnected before, disconnection
should be carried out if they are met during dis-
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sociation of the liver parenchyma. Remove the
sample, and treat the coarse fracture of the liver
carefully. Discontinuous blocking of the hepatic
portal may be carried out to find out whether
hemorrhage occurs out of branches of the hepatic
artery and portal vein; if so, suture and stanch it.
As this operation may lead to a high possibility of
the biliary fistula, after complete hemostasis,
rinse the fracture, and cover the fracture with
white gauze for several minutes before finding
out biliary fistula; ligate or suture the opening of
the bile duct. Stanch the fracture of the liver by
spraying fibrin glue or by argon knife; cover it
with omentum.

13.2.5 Hepatic Left Lateral
Lobectomy

Anatomize the hepatic triads supplying Segments
II and III at the left side of the omphaloschisis;
disconnect them respectively; this method is
applicable to patients whose tumor is adjacent to
the omphaloschisis. For those whose tumor is
located at periphery, the liver parenchyma can be
dissociated backward along the left side of the
round ligament and falciform ligament, and ves-
sels met during this process should be treated one
by one. With the disconnection of the hepatic tis-
sues, the left hepatic vein will appear at the rear,
which should be treated intrahepatic. If the tumor
is adjacent to the left and middle hepatic veins,
extrahepatic treatment of the left hepatic vein is
recommended.

13.2.6 Caudate Lobectomy

Caudate lobectomy includes three main steps: (1)
Control of feeding of blood flow: Anatomize the
base of the omphaloschisis to reveal the blood
vessels of the caudate lobe starting from the left
posterior of the hepatic artery and portal venous,
and then ligate and disconnect them. (2)
Anatomization of the short hepatic veins:
Dissociate the left exterior lobe, fold, and spread
rightward. Disconnect the fibrous tissue extend-
ing from the left edge of the caudate lobe toward
the rear of the inferior vena cava, and dissociate
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the left edge of the caudate lobe. Anatomize the
short hepatic vein, ligate or disconnect after
clamping, and dissociate the gap between the
caudate lobe and the inferior vena cava from left
to right, until the caudate lobe is dissociated com-
pletely. However, it is recommended to anato-
mize short hepatic veins from the right side under
the following conditions: (a) When the caudate
lobe is occupied by large block of tumors, which
is hard to lift, and it is difficult to reveal short
hepatic veins; (b) when the tumor is located at the
caudate process, on the right side of inferior vena
cava; (c) when right hemihepatectomy or
extended right hemihepatectomy is to be com-
bined. Turn the right lobe to the left, ligate and
disconnect short hepatic veins upward gradually
from the rear of the caudate process to the hepatic
vein; extend leftward, until the caudate lobe is
dissociated from the inferior vena cava com-
pletely. Some surgeons split the liver along the
interlobar plane, dissociate the liver along the
right edge of Segment IV, and resect the caudate
lobe through the liver. Selection of entry route for
operation depends on the site and size of tumor,
the means of combined resection, and adhesion
of operation fields in the past. (3) Disconnection
of liver parenchyma.

Another difficulty of single resection of the
caudate lobe is that when the tumor is big or
located at a higher position, adjacent to or invad-
ing the hepatic vein, inferior vena cava, and the
confluence of them, it should be noted that the
back wall of left or middle hepatic veins should
not be broken; otherwise great hemorrhage may
occur. It is recommended to dissociate the hepatic
vein along the anatomical space of the left and
middle hepatic veins and the inferior vena cava at
the caudate lobe; during dissociation of liver
parenchyma, the Atrauma Bulldog Clamp should
be used to block the left and middle vein tempo-
rarily. Alternatively, dissociate the inferior vena
cava above and below the liver, and prepare a
blocking area; if necessary, block the blood flow
of the whole liver; thus, the resection is safer.
Right hemihepatectomy or extended right hemi-
hepatectomy can also be combined.

If the tumor invades the wall of the inferior
vena cava, resect the involved wall of the infe-
rior vena cava along with tumors; small defects
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can be repaired directly, while the bigger ones
can be rebuilt with the help of autogenous or arti-
ficial blood vessels. As for those patients with
chronic blocking of the inferior vena cava, well-
developed collateral circulation has usually been
established; rebuilding is not necessary after
resection.

13.3 Hepatic Segmentectomy

The following three methods are involved in
hepatic segmentectomy: (1) Orientate the vessel
pedicle and fissures of the liver according to the
mark on the surface of the liver and intraopera-
tive Type B ultrasonic, and determine the border
of the hepatic segments. Then dissociate liver
parenchyma, vessel pedicle, and bile duct of the
corresponding hepatic segments, and disconnect
them. Although this method is simple, it has
defects: (a) the borders of some the hepatic seg-
ments are difficult to determine, especially that of
Segments VII and VIII and when the liver is
twisted; (b) during separation of liver paren-
chyma, the vessel pedicle of the hepatic segment
is not controlled, resulting in hemorrhage, and
thus the hepatic portal should be blocked. (2)
Control the vessel pedicle of hepatic segment to
be resected first. This method is applicable espe-
cially to right lobe segmentectomy, e.g., resec-
tion of Segments VII and VIII, and that of
Segments V and VIII. Open the peritoneum out-
side of the right branch of the portal vein, and
reveal the right branch and the right anterior
branch and right exterior branch of the portal
vein. Lowering the hilar plate can increase the
length of these branches outside of the liver.
Block the branches of the portal vein and arteries
of the segments to be resected, and the color of
the hepatic segments will change; dissociate liver
parenchyma along the border of the ischemia
line, and finally ligate the broken pedicles of the
arteries and portal vein. This method has two
advantages: (a) The border of the hepatic seg-
ment is defined clearly; (b) separation of liver
parenchyma at the border will lead to little hem-
orrhage. (3) Resection under the guide of ultra-
sonic. Orientate the portal vein supplying tumors
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with the help of ultrasonic; puncture the portal
vein, and inject methylene blue or congo red to
dye the liver parenchyma corresponding to this
portal vein. Insert a balloon catheter, and inflate
the balloon to block the portal vein selectively;
anatomize the hepatic artery at the hepatic portal
and block it; thus, the boundary of the hepatic
segment to be resected will be clearer. Dissociate
liver parenchyma intensively from the top, block
it for 10—15 min, and then loosen it for 3—5 min;
finally, disconnect the vessel pedicle and bile
duct. This method is similar to the anatomic
resection, but a high level of ultrasonic skill is
needed.

13.3.1 Hepatic Segmentectomy
for Segments Il and Il

Simple hepatic segmentectomy for Segments II
and III is just applicable to the cases in which
hepatic tissues are expected to be reserved as
much as possible. If the corresponding portal
pedicle is not blocked, the boundary of the seg-
ments is difficult to determine. It is recommended
to lift the round ligament and left hepatic lobe,
anatomize the omphaloschisis, and dissociate the
branches of the portal vein supplying Segments II
and III, respectively. Ligate the vessel pedicle of
corresponding segments to reveal the boundary.
Dissociate liver parenchyma along the ischemia
line. Anatomize and block the left hepatic vein;
thus hemorrhage can be decreased further during
incision of the liver. If simple resection of
Segments II and IIl are carried out, the left
hepatic vein should be kept.

13.3.2 Hepatic Segmentectomy
for Segment IV

Firstly, disconnect the round ligament, falciform
ligament, and the possible liver parenchyma
bridge that may exist between Segments III and
IV, and incise the peritoneum at the base of
Segment IV with sharp dissection; lower the hilar
plate to reveal the left branch of left portal veins.
Open the peritoneum covering the left branch of
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the portal vein, and dissociate upward along the
omphaloschisis; then the two branches of portal
veins supplying Segments IVa and IVb will
reveal. The IVb branch can be dissociated and
disconnected before incision of the liver. IVa
branch is located deeply; moreover, it is short and
wide; sometimes it is difficult to dissociate;
therefore, it can be treated during disconnection
of the liver parenchyma.

Dissociation of the liver parenchyma starts
from the left side, along the right side of the falci-
form ligament or the omphaloschisis, where the
hepatic tissues are thin; disconnect all blood ves-
sels supplying Segment IV. Dissociate along the
interlobar plane from the middle point of the cho-
lecystic bed; in this incisal plane, the left branches
of the middle hepatic vein will be met; ligate and
disconnect them; it should be noted that the middle
hepatic vein should be protected. The bottom of
Segment IV should be treated at last; disconnect
the liver parenchyma flatly near the inferior vena
cava, and converge the left and right incisal planes.

13.3.3 Hepatic Segmentectomy
for Segments V and VIlII

Control of hemorrhage is the key factor that
ensures the smooth progress of mesohepatec-
tomy. Lower the hilar plate first, and then extend
to the right portal triads. Open the peritoneum
near the portal pedicle, dissociate branches of the
portal vein and hepatic artery at the right anterior
lobe, and clamp them. Dissociate the right hepatic
lobe, reveal the right hepatic vein, and clamp the
entry of the right hepatic vein to the inferior vena
cava temporarily to decrease hemorrhage. For
those patients whose tumors are adjacent to or
involve the hepatic vein or the inferior vena cava,
the possibility of hemorrhage or air embolus is
high; therefore, the inferior vena cava above and
below the liver should be dissociated before inci-
sion of the liver; wind the inferior vena cava;
when necessary, block the blood flow of the
whole liver.

Dissociation of liver parenchyma starts from
the left side and continue along the interlobar
plane (right side of the middle hepatic vein); in
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this incisal plane, branches of the middle hepatic
vein will appear; if so, ligate and disconnect
them; continue until the front wall of the inferior
vena cava is reached. Disconnect along the right
interlobar fissure (left side of the right hepatic
vein). After complete resection of Segment VIII,
the lateral walls of the right and middle hepatic
veins will appear; after resection of Segment V,
the ligated branches of the right and middle
hepatic veins and the vessel pedicle of Segment
V will appear.

13.3.4 Hepatic Segmentectomy
for Segment Vil

Segment VIII is located at the top of the liver, of
which the left boundary is the interlobar plane (in
which the middle hepatic vein is located), and the
right boundary is the right interlobar fissure (in
which the right hepatic vein is located); more-
over, the inferior vena cava is behind it, and its
lower boundary is the plane of the right branch of
the portal vein. Therefore, it is difficult to carry
out individual hepatic segmentectomy for
Segment VIII, except for isolated small meta-
static focus.

Disconnect the liver parenchyma along the
boundary, and lift hepatic tissues gradually. The
incisal plane should be vertical to the surface of
the liver and should not contact the surface of
tumor. During separation of boundaries at two
sides, do not hurt the middle and right hepatic
veins. It is difficult to reveal hepatic veins before
removal of hepatic tissues; thus, it is not easy to
repair. During disconnection of the lower liver
parenchyma, vessel pedicle of Segment VIII will
appear. Marriotti et al. suggested to split the liver
along the left side of the middle hepatic vein so
that Segment VIII is easier to dissociate.

13.3.5 Hepatic Segmentectomy
for Segments IV+V+VIII

Hepatic segmentectomy for Segments [V+V+VIII
is also named as mesohepatectomy, which is the
combination of hepatic segmentectomy for
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Segment IV and the right anterior lobe. At first,
lower the hilar plate, and spread to the left and
right side. Anatomize the umbilical gap, and dis-
connect the branch of the portal vein supplying
Segment IV. Dissociate the middle hepatic vein,
and ligate it near the inferior vena cava. If the
tumor is not adjacent to the main trunk of the
right portal vein, under the precondition that the
removal of tumor is not affected, the right ante-
rior branch can be dissociated and ligated first,
and then the incisal line can be marked correctly
according to the ischemia line. If the right ante-
rior branch is difficult to dissociate or adjacent to
tumors, the Pringle method can be adopted; i.e.,
disassociate the liver parenchyma first, and then
treat the right anterior branch in the liver.

The dissociation of liver parenchyma starts
from the right side of falciform ligament, and
then continues along the right interlobar fissure;
ligate and disconnect the branches of right hepatic
veins of Segments V and VIII, and the incisal
plane at the left side will be met. After resection,
the inferior vena cava will appear; ligate and dis-
connect the middle hepatic vein, but reserve the
left and right hepatic veins. Treat the two discon-
nected planes carefully and do not force to fold
and suture them.

13.3.6 Hepatic Segmentectomy
for Segments VIl and VII

Segments VI and VII, located at the right poste-
rior of the right hepatic vein, form the right pos-
terior lobe of the liver. Anatomize the right
posterior branch of the portal vein. The incisal
line near the cholecystic bed is helpful for the
identification of the right posterior branch; 70 %
of the right posterior branches are located in it.
Dissociate the right posterior branch of the portal
vein, and block it temporarily, which will lead to
color change of corresponding hepatic tissues;
mark the incisal line along the ischemia line. If
the Segments VI and VII are to be resected simul-
taneously, the right posterior branch of the portal
vein should be disconnected then. If the Segment
VI or VII are to be resected individually, the right
posterior branch of the portal vein should be
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maintained. Dissociate the right lobe of the liver,
and disconnect a part of the short hepatic vein to
dissociate the right hepatic vein.

The disconnection of liver parenchyma should
be carried out along the right side of the right
hepatic vein. The root of the right hepatic vein
can be blocked to decrease hemorrhage. Identify
and protect the main trunk of the right hepatic
vein. Ligate and disconnect the branch of the
right posterior lobe. After individual resection of
Segments VI and VII, the fracture planes can
usually be folded and sutured.

13.4 Irregular Hepatectomy

13.4.1 Sufficient Dissociation of Liver

Disconnect the perihepatic ligament, and dissoci-
ate the liver sufficiently; thus, the tumor will
appear completely, the hemorrhage can be con-
trolled easily, and the fracture plane is easy to
close.

13.4.2 Design of Incisal Line of Liver

The design of the incisal line of liver should con-
sider both the radical treatment of tumor and the
safety of resection. The distance between the
incisal margin and tumor should be more than
1 cm. The critical blood vessels and bile duct in
the liver should be avoided. Moreover, the vol-
ume of the residual liver should be over 30 %, and
the inlet and outlet of blood vessels of the resid-
ual liver should not be affected.

Wedging resection can be designed for tumors
atedge of the liver, e.g., those located in Segments
IL, I, IVb, V, VI, and VII; incise the capsula
fibrosa with an electric knife at a distance of
2-3 cm from the edge of the tumor to label the
incisal line. For tumors at the center of the liver,
e.g., those located in Segments IVa or VIII or
intrasegment, fusiform, or lip form incision can
be designed. As the incisal line is inclined from
the surface of the liver to the base of the tumor
during disconnection of liver parenchyma, the



13 Surgical Techniques for Metastatic Hepatic Carcinoma

incisal range at the surface of the liver should be
large enough for tumors at deep sites, to ensure
the distance between the incisal margin and
tumor at the base should be over 1 cm.

13.4.3 Suture and Traction at Both
Sides of Incisal Line

Suture and traction at both sides of the incisal
line of the liver can decrease the hemorrhage dur-
ing disconnection of liver parenchyma at the sur-
face. Moreover, traction will help the appearance
during separation of liver parenchyma, and avoid
pushing tumors, which is also the exhibition of
non-tumor technique.

13.4.4 Control of Blood Flow
In and Out of the Liver

As irregular resection is not carried out along the
fissures of the liver, the hepatic portal is often to
be blocked to decrease hemorrhage. Usually, the
time of individual blocking should not over
15-20 min at an interval of 3—5 min.

13.4.5 Disconnection of Liver
Parenchyma

The direction of liver parenchyma disconnection
is inclined from the sides of tumor to the base of
tumor; ligate and disconnect the vessels, and
large vessels should be sutured. The direction of
the incisal plane should be controlled to avoid
incision of tumor, and critical vessels should also
be protected. If necessary, Type B ultrasonic can
be used for orientation.

13.4.6 Treatment of Fracture Plane

The bleeding points at the fracture plane should
be sutured for hemostasis. Rinse to clean the
plane, and then check whether or not a biliary
leakage occurs. If there is enough volume of the
residual liver and suture does not affect the blood
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stream supplying to and backflow from the
residual liver, the fracture plane can be folded to
suture. Alternatively, after thorough hemostasis,
spraying fibrin glue or covering the fracture plane
with hemostatic gauze is also applicable.

13.5 Portal Vein Embolization
13.5.1 Indications

Patients with normal hepatic reserve function
(the ICG retention value at 15 min, ICGR-15
<10%), of whom >60 % of the liver with function
(i.e., hepatic tissues without tumors) is resected.

Patients with slight decrease of hepatic reserve
function (ICG-R15 10-20 %), of whom 40-60 %
of the liver with function is resected; or those
combined with obstructive jaundice.

13.5.2 Contraindication

Patients with moderate to severe decrease of
hepatic reserve function (ICG-R15 >20%).
These kinds of patients are often combined with
moderate to severe hepatocirrhosis, whose prolif-
eration of the liver is prohibited or elongated.

13.5.3 Portal Vein Embolization
Technique

There are several routes for the portal vein emboli-
zation technique: (1) percutaneous portal vein
embolization (PTPE): Puncture the intrahepatic
portal vein under the guide of ultrasonic, and insert
catheters by means of the Seldinger technique; (2)
for portal vein embolization through ileocolic
vein, make a small incision at the abdomen, and
insert catheters through the branch of ileocolic
vein; (3) portal vein embolization through the right
gastroepiploic vein; and (4) portal vein emboliza-
tion through the middle colic vein.

The mixture of gelatin sponge, thrombin, and
cardiografin can act as the embolic agent.
Application of iodipin can reveal the shape of the
portal vein in the postoperative plain film for a



190

long time. It is reported that fibrin glue, butyl-2-
cyanoacrylate, and 99 % ethanol or steel ring can
also be used.

Direct portovenography through the inserted
catheter can reveal the anatomic character and
variation of the intrahepatic portal vein. Under
the guide of an X-ray, inject embolic agents
slowly to embolize the branch of the portal vein
of the hepatic lobes to be resected, until the portal
vein of the hepatic lobe to be resected is blocked.
Embolic agents should be injected separately to
the portal veins of the right anterior lobe and
right posterior lobe; the main trunk at the right
side of portal vein should not be embolized, to
prevent the backflow of embolic agent to the left
branch of the portal vein. Please pay more atten-
tion to the case that the secondary branch starts
near or from main trunk of the portal vein; under
this condition, a balloon catheter should be used
to prevent the backflow of embolic agent into the
contralateral portal vein. After portal vein embo-
lization, portovenography or ultrasonography
should be used to ensure the portal vein at the
reserved side is unblocked. The portal vein pres-
sure before and after embolization should be
measured.

After operation, hepatic function and blood
flow in the portal vein of the unembolized lobe
should be monitored periodically. CT scan-
ning should be carried out 2-3 weeks after
operation to examine the volume of emboli-
zed hepatic lobes to that of unembolized ones.
Hepatectomy is usually carried out 2—4 weeks
after embolization.
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Laparoscopic Management
of Colorectal Liver Metastases

14

Thomas Satyadas, Zahra Shafaee, and Brice Gayet

14.1 Introduction

Colorectal cancer is the third most common can-
cer worldwide, with a lifetime risk of approxi-
mately 5%. The most common site for
haematogenous metastasis is the liver.
Approximately 10-20 % of patients with colorec-
tal adenocarcinoma will have synchronous
hepatic metastasis at the time of diagnosis, and
20-25 % of the patients will develop metachro-
nous metastasis later in life. Without treatment,
the prognosis of colorectal cancer with liver
metastasis is poor, and the 5-year survival rate is
less than 5%. At present, liver resection offers
the best chance of survival for patients with
colorectal cancer liver metastasis. Currently the
5-year survival rate following curative resection
of colorectal liver metastasis approaches
45-60 %. Many reasons have contributed to the
better results of colorectal liver metastasis.
Improved patient selection in a multidisciplinary
team setting, increased understanding of liver
surgery and anaesthesia, technological improve-
ments, advances made in diagnostic and inter-
ventional radiology and advances made in the
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field of chemotherapy are to name a few contrib-
utory factors.

Since the initial laparoscopic liver resection in
the early 1990s, there has been a slow progress in
the number of liver resections performed laparo-
scopically. Increasing expertise and experience
in liver and laparoscopic surgery and advances in
technology, there has been an exponential rise in
the number of liver resections performed laparo-
scopically. Recent world review suggests that
there are almost 3,000 laparoscopic liver resec-
tions reported in the world literature.

The use of laparoscopy in colorectal liver
metastasis also includes staging of the disease to
look for peritoneal disease and with the use of
laparoscopic ultrasound to identify and confirm
the location and number of lesions as suggested
by the preoperative imaging. This would be a
valid tool as it would prevent patients from hav-
ing an unnecessary laparotomy if the metastatic
lesions are deemed unresectable. There is also a
role for laparoscopy in radiofrequency ablation
in the treatment of colorectal liver metastasis.
Laparoscopic ablation is found to have less local
recurrence than percutaneous with the obvious
advantages over open ablation. Laparoscopic
radiofrequency ablation of the liver metastasis
can be done as an adjunct to resection of other
lesions in order to preserve functional residual
liver volume. Current evidence does not support
the use of radiofrequency ablation as the primary
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treatment for fit patients who have lesions which
are amenable to resection.

This chapter would discuss mainly about lapa-
roscopic liver resection for colorectal liver
metastasis.

14.2 Preoperative Imaging

This is the same as in open hepatic resection for
colorectal liver metastasis and involves ultra-
sound with or without contrast, triple-phase con-
trast CT scan, MRI scan and PET scan.

14.2.1 Ultrasound Scan (USS)

Ultrasonography is cheap and provides detailed
information about the number, size and relation
of metastatic lesions with the hepatic vasculature.
The sensitivity can be increased by the use of
contrast-enhanced ultrasound. However, ultra-
sound is operator dependent.

14.2.2 CT Scan

Computed tomography is routinely performed as
part of staging for patients with colorectal liver
metastasis. CT scans of the chest, abdomen and
pelvis with intravenous contrast are obtained. A
triphasic CT scan of the liver will further charac-
terize the hepatic metastasis. Arterial phase
images are useful in cases of neuroendocrine
metastasis, primary hepatomas, hepatic adeno-
mas and haemangiomas. This phase also outlines
the arterial anatomy of the liver. Portal venous
phase is the most useful for the evaluation of
colorectal liver metastasis. Metastasis from
colorectal cancer usually respects the liver cap-
sule and intersegmental planes and pushes struc-
tures away rather than invades directly into them.
However, one should be aware that there are
reports of colorectal liver metastasis with intra-
biliary growth. Invasion of the vena cava and dia-
phragm is rare, and even if imaging studies
suggest invasion of these structures, surgical
exploration is indicated.
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14.2.3 Magnetic Resonance Imaging
(MRI)

MRI is most useful to evaluate the relationship of
the tumours to the hepatic vasculature and biliary
system. MRI is particularly used to characterize
benign lesions like hepatic adenoma, haemangi-
oma and focal nodular hyperplasia. In cases of
fatty infiltration due to obesity or prior chemo-
therapy and in cases of cirrhosis, MRI might be
able to delineate lesions better than a contrast CT
scan.

14.2.4 Positron Emission
Tomography (PET) Scan

PET scan is being used to localize the distribu-
tion of the metastatic lesions. The most common
tracer used is 18F-fluorodeoxyglucose (FDG).
This glucose analogue cannot continue down the
glycolytic pathway and accumulates within
glucose-avid cancer cells. However, PET scans
are not very sensitive for lesions less than 1 cm in
size.

14.3 Principles of Resection

The principles of laparoscopic hepatic resection
for colorectal liver metastasis remain the same
as open resection. Patient fitness for the proce-
dure, preservation of liver remnant with at least
30% of functioning hepatic reserve following
resection and to have RO resection with a 1 cm
margin.

Patient selection for laparoscopic hepatic
resection also depends on the expertise and expe-
rience of the surgeon and team performing the
procedure and looking after the patient. In the
initial development of a laparoscopic liver resec-
tion programme, it is better to tackle small soli-
tary lesions in the anterolateral segments (II, III,
IVb, V and VI). As experience and expertise
builds up, the indications can be expanded to per-
form more complex resections. It is important
that the surgeon has advanced skills in liver and
laparoscopic surgery prior to contemplating the
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initiation of the programme. It is also paramount
that the surgeon has a very good experience of
using laparoscopic intraoperative ultrasound in
order to achieve an optimal result for the patient.
At present, there are no laparoscopic specific
contraindications in our unit; however, this is due
to the extensive experience and expertise of the
senior author.

Laparoscopic anatomical resection, although
technically more challenging, has the advantages
of lower rates of positive resection margin and
less blood loss and less transfusion requirements.
However, when there are multiple lesions in dif-
ferent segments of the liver, multiple liver con-
serving nonanatomical resections with a 1 cm
margin can be a good alternative to preserve a
larger functioning liver remnant.

14.4 Laparoscopic Management
of Colorectal Liver

Metastasis

The exponential rise in laparoscopic liver resec-
tions since 2005 was reported in a world review
of laparoscopic liver resections in 2009. There
were almost 3,000 laparoscopic liver resections
in the world literature, and of them almost 45 %
were for benign lesions. Of the malignant lesions
which were resected laparoscopically, 35 % were
for colorectal liver metastasis. Since the initial
laparoscopic liver resection was reported in
1992, there has been slow progress in the num-
ber of  liver resections performed
laparoscopically.

Initial valid concerns were about the safety
and efficacy of laparoscopic liver resection,
coupled with the oncological safety of the pro-
cedure when performed for malignant lesions. A
meta-analysis of eight nonrandomized studies
comparing open and laparoscopic liver resec-
tion confirmed the safety and feasibility aspects
of the laparoscopic liver resections. There was
also significant reduction in morbidity for lapa-
roscopic liver resections compared to open, if
you look at the five studies published since 2003
which were included in the meta-analysis.
Evidence suggests that laparoscopic liver resec-
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tions can be safely performed by appropriately
trained surgeons in a cost-effective fashion,
with a reduction in the length of stay. There is
also the advantage of less blood loss intraopera-
tively, with some studies showing a less transfu-
sion requirement. The oncological safety has
been assessed by different studies including a
comparative study between open cases from
Paul Brousse hospital and laparoscopic cases
from Institut Mutualiste Montsouris, the
authors’ institution. At present there are no con-
cerns regarding the oncological safety of laparo-
scopic liver resections for both primary and
metastatic lesions of the liver.

There still persist some valid concerns about
situations where there is uncontrolled haemor-
rhage and gas embolism. With all the skill mix
one can attain with experience and advanced
training in liver and laparoscopic surgery, pro-
fuse haemorrhage is still a distinct possibility.
Surgeons should be prepared for this and should
be mindful about the fact that conversion to
open surgery or hand-assisted surgery is not to
be deemed as a failure and be ready to convert
at the appropriate time. Gas embolism leading
to a clinical instability has been reported with
the use of argon, and it should be emphasized
that argon is 17 times less soluble than CO, in
blood. With the current evidence, it would be
better to the use of laparoscopic argon in liver
surgery.

Our senior author has the experience of per-
forming more than 200 laparoscopic liver resec-
tions for colorectal liver metastasis. This includes
59 major resections and 31 repeat hepatectomies
at the Institut Mutualiste Montsouris.

14.5 Operative Technique

A team approach is crucial in the provision of
high-quality services to the patient. All the mem-
bers of the team including nursing staff should
be aware of their specific roles and should be
briefed preoperatively. Nursing staff and resi-
dents should be given appropriate and regular
training to be able to provide the best services to
the patient.
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14.5.1 Operating Room Setup

Patient is placed supine in the modified lithotomy
position with legs abducted and the arms tucked
on the side. Video monitor and the robotic arm
for the camera are placed as shown in picture 1.
The surgeon stands between the legs of the
patient, the assistant on the left side and the scrub
nurse on the right side of the patient. There
should be flexibility in the system so that the sur-
geon swaps with the positions of the scrub nurse
and the assistant as and when required. Patient
positioning is slightly changed from the standard
supine position when resection is performed for
lesions in the posterosuperior segments of the
liver especially resections of segments VII, VII
and IVa. For this type of resections, a lateral
approach is utilized, and to facilitate this, the
patient’s right side is elevated and the right arm is
rotated to the left and padded and secured.

Nasogastric tube is not routinely inserted and
neither is a urinary catheter unless it is a major
hepatectomy.

14.5.2 Access

The patient is dressed and draped as for any liver
resection. Pneumoperitoneum is achieved with a
Veress needle. Trocar positioning would depend
on the type of resection performed. A 10 mm
zero degree telescope is used. The intra-
abdominal pressure is raised to 20 mmHg prior to
insertion of the first trocar to further elevate the
anterior abdominal wall to prevent injury during
the blind insertion of trocar. This is facilitated by
using the aspiration technique of the anterior
abdominal wall with a syringe and green needle
to make sure that there is no inadvertent entry
into abdominal structures. The camera is placed
close to the vascular axis of dissection which is
usually the hepatic pedicle. A useful guide is
halfway between the right subcostal margin and
the umbilicus at the midclavicular line. For left
hepatic lobectomy, the camera port will be
inserted at the same level in the midline. Two
working trocars are inserted four fingerbreadths
apart from the camera port. The working ports
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are always inserted at slightly different levels to
provide the optimal ergonomics. An assist 5 mm
port is placed further laterally to help with trac-
tion and exposure. A liver retractor might be
required, and another 5 mm port will be utilized
for this purpose. The retractor can be mounted on
a multi-joint holder placed on the right side as
cephalad as possible.

14.5.3 Technical Aspects

General exploration of the abdominal cavity is
undertaken, and any suspicious peritoneal lesion
would be biopsied for frozen section. Thorough
and systematic laparoscopic ultrasound is per-
formed to confirm the lesions with specific
emphasis on the intrahepatic venous anatomy to
plan resection and aid transection. In the cases of
major hepatic resection, a tape is placed around
the hepatic pedicle to perform Pringle manoeuvre
as and when required. In the early phase of learn-
ing curve, the placement of a hand port in the
upper abdomen, early in the case, would be ben-
eficial in dealing with profuse haemorrhage if
that happens, and the same incision can be used
to remove the resected specimen. Preparation of
the hand port early in the case has the advantage
of having a hand ready for manual pressure if
there is severe bleeding. Once the team has gone
past the learning, one could dispense with this
practice.

The senior author uses harmonic scalpel,
bipolar diathermy forceps and monopolar scis-
sors for dissection and parenchymal transection.
The major pedicles and hepatic veins are dealt
with vascular staplers.

In cases of wedge resections, it is important to
start the resection at least more than 2 cm away
from lesion as on intraoperative ultrasound
(IOUS). There is invariably a coning effect due to
the two-dimensional nature of laparoscopic sur-
gery and the rigidity of non-flexibility in majority
of laparoscopic instruments in use at present. In
order to prevent the coning effect leading to a
compromise in margin clearance, it is extremely
important to start the resection quite wide (>2 cm)
from the lesion edge on IOUS.
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For major hepatic resections, dissection is car-
ried out as in open hepatic resections. Lowering
of the hilar plate is done, and this invariably
causes some bleeding. It is important to deal with
even the slightest of bleeding straightaway so that
it does not interfere with optimal optics straight-
away or later in the operation. Time spent to aspi-
rate even the slightest of bleeding allows to
dealing with the bleeding area immediately and
precisely. We do not use saline for wash as we feel
that it is not necessary and only suction is used.

In cases where one has to do a cholecystec-
tomy as part of the procedure, the cystic duct is
disconnected from the hepatic duct, but the gall-
bladder is left on the liver as this allows to using
it as a handle to move things around during dis-
section and transection.

For a right hepatectomy, the right portal vein
is dissected out and either clipped and sutured
with Prolene or tied and sutured with Prolene.
The bile duct is cut after clipping it with hemo-
lock. Similar manoeuvres are done for resection
of the liver on the left as well. The hepatic veins
are dissected as in open surgery, and, for exam-
ple, in a case of right hepatectomy, the right
hepatic vein is transected only after the paren-
chyma has been dealt with completely. Hepatic
venous transection is done with vascular staples.

During the transection of any type of hepatec-
tomy, it is important to keep checking with IOUS,
the margin clearance and the proximity of the
inflow structures and the drainage vein. This will
allow for better planning of the transection and as
one can look out for the structures and deal with
it appropriately, thereby reducing blood loss.

Almost always specimens are removed by a
suprapubic incision, always in a bag. Residual
bleeding is dealt with bipolar diathermy and
suture ligation with Prolene. Drains are not used
routinely, and if necessary in the postoperative
phase, percutaneous drains are inserted under
image guidance. Closure of all port sites larger
than 5 mm is done with PDS.

In our centre, the indications, contraindica-
tions and technique for resections are the same as
open surgery. The senior author has had exten-
sive experience doing major hepatectomies, pos-
terior segmental resections and repeat
hepatectomies laparoscopically. However, we
would recommend that in the initial stages of
developing a laparoscopic liver resection pro-
gramme for colorectal metastatic disease, to limit
oneself to small solitary lesions in the anterolat-
eral segments and to build enough experience
and expertise.
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15.1 Introduction

Forty to 50% of patients who have been diag-
nosed with colorectal cancer will go on to develop
liver metastases [1]. No less than 20-30% of
patients will present synchronous liver metasta-
ses at the time of the first operation, and another
15-20 % will develop liver metastases on the sub-
sequent follow-up [1].

The surgical resection of hepatic metastases is
the only treatment which provides a long-term sur-
vival. Currently, the 5-year survival rates after
potentially curative surgery range from 37 to 58 %,
and 10-year survival rates can range from 20 to
25% [2]. On the contrary, the untreated patients
had very poor prognosis with the majority patients
succumbing to their disease within 12 months of
diagnosis. 5-year survival in untreated patients is
greatly rare, with only 0.9 % reported rates [3].

The surgical resection is the only treatment
which can provide the prospect of long-term
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survival; it should always be considered as the
first line in the treatment arsenal. The resection
involves removal of the lesion(s), leaving at least
30% tumor-free and well-vascularized paren-
chyma. Based on the most reported results of
recent series of patients who undergo surgical
resection of liver metastases, the mortality
between 0% and 3.7% and the postoperative
morbidity ranges from 15 to 46 % [4].

Despite the surgical technique advances, only
15-25% of newly patients who have been diag-
nosed with colorectal liver metastases can benefit
from surgical resection, the rest unresectable
patient either as a result of multiple hepatic
lesions or extrahepatic tumor invasion, hence are
not suitable. To solve this problem, surgeons and
oncologists have developed a variety of strategies
involving both chemotherapy and surgery with
the objective to increase the resectability rate and
therefore improve their outcome.

In this regard, in surgeons’ point of view, there
has been a paradigm shift in the definition of
resectability for patients with multiple liver
metastases in the past 10 years. The presence of
multiple metastases is no longer considered a
contraindication to resection. Our results have
demonstrated that although the 5-year survival in
patients who have resection of four or more
metastases is 30 % compared to the survival of
45 % in patients with no more than three lesions,
resection remains the only option to increase
their long-term survival [5].
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The most important factors known to influ-
ence the outcome after the surgical treatment
are the extent of hepatic involvement at the time
of diagnosis, spread of tumor in the extrahepatic
sites, and abnormal hepatic function. Thus, in
such patients, the tumor burden is the major
determining factor in the choice of the treatment
type. In circumstances where adverse factors are
present resulting in an unresectable disease, the
best treatment strategy would be a combined
oncosurgical approach, which includes chemo-
therapy, portal vein embolization, and ulti-
mately multistage hepatic resections. The
objective of this combination is to increase the
rate of resection of patients with CRM who are
initially considered as having unresectable dis-
ease. In this regard, improved response rates to
chemotherapy among CRM patients have cer-
tainly had a great impact. Our experience has
demonstrated that a 5-year survival can be
achieved in 33 % of patients who respond suffi-
ciently to chemotherapy [6]. In addition, the
effects of the chemotherapy can be further aug-
mented by the addition of portal vein emboliza-
tion or local ablative treatments [7, 8].
Furthermore, the extension of the indications
for resection of liver lesions, without lowering
the survival results, has been influenced also by
the development of a newer multi-step strategy,
whose multiple steps have a common purpose —
the cure of patients with multinodular metastatic
disease.

15.2 Patient Evaluation
15.2.1 Patient Selection for Surgery

To decide which patient will tolerate liver resec-
tion, several factors including patient comor-
bidities have to be considered. Age is not an
independent factor for increased operative risk
[9]. This is very important considering that an
increasing proportion of patients being evalu-
ated for surgery for malignant disease are
elderly. On the other hand, scores like the

American Society of Anesthesiologists (ASA)
[10] or the preoperative Acute Physiology and
Chronic Health Evaluation score are closely
related to the incidence of postoperative compli-
cations. It has been shown that patients with an
ASA score >1 have more than triple mortality
and double morbidity compared with those
patients with an ASA of 1 [10]. Therefore, the
main goal of the preoperative evaluation is to
confirm patients with high operative risk, so
those with a prohibitive risk can be precluded
from surgery, whereas those with manageable
comorbidities can have these conditions
addressed preoperatively in an attempt to
decrease their operative risk.

15.2.2 Preoperative Imaging

The complex decision to determine resectability
requires a detailed imaging to determine the
tumor location, exclude unresectable extrahe-
patic metastases, and assess the adequacy of the
liver volume after surgery. Despite the number
of imaging modalities (three-dimensional CT
scanning, CT angiography, magnetic resonance
angiography MRI, and CT volumetry), difficul-
ties still exist, especially when trying to differ-
entiate between metastases and benign liver
lesions or to detect small metastatic lesions. The
current approach to address these pitfalls is to
use a multimodal strategy [11]. For example,
although helical CT scanning provides informa-
tion for the entire chest and abdomen during a
single breath hold, up to 25 % of the lesion can
still be missed [12]. MRI on the other hand, is
currently the most effective imaging modality in
detecting and characterizing liver lesions and is
often ordered prior to liver resection to charac-
terize indeterminate lesions seen on a CT scan
as it has a higher sensitivity to detect and char-
acterize small lesions [13]. Using a liver-spe-
cific contrast agent, MRI has equivalent
sensitivity to CT angiography [14]. Positron
emission tomography (PET) is another useful
modality for detecting liver metastases, espe-
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cially when combined with CT scanning.
However, it is no more sensitive than MRI in
detection, and it lacks the special resolution and
the ability to characterize lesions.

15.2.3 Assessment of Hepatic
Functional Reserve

The functional hepatic reserve can be assessed by
Child-Pugh score and hepatic biological blood
tests; however, to date, the only test which has
proven to have a good predictive value is the
indocyanine green (ICG) clearance test [15]. In
candidates for liver resection with retention of
less than 20 % of ICG at 15 min, up to 60 % of the
volume of the parenchyma can be resected.
Special attention should be addressed to the spe-
cific pathologic changes of the liver parenchyma
(vascular  changes and/or chemotherapy-
associated steatohepatitis) progressively being
observed following administration of preopera-
tive chemotherapy.

15.2.4 Selection of the Type
of Resection

The principles of colorectal metastases’ hepatic
resection (including the oncological goal which
is to resect all metastatic lesions with tumor-free
margins) are no different than any other hepatic
surgery. The aim of surgery should be to remove
all metastases with negative histologic margins;
thus, the surgical procedure selection of a partic-
ular patient should be individualized based on the
size, number, and location of the metastatic
lesions, their relation to main vascular pedicles,
and the volume of future liver parenchyma.
Resection should spare as much as possible the
nontumoral parenchyma, bearing in mind that
new recurrences could eventually develop for
which surgery could possibly be indicated again.
Lastly, no difference has been demonstrated
between anatomical and  non-anatomical
resection.

15.3 Management
of Nonresectable Colorectal

Liver Metastases
15.3.1 Downstaging Chemotherapy
15.3.1.1 Systemic Neoadjuvant
Chemotherapy
The improved efficacy of chemotherapy agents
has allowed a subset of initially unresectable
patients to undergo liver surgery after “tumor
downstaging” (Fig. 15.1). By performing liver
resection, a remarkable proportion of patients
who otherwise would have a poor prognosis can
achieve survival.

The efficacy of FOLFOX and FOLFIRI has
been confirmed in large single-center series.
These regimens are considered effective in
facilitating hepatic resection in selected, ini-
tially nonresectable patients. Increasingly, how-
ever, the trend is to use a combination of three
chemotherapy agents (all cytotoxic agents or
two cytotoxic agents and one biologic agent).
For example, in the phase III CRYSTAL trial,
which included 1,217 patients, combined use of
cetuximab with FOLFIRI (5-fluorouracil, irino-
tecan, leucovorin) increased response rates
(59 % vs. 43 %, P=0.004) and PFS (HR 0.68, CI
0.50-0.94, P=0.02) in patients with K-ras wild-
type (wt) tumors and increased RO resection
rates of patients with initially unresectable met-
astatic CRC (4.8 % with FOLFIRI + cetuximab
vs. 1.7% with FOLFIRI alone [includes both
K-ras wt and mutant tumor status]) [16]. The
OPUS trial has obtained similar results
(FOLFOX = cetuximab vs. standard chemother-
apy alone). The response rate in patients with
K-ras wild-type tumors was 61 % with the addi-
tion of cetuximab vs. 37 % with standard che-
motherapy [17]. Another randomized phase II
multicenter study (the CELIM study) of cetux-
imab plus FOLFOX6 or cetuximab plus
FOLFIRI in the neoadjuvant setting of nonre-
sectable metastatic CRC confined to liver found
response rates of 68 % in the FOLFOX6 arms
and 57 % in the FOLFIRI arms. In a combined
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Fig.15.1 Results of chemotherapy: CT scan demonstrating. (a) Tumor burden prechemotherapy treatment; (b) tumor
burden postchemotherapy treatment

analysis of both arms, response rate was 70 % in
patients with wild-type K-ras tumors. RO resec-
tions were performed in 34 % of patients [18].

In addition, surgeons have begun to examine
combinations of three times cytotoxic chemo-
therapy plus antibody treatment with bevaci-
zumab or cetuximab. Randomized trials have
shown that combination of a biologic agent with
an oxaliplatin- or irinotecan- based regimen can
increase efficacy and also the rate of secondary
resection of metastatic lesions [19]. The combi-
nation of cetuximab with a chronomodulated
FOLFOXIRI regimen resulted in an 85%
response rate and a 75 % resection rate. However,
dose reduction was necessary because of unac-
ceptable rates of diarrhea, and a less conservative
definition of nonresectability was used [20].
Further studies are needed to show an advantage
over FOLFOXIRI or chemotherapy plus
cetuximab.

As for initially nonresectable CRLM to con-
ventional systemic therapy, a number of studies
have shown very significantly results. A retro-
spective study evaluated 151 initially nonresect-
able CRLM patients to first-line conventional
chemotherapy, who then underwent combining
therapy with cetuximab [21]. After a median of
six cycles of combining therapy with cetuximab,
25 (16 %) of those patients underwent surgery.
After a median of 16 months follow-up, 23 of the
25 patients (92%) were alive and 10 (40%)
were disease-free. Median OS durations from

initiation of cetuximab therapy were 20 months
and PES durations were 13 months. Similarly, in
a single-arm study, initially unresectable CRLM
patients to tritherapy with fluorouracil/leucovo-
rin, irinotecan, and oxaliplatin, 82 % of patients
could have RO resection. Complete clinical
remission rate postoperative was 79 %, and
2-year survival rate was 83 % following triple
cytotoxic chemotherapy [22].

15.3.1.2 Intra-arterial Chemotherapy

The interest in using intra-arterial chemotherapy
in neoadjuvant setting has also progressively
increased as it has been demonstrated to have a
high response rate in both the first- and second-
line settings. In a Clavien et al. study, 6 (26 %) of
23 previously treated patients were induced
resectability using HAI-FUDR with or without
leucovorin. The actuarial 3-year survival rates
were 84 % for neoadjuvant therapy responders
compared to 40 % for nonresponders [23]. In a
Memorial Sloan-Kettering hospital study [24],
44 patients with extensive liver metastases using
HAI-FUDR and dexamethasone plus oxaliplatin-
based systemic chemotherapy as part of two
phase I trials in 44 extensive liver metastases
patients. The study population in this trial had a
high number of patients with more than four
metastases, metastases greater than 5 cm, more
than 25 % liver involvement with tumor, a CEA
level greater than 10 ng/dl, and previous chemo-
therapy exposure. Despite these negative param-
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eters, the objective response rate was 82 %;
therefore, 9 (20 %) of the 44 patients underwent
complete gross resection of tumor and a median
survival for all patients of 26 months. The cur-
rent, original data from several clinical trials
using the oxaliplatin or irinotecan via HAI have
been promising.

15.3.2 Adjunctive Techniques
Employed to Reduce the Liver
Volume to Be Resected Tumor
Ablation Techniques

The use of ablative techniques enables the possi-
bility to avoid resection of healthy parenchyma
around tumors, thus permitting treatment of a
greater number of lesions. Efficacy of these local
ablative techniques is considered superior to that
of chemotherapy alone.

Radiofrequency ablation (RFA) — This tech-
nique uses heat (200 to 2 MHz) to destroy solid
organ tumors. It is considered as a curative treat-
ment for hepatocellular carcinoma smaller than
3 cm. It has also been proven to be an effective
technique to treat colorectal liver metastases
(Fig. 15.2). Risk factors for failure of RFA are
tumor volume (>3 cm), centrally located metasta-
ses and proximity to large vessels [25, 26], age
above 55 years, and percutaneous approach.
Morbidity is low (range 0-33%) but, when
occurring, can be very deleterious. RFA proce-
dure when performed in combination with sur-
gery increases the resectability and curability for

oy

patients in whom hepatic resection alone is not
curative. It has reported that adding RFA to liver
resection could be well tolerated with a periop-
erative morbidity and mortality comparable to
those seen after resection alone [27]. For metas-
tases considered as unresectable, RFA combined
with hepatic resection can achieve a median sur-
vival as high 37 months [28].

Cryotherapy — This method causes destruction
of tumoral cells by direct cellular freezing and
indirectly through vascular thrombosis and tissue
anoxia (Fig. 15.3). It has proven to be effective in
liver metastases of colorectal cancer in terms of
survival, and results of such treatment combined
with hepatic resection for patients not eligible for
hepatic resection alone have shown a 5-year sur-
vival rate of 24 %, better than those obtained by

Fig. 15.3 Intraoperative cryotherapy ablation as adjunc-
tive procedure to liver resection

B
>

\

Fig. 15.2 Schematic demonstration of the tumor radiofrequency ablation (RFA) used as adjunctive procedure to liver

surgery
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palliative chemotherapy [8, 29]. Local recurrence
at the site of cryotherapy occurs in 5-44 % of
patients, and it has been found that the rate
increases when treating multiple lesions (>8),
large lesions (>3 cm), or tumors located to major
blood vessels (blood warmth may impair the
freezing process). Recurrence rate is however
higher than after liver resection and RFA. Edge
cryotherapy is utilized in some centers to achieve
a | cm margin after hepatectomy. However, with
the emergence of radiofrequency ablation, the
use of cryotherapy in liver metastases has become
limited.

15.3.3 Techniques Employed

to Improve Remnant Liver

Volume
15.3.3.1 Preoperative Portal Vein
Embolization
The first cause of mortality after liver resection
remains liver failure. This complication appears
when the liver remnant volume is too small to
cope with the postoperative metabolic demands.
Criteria defining this state are encephalopathy,
hyperbilirubinemia, and coagulopathy, which are
frequently associated with renal insufficiency. It
is accepted that the risk of liver failure is consid-
erable when remnant liver is less than 30 % (nor-
mal parenchyma) and less than 40 % (pathological
parenchyma). In this context, embolizing one
side of the portal venous system that induces the
contralateral liver lobe hypertrophy (the future
remnant liver) can reduce the incidence of post-
operative liver failure.

This phenomenon (unilateral hypertrophy)
was initially observed in intrahepatic cholan-
giocarcinomas, where compression of a portal
branch caused atrophy of segments down-
stream to this branch and compensatory hyper-
trophy of the remnant liver. Makuuchi was the
first to utilize this observation by occluding the
right branch of the portal vein before a right
hepatectomy. The future resected liver atro-
phied while the future remnant liver grew in
size. Many products have been used to occlude

the portal vein including gelatin sponge, coils,
cyanoacrylate, and alcohol. None has shown an
advantage in inducing atrophy or hypertrophy
of the liver. Recently, transient portal vein
embolization with reabsorbable occlusive
products has been successfully developed and
employed [30].

There are several ways of occluding the por-
tal vein. Portal vein embolization can be done
percutaneously under radioscopic control
(Fig. 15.4) by punctioning the contralateral
branch of the portal vein to be embolized (e.g.,
left branch of PV). The product is injected or
deployed in the contralateral side (e.g., right
branch of PV) in the same direction of the
bloodstream. The ipsilateral approach is another
alternative method performed by punctioning
the right portal vein and injecting the product in
counter stream direction.

Surgical approaches have also been described.
An ileocolic vein approach is sometimes per-
formed through a mini-laparotomy. The catheter
is pushed to the desired portal branch through the
superior mesenteric vein accessed by an ileocolic
vein.

Finally, portal vein occlusion can be per-
formed as a part of a two-step resection (see Two-
Stage Hepatectomy). There are reports of
laparoscopic portal vein ligation in the same
operative time as primary resection [31]. The
results are comparable to those of radiological or
laparotomy PVE/PVL. Mortality of PVE or PVL
is exceptional. Morbidity is mainly due to the so-
called post-embolization syndrome which is
characterized by nausea and vomiting.

Standard chemotherapy does not seem to
impact compensatory hyperplasia after PVE [32].
Similarly bevacizumab does not impact regenera-
tion after PVE procedure [33]. Regeneration fail-
ure after PVE can be considered as a predictive
factor for liver failure after hepatectomy as PVE
is a stress test for liver regeneration. Indocyanine
green clearance and three-dimensional CT scan
have shown to be effective monitoring investiga-
tions for compensatory liver hypertrophy. Timing
of hepatectomy after portal vein embolization is
highly variable. Most frequently, the interval
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Fig. 15.4 (a) Radiological demonstration of percutaneous portal vein embolization; (b) intraoperative demonstration
of the right lobe atrophy with a contralateral lobe hypertrophy

between the two procedures is 3—6 weeks. During
this interval, chemotherapy must be resumed
except for bevacizumab. Indeed there are studies
underlining the risk of tumor growth in the future
remnant liver though literature is controversial.
Elias was the first to report a growth of metasta-
ses in the non-embolized lobe after PVE in the
waiting time before surgery. Others have reported
growth of metastases in the embolized lobe.
However, these studies only compare pre- and
post-PVE volumes and therefore do not show an
increase in growth speed after PVE. To prevent
the growth of metastases in the future remnant
liver, association of PVE to chemoembolization,
as practiced for hepatocellular carcinoma by
Japanese teams, may be a treatment option.
Indeed, the arterial buffer response activated after
PVE could be responsible for the growth of the
metastases in both lobes via an increased oxygen
and nutrient support. Nevertheless, morbidity of
this procedure especially biliary necrosis could
be considerable, and a very careful evaluation of

this strategy is always necessary. The most
important figure is how this potential growth
could impact on curability of the patients. In a
recent meta-analysis, it is shown that, after PVE,
17% of the embolized patients do not undergo
liver resection, two thirds of which due to disease
progression [34].

15.3.3.2 Two-Stage Hepatectomy

Principles

This strategy is reserved for extremely difficult
cases of multinodular, bilobar disease, not man-
ageable with standard liver resections, often
requiring more than 70 % of the functional paren-
chyma to be sacrificed. The main principle of this
strategy is sequential resection by two-staged
hepatectomies. The objective of first hepatec-
tomy is to render the eventual remnant liver
parenchyma tumor-free, as a result of which, the
second liver resection becomes feasible and
potentially curative. The success of this proce-
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dure depends upon liver regeneration between
the two interventions, which in turn allows the
second resection to be performed with acceptable
risks. Generally, patients can be classified into
three possible groups: patients with multinodular,
unilobar metastatic disease who require resection
of up to 70% of the functional parenchyma;
patients with multinodular, bilobar metastatic
disease, whose resection leaves no more than
three nodules in the remnant liver; and lastly
patients with multiple bilobar lesions, in which a
planed resection would live more than three nod-
ules or any nodule larger than 3 cm in the rem-
nant liver. For the first group, preoperative portal
vein embolization followed by liver resection
provides the best surgical treatment, whereas
liver resection combined with intraoperative
local ablation therapy is the choice for the second
group of patients. On the other hand, patients
belonging to the later group would be best treated
with two-stage hepatectomy; hence, it is this
group of patients which would benefit the most
from the recently developed strategy.

Preoperative and Intraoperative

Assessment

Patients’ evaluation should include liver US, con-
trasted CT, or MR imaging of the abdomen and
pelvis (preferred investigative modalities). It is
essential for planning the resection extensiveness
by determining the intrahepatic extent of the dis-
ease and its relation with important vascular and
biliary structures. Local recurrence at the primary
site should be excluded by performing a
colonoscopy.

The functional capacity of the liver should be
measured by the indocyanine green (ICG) test, to
determine the necessary remaining liver volume
after hepatic resection. Usually, to perform a safe
hepatic resection, in the patients with absence of
prolonged chemotherapy and normal ICG clear-
ance, the remnant liver should have >30% of
functional parenchyma. For another, the func-
tional parenchyma volume should be >40% in
patients with prolonged chemotherapy or abnor-
mal ICG clearance.

During the intervention, the abdominal cavity
is carefully explored, and if any extrahepatic

tumor deposit or suspicious lymph node(s) is sus-
pected, a frozen-section histological examination
should be performed. The second step involves a
manual palpation and intraoperative US exami-
nation of the liver to determine the degree of the
metastatic disease affecting it. Intraoperative US
is a mandatory part of the operation as it can give
additional information in up to 89 % and may
contribute to change therapeutic plans in up to
42 % of the cases [35]. Its guidance is invaluable,
particularly when precise mapping of the ana-
tomical relationship between metastases and
main hepatic vessels is required. Its sensitivity
approaches 90 %, and if there are no contraindi-
cations to surgery, the hepatic resection should
begin.

Technical Aspects

Types of Resection

Depending on the pattern of the metastatic dis-
ease, different approaches can be used to decide
which lobe is operated on first and often this
decision is made intraoperatively. From a general
point of view, the type of resection performed
during the first stage can be one of the two
described below.

Left metastatic resection (anatomical or non-
anatomical) and right PVE — This approach con-
sists of metastatic clearance on the left liver
combined with right portal vein embolization. In
addition, in patients with a primary colorectal
tumor in place, a colectomy is performed during
the same intervention (first stage). The initial
steps of this procedure are identical to those of
standard hepatectomies. However, considering
that the ultimate intention is to proceed with a
second liver resection, minimum dissection at the
site to be resected during the second stage should
be performed in order to minimize the fibrotic
adhesions. Therefore, the division of triangular
ligament and excessive dissection of hilar struc-
tures of the contralateral lobe is avoided.
Following the mobilization of the concerned site
of the liver and the control of the portal struc-
tures, the resection of the metastases commences,
aiming not only to achieve the oncological target
(complete clearance of tumor lesions from the
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left lobe with microscopically free margins) but
also at the maximal conservation of the tumor-
free liver parenchyma. The resection of the liver
is done in the usual fashion by using either ultra-
sonic dissector or Kelly clamp with intermittent
inflow occlusion combined with the use of low
central venous pressure anesthesia. Major sup-
plying vessels are ligated along the parenchyma
transection, taking care in minimizing in maxi-
mum the blood loss which has been proven to be
an independent risk factor in the postoperative
outcome [4]. Following the resection, the proce-
dure continues with the exposure of the right
branch of the portal vein. The exposure is
obtained by a lateral approaching of the free edge
of the hepatoduodenal ligament. Knowing that
position of the portal vein is posterior helps to
direct the dissection toward it, minimizing exces-
sive tissue disruption. Obtaining the control of
the right branch of PV just distal to the bifurca-
tion is followed by its ligation/division and by
absolute alcohol injection (1015 cc) into the dis-
tal end. This step has a double purpose: first, it
triggers the growth of the remnant parenchyma of
the left lobe, and second it prevents a cavernous
transformation of the right portal system [36].
Important point of this maneuver is to ligate the
vein before the injection in order to prevent prox-
imal spilling of the alcohol which can result in
thrombosis of the common portal trunk. Our
practice is to check the result of embolization
intraoperatively by US/Doppler examination.
Demonstration of the absence of flow in the por-
tal system as well as visualization of a newly
formed thrombus would confirm the result of the
procedure. The procedure is terminated after the
completion of the embolization. A drain is left in
the resected site of the liver, and the abdomen is
closed with nonabsorbable sutures (interrupted).
Subsequently, after an interval of 3-4 weeks
(interval to allow liver regeneration), chemother-
apy is commenced, following which the second
resection (stage) is performed, aiming at a com-
plete metastatic clearance by resecting the right
lobe or individual segments harboring the remain-
ing metastatic lesions. Our approach in deciding
the appropriate time for the second liver resection
is based on the amount of liver regeneration and

the control of remnant tumor by chemotherapy.
Although this technique is advantageous as it
limits the dissection only at the hepatic pedicle,
its applicability can at times be limited by the
tumor volume, often making the use of local
ablation therapies (RFA, cryotherapy) necessary.
Right hepatectomy - In circumstances
whereby the right lobe harbors several large or
multiple small tumor lesions with a less extensive
involvement of the left lobe, a right hepatectomy
can be done as the first stage. Indeed, this inter-
vention involves the same steps as for a standard
right segmental or lobe resection (surgical inci-
sion, IOUS, mobilization of the right lobe and
control of the portal inflow followed by the resec-
tion of the concerned area). Performing the right
hepatectomy first allows removal of the main
tumoral mass. The subsequent second stage
(resection of the remaining metastases of the left
lobe) is delayed until the left liver has undergone
sufficient regeneration; however, two important
issues are associated with this approach, firstly
due to a more extensive nature this intervention
leads to formation of dense adhesions which in
turn make the second stage technically more dif-
ficult. Secondly, it exposes the remaining metas-
tases in the left liver to high growth stimulation,
potentially surpassing the growth of the nontu-
moral hepatic parenchyma, potentially making
impossible to proceed with the second stage.

Intraoperative Portal Vein Embolization

As mentioned in the earlier paragraph, our pre-
ferred approach is to perform PVE during the
first-stage resection, be it right hepatectomy or
metastasectomy (procedure described in the
paragraph of the Surgical Technique). This
maneuver is reserved mainly for cases which are
anticipated to have a small liver volume after the
second (stage) liver resection. It is important to
remember that larger liver volumes are required
for patients who have received high doses of che-
motherapy [37] (40% of the total volume as
opposed to 30 % for non chemo patients), hence
making the PVE for the extended resections often
a necessity. A point to stress out is that to achieve
the desired end result (growth of the opposite
lobe), the operating surgeon has to make sure that
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both the branches of the right portal vein (ante-
rior and posterior sector) should be embolized.
This is done by a careful intraoperative US map-
ping of the portal branches before and after alco-
hol injection, with the objective to demonstrate
lack of portal flow and thrombus formation. The
use of PVE in the published two-stage resection
series ranges between 46 and 100 % [38, 39]. In
our series, we used PVE in 74 % of the patients;
Shimada et al. [40] in his series used PVE in 83 %
of patients as opposed to the 100% use in the
series of Jaeck et al. [39]. Although some of the
authors perform the PVE postoperatively [39],
our preference is to perform the embolization of
the PV during the first-stage intervention. The
embolization itself does not add significant mor-
bidity and can possibly increase the 5-year
survival.

Interval Adjuvant Chemotherapy
Chemotherapy is an important part of this treat-
ment strategy. Our approach involves administra-
tion of chemotherapy before and between the two
stages. The role of the “downstaging” preopera-
tive chemotherapy as a determinant in the post-
operative outcome and its efficacy has been
demonstrated by previous studies [6]. The che-
motherapy given between the two stages usually
started 3—4 weeks after the first intervention, in
order to avoid suppression of the liver regenera-
tion which normally takes place after the resec-
tion. The type of chemotherapy protocol is the
same as the one administered in the preoperative
period, unless the tumor size or the levels of
tumor markers have increased, in which case a
new regime is commenced. Although the influ-
ence of chemotherapy (between two stages) on
the survival benefits as well as morbidity and
mortality remains to be better evaluated, we uti-
lize it based on the rationale that it inhibits the
tumor growth. In our latest series update among
31 patients who received chemotherapy between
the two resections, only one had evidence of dis-
ease progression before the second-stage opera-
tion [41]. Similarly, Jaeck et al. in their series
observed the same (halt of the disease progress)
in patients who received chemotherapy after the
first resection [39].

Surgical Results

Using a very selective approach, our experience
has demonstrated a completion rate for the
second-stage hepatectomy of 69 %. In other stud-
ies, the completion rate ranges from 70 to 100 %
[39, 42, 43]. In the reported series, the mortality
and morbidity after the second resection range
from 0% [39, 40, 43] to 15 % [38] and 18 % [43]
to 56 % [39], respectively. The 3-year survival
rate was 54 % in the series reported by Jaeck
et al. which is higher than the survival rate
reported by Togo et al. (3-year survival of 45 %),
with the former author attributing the good results
to a very careful patient selection and also to
administration of chemotherapy between the two
operative stages.

In our initial report [38], the 3-year survival
was 35 %, and the mortality and morbidity rates
were 15 % and 45 %, respectively. However, in a
recent updated series reported by our group [41],
the mortality after the second hepatectomy had
improved considerably (6.5% versus 15%),
whereas the morbidity rates remained at the same
range (48 % versus 45 %). The actuarial 3- and
5-year overall survivals were 47 % and 28 %.

15.3.4 Extreme Liver Surgery

When metastases are located in direct vicinity
or invade inferior vena cava or the confluence of
the hepatic veins, liver resection is highly dan-
gerous. The risk of massive hemorrhage and gas
embolism is high, precluding resection in many
cases. However, technical improvements, now,
have enabled liver surgeons to operate on such
patients.

Preoperative evaluation is crucial to identify
patients who would require vascular reconstruc-
tion (reimplantation or graft replacement).
Ultimately the final decision whether to operate
or not on these patients would entirely depend on
the risk to benefit ratio. Therefore, these interven-
tions would be performed only when the surgeon
anticipates that performing such radical proce-
dures outweighs the risk involved. Total vascular
exclusion (TVE) of the liver is achieved by asso-
ciating inflow and outflow occlusion. Portal triad
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Fig.15.5 Schematic
demonstration of liver
resection combined
with total vascular
exclusion, veno-venous
bypass and
hypothermic perfusion

clamping is the first step of this procedure fol-
lowed by interruption of the outflow achieved
either by clamping the concerned hepatic vein(s)
or by clamping the vena cava above and below
the liver. The first method is the preferred one as
it does not interrupt the venous return to the heart.
On the other hand, when this strategy is not
applicable (i.e., tumor too close to the hepatic or
portal veins), the exclusion of the liver by clamp-
ing the supra- and infra-hepatic vena cava is
done, in which case a veno-venous bypass is
required in order to prevent cardiac and renal
complications (Fig. 15.5).

Maximal hepatic ischemia time is estimated
to 60 min. Over this limit, in situ hypothermia
must be used to avoid ischemic suffering of the
remnant liver parenchyma. Topical cooling or
hypothermic perfusion can be performed
depending on the situation. In situ perfusion is
performed via a catheter placed downstream of
the portal clamp with a conservation solution

chilled at 4 °C. In this regard, it was the work
conducted by our team [44], which identified
three predictive factors for a TVE >60 min
(tumors >10 cm, portal vein embolization,
anticipated vascular reconstruction) whose pres-
ence could be used as criteria to plan the hypo-
thermic perfusion as early as the preoperative
stage for patients who require major liver resec-
tion with vascular reconstruction for colorectal
liver metastases.

Conclusion

Resectability of colorectal liver metastases
has improved by the development of a number
of novel therapies.

The presence of poor prognostic factors no
longer limits the indications for liver resec-
tion. It is essential to require close cooperation
between oncologists and surgeons for treating
unresectable colorectal liver metastases
patients.
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Combined chemotherapy regimens includ-
ing SFU, leucovorin, oxaliplatin, and/or irino-
tecan can significantly downstage metastatic
liver lesions capacitating curative rescue
resection leading to improved long-term
survival. In addition, cetuximab and bevaci-
zumab may produce a higher resectability rate
resulting in a higher number of patients who
undergo potential curative surgery.

Different surgical techniques such as portal
vein embolization and two-stage hepatectomy
at times associated with local ablation (RFA or
cryotherapy) are nowadays widely available in
order to achieve a respectable situation.

Own to vascular exclusion and reconstruc-
tion techniques, tumor involvement of the
hepatic, portal, or caval vein(s) no longer pro-
hibits the indication for liver resection.

Overall surgery should be performed in
resectable liver metastases as soon as possible.
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16.1 Introduction

Colorectal cancer is the fourth most frequently
diagnosed cancer and the second leading cause of
death from cancer in Western countries [1].
Colorectal cancer incidence is also rising in other
parts of the world, especially in Asia. Death from
colorectal cancer has slightly reduced over the
past 30 years, partly own to the advance of treat-
ment modalities.

Approximately 50-60 % of colorectal can-
cer patients will develop colorectal metasta-
ses. Over 70% of patients with metastatic
colorectal cancer (MCRC) show synchronous
metastases. Of note, salvage metastatic sur-
gery can be performed in up to 15 % of patients
with initially unresectable metastatic colorec-
tal cancer [2, 3].

The basic principle for the optimal manage-
ment of metastatic colorectal cancer patients is
more than based upon the results of the random-
ized studies. The different features of the disease
must be considered and incorporated:
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e Patients are heterogeneous regarding prog-
nostic factors, and some are too frail to receive
the most active treatments.

* Prolonged survival makes continuous chemo-
therapy cumbersome, difficult, and expensive.

e Surgery can rescue and cure some patients.

e Oxaliplatin has a limiting cumulative toxicity.

e Several regimens are available for a multi-line
strategy.

¢ Individual results of first- or second-line trials
do not fully acknowledge what was done
either before or after the study.

¢ Study endpoints are debatable.

* Molecular targeted drugs failed to replace
chemotherapy but are usefully combined with
chemotherapy.

* Biomarkers which can be either prognostic or
predictive.

Three prognostic risk groups have been identi-
fied in patients who undergo 5-fluorouracil
(5-FU)-based treatment for MCRC, depending
on four baseline parameters: WHO performance
status (PS), white blood cell (WBC) count, alka-
line phosphatase, and a number of metastatic
sites [4]. WHO PS>1 and increased LDH level at
baseline appear to be the strongest parameters
associated with poor prognosis in recent trials [3,
5-7]. New biomarkers can predict sensitivity or
nonsensitivity to therapies such as KRAS or
BRAF status [8-12].

In addition our knowledge is built on clinical
trials conducted in selected populations who are
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younger and suffering less comorbidities than the
general population of MCRC.

16.2 First-Line Therapy

16.2.1 Combination or Sequential
Therapy

Active chemotherapy drugs in MCRC are fluoro-
pyrimidines, oxaliplatin, and irinotecan.
Fluoropyrimidines can be applied either alone or
in combination with two other drugs, but should
fluoropyrimidine monotherapy, doublets, or trip-
lets, be used as first-line therapy?

Registered studies have demonstrated that
combination therapies were better than mono-
therapy in terms of response rate (RR),
progression-free survival (PFS), and in some tri-
als overall survival [5, 7, 13].

Three other studies researched the results of
monotherapy versus combination therapy.

The CAIRO 1 study randomized 820 patients
[14]. Capecitabine followed by irinotecan, fol-
lowed by XELOX, was the first arm, and XELIRI
followed by XELOX was the second arm. The
FOCUS study randomized 2,135 patients in five
different arms: modified LV5FU2 followed by
irinotecan (arm 1), FOLFIRI (arm 2),
mFOLFOX6 (arm 3), FOLFIRI (arm 4), and
mFOLFOX6 (arm 5) [15]. Both studies showed
that there was no survival advantage for the front-
line combination. However, both trials performed
unfavorable median survivals compared with piv-
otal trials with the same regimens, 17.4 and
16.3 months for the combination and sequential
therapy in the CAIRO 1 trial, respectively, 15.4
and 16.7 months for the combination therapy,
15.0 and 15.2 months for monotherapy followed
by combination therapy, and 13.9 months for
sequential monotherapy in the FOCUS trial. Two
pitfalls explained the poor survival and were
common in the two studies: salvage surgery was
not administered and a low proportion of patients
(19-55 % according to arms) underwent the three
active drugs, fluoropyrimidines, oxaliplatin, and
irinotecan. A third France study which random-
ized 410 patients showed similar results [16].
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A lower toxicity is the advantage of mono-
therapy. However, if combinations are applied
later in the process of the disease, worse toxicity
could manifest more frequently than that in the
first-line therapy. Of note, poor prognosis patients
most likely cannot benefit from monotherapy.
And on this basis, as soon as the sensitivity is not
predicted, we believe that frontline monotherapy
should be administered in patients who are unable
to receive a combination or refuse intravenous
chemotherapy. The patients who have no poor
prognostic factor with non-operable sites could
also receive fluoropyrimidines alone.

16.2.2 Oxaliplatin-Based or
Irinotecan-Based Regimen?

Tournigand et al. randomized metastatic colorec-
tal cancer patients. The first arm was irinotecan
or oxaliplatin; the second arm was both given in
combination with a simplified LV5SFU2 infusion
[3]. This trial was the first study for directly com-
paring the addition of oxaliplatin or irinotecan in
combination with infusional 5-FU and leucovo-
rin. In the final results about response rates and
PES, there is no difference between FOLFIRI
and FOLFOXG6 as first-line therapy. The FOLFIRI
regimen as second-line therapy after progression
on FOLFOX6 was less active than FOLFOX6
after progression on FOLFIRI. Of note, the
second-line therapy was administrated in more
than 70 % of the patients, and 13 % of the patients
had RO surgery of metastases on FOLFOX arm
and FOLFIRI arm, respectively. The median
overall survival of both arms was over 20 months.
These results show that sequential regimen treat-
ment optimizes outcome for patients.

The matter of debate focuses on the choice
between oxaliplatin-based and irinotecan-based
regimen. The choice can also be influenced by
fluoropyrimidine regimen, especially in combi-
nation with irinotecan: IFL (irinotecan with SFU
bolus). It was shown to be worse and more toxic
than FOLFOX [17, 18]. The result from
Tournigand study performing FOLFIRI showed
it could be more active than irinotecan with the
standard LVSFU?2 or IFL or XELIRI [7, 13, 19].
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However, the Tournigand study also reported
FOLFIRI first-line is less grade 3—4 toxicity and
more active of FOLFOX second-line (ORR 15 %
vs 4%, PFS second-line 4.9 vs. 2.3 months),
while FOLFOX first line are less patients who
have serious adverse events and more patients
could undergo surgery of metastases (22% vs.
9%). Nevertheless, less grade 3—4 toxicity is due
to there is no clinically relevant in grade 3 neutro-
penia which is in most cases and the salvage sur-
gery was not designed or powered to evaluate in
this study. Another advantage of FOLFOX is that
the same result of patients was achieved in the
FOLFOX6 arm which received 44.5 % less com-
bination chemotherapy cycles (1,081 cycles) than
in the FOLFIRI arm (1,562 cycles) (unpublished
data). The cumulative oxaliplatin-based neuro-
sensory toxicity could explain this result. Most
patients stopped oxaliplatin due to neurotoxicity
rather than tumor progression. The potential of
FOLFOX could be improved if we could manage
the neurotoxicity or reintroduce FOLFOX after
recovery from neurotoxicity.

Eventually, if this argumentation is true, the
most active doublets may be the elements of
chemotherapy.

16.2.3 Optimization of Chemotherapy
for Metastatic Colorectal
Cancer

16.2.3.1 Oxaliplatin Stop-and-Go

Strategy

One potential approach to achieve more active

and less neurotoxicity of oxaliplatin is to admin-

ister the FOLFOX regimen for a defined time
span; before severe neurotoxicity emerged stop
therapy, and reintroduce the regimen after
recovery from neurotoxicity. This approach is
encouraged due to the observation that reintro-
ducting oxaliplatin was found to be clinically
effective in a series of patients who stopped
oxaliplatin due to neurotoxicity and recovered

before reintroduction [20].

The OPTIMOXI1 trial has evaluated the oxali-
platin stop-and-go strategy [6]. This study ran-
domized the metastatic colorectal cancer patients.
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The first arm was FOLFOX4 until progression;
the second arm was the OPTIMOXI1 strategy,
which consisted in six cycles of FOLFOX7 che-
motherapy [21] followed after evaluating proba-
bilities of salvage surgery by maintenance
therapy with the simplified LV5FU2 regimen
without oxaliplatin. After 12 cycles of LVSFU2
chemotherapy, FOLFOX7 was reintroduced in
patients who have stable disease or response.
This enrolled 620 patients, including an explor-
atory cohort of 95 elderly or poor prognosis
patients. Median progression-free survival and
survival times of FOLFOX4 arm were 9.0 and
19.3 months, respectively, compared with 8.7 and
21.2 months, respectively, in FOLFOX7/
sLVS5FU2 arm. This difference, however, was not
statistically significant. Lesser grade 3 or 4 toxic-
ity was experienced in the investigational arm.
Including oxaliplatin reintroduction, grade 3 sen-
sory neuropathy was observed in 17.9% and
13.3% of the FOLFOX4 arm and FOLFOX7/
sLV5FU2 arm patients, respectively. In the
investigational arm, 40 % of the patients reintro-
duced oxaliplatin, and 69.4% of these patients
achieved response or stabilization. The
OPTIMOXI1 study provided that better tolerated
and similar efficacy could be achieved in a short
induction with oxaliplatin followed by mainte-
nance therapy than continuous administration of
the drug until progression or the cumulative neu-
rotoxicity developed.

The OPTIMOX1 study has also demonstrated
that oxaliplatin reintroduction was related to
improved prognosis in patients with advanced
colorectal cancer [22]. The influence of reintro-
ducing oxaliplatin on OS was potentially dis-
simulated by the fact that majority of the patients
did not undergo the planned oxaliplatin reintro-
duction or received oxaliplatin after second-line
therapy in both arms. The oxaliplatin reintroduc-
tion had an independent and significant impact
on OS (HR=0.56, P=0.009) as demonstrated by
a Cox model fitted with all effective baseline fac-
tors plus time-dependent variables reflecting
tumor progression, reintroduction of oxaliplatin,
and use of second-line irinotecan. It was also
demonstrated that the centage of oxaliplatin
reintroduction patients had an effective impact
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on OS. Centers which more than 40 % of the
patients underwent oxaliplatin reintroduction
had an oriented HR for OS of 0.59 compared
with centers which patients had no oxaliplatin
reintroduction.

The Combined Oxaliplatin Neuropathy
Prevention Trial (CONCEPT) compared a con-
tinuous administration of FOLFOX to a desultory
administration of eight cycles of FOLFOX plus
bevacizumab, followed by eight cycles of main-
tenance LV/5FU plus bevacizumab, and FOLFOX
reintroduction plus bevacizumab for eight cycles.
PFS of continuous administration arm was
7.3 months compared to 12.0 months in the stop-
and-go strategy arm (P=0.044) [23].

16.2.3.2 Complete Stop of
Chemotherapy
The treatment for colorectal cancer has evolved
from approximately 1 year with 5-FU alone to
1620 months for FOLFOX4, to more than
20 months administered all available drugs. The
gradual prolongation of median survival in
colorectal metastasis patients and the hardness
to keep patients a long time on therapy led to
evaluate chemotherapy discontinuation in
prospective trials are frequently. In order to
study several reasons, including lengthy
sustained responses or stabilization, toxicity, and
the patient’s decision to discontinue treatment,
advanced colorectal cancer patients were
employed in CFIs.

Two studies have been designed for evaluating
CFIs after 5-FU therapy alone [24, 25]. 354
patients were randomized in the largest study.
The median duration of CFI was 2.8 months;
there was not worse survival and less toxicity in
patients of stop therapy arm, compared to patients
of continuous therapy arm [25]. However, only
37% of the eligible patients reintroduced their
treatment.

Recently, the OPTIMOX2 study compared
chemotherapy holiday to maintenance therapy
with leucovorin and 5-FU, following six cycles
of FOLFOX chemotherapy in the first-line treat-
ment of MCRC [26]. Median PFS and OS of
maintenance arm were 8.6 and 23.8 months,
respectively, and 6.6 and 19.5 months in CFI arm,
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respectively. Median duration of patients in
maintenance arm and chemotherapy-free interval
arm were 4.8 months and 3.9 months, respec-
tively. The MRC COIN study compared a con-
tinuous oxaliplatin-based chemotherapy until
disease progresses to a complete stop-and-go
strategy after 3 months of an oxaliplatin-based
treatment [27]. As in the OPTIMOX2 study,
median overall survival was lower in the CFI arm
than in the control arm (14.4 vs. 15.8 months),
but not significantly (HR=1.084): “a small
advantage in survival at the expense of toxicity
and time on treatment.” However, we believe that
we cannot decide chemotherapy holidays before
therapy is initiated in advanced colorectal cancer
patients. Patients with advanced disease who are
on FOLFOX therapy or underwent salvage sur-
gery biased the results. Chemotherapy discontin-
uation can bring benefit to majority of the
patients. Our standards for chemotherapy discon-
tinuation were defined from patients in the
OPTIMOX1 and OPTIMOX2 studies: a normal
CEA level within 3 months on chemotherapy and
6 months duration of chemotherapy before CFI
predicted a prolonged survival [28].

Ongoing studies are further evaluating chemo-
therapy discontinuation especially the role of tar-
geted therapies alone like the DREAM trial.

16.2.4 Addition of Targeted Therapy

Targeted therapies are discussed in another chap-
ter. Here we will briefly review the recent studies
that in our opinion impact or may impact the
management of MCRC.

16.2.4.1 VEGF Inhibition

Combination bevacizumab meaningfully
improved the PFS of chemotherapy alone. This
has been demonstrated with irinotecan-based
chemotherapy, 5-FU alone, and oxaliplatin-based
chemotherapy. The benefit was greater with iri-
notecan than with oxaliplatin, and this could be
explained either to a better synergy or to a more
prolonged administration of bevacizumab in the
irinotecan trial [29-31]. Of note, bevacizumab
administrated can obtain more benefit in first-line
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than in second-line therapy, and it is not observed
in third-line therapy [32, 33].

16.2.4.2 EGFR Inhibition

Cetuximab has been researched in combination
with oxaliplatin-based and irinotecan-based ther-
apy. Results were initially disappointing.
However, when it has been revealed that cetux-
imab only responded to patients with wild-type
KRAS tumors, the prolongation of PFS was more
convincing. For patients with KRAS wild-type
tumors, the combination cetuximab to either
FOLFIRI (CRYSTAL) or FOLFOX (OPUS) dis-
played an improvement in median PFS (9.9 vs.
8.7 months, p=0.02 and 7.7 vs. 7.2 months,
p=0.01) [34, 35]. However, in the COIN trial, the
prolongation of PFS was not observed in patients
receiving either FOLFOX or XELOX plus cetux-
imab, but this study was prospectively analyzed
according to the KRAS status which was not the
case of the previous studies [27].

Of note, the benefit of cetuximab is main-
tained or even enlarged in second-line or third-
line therapy what could observe a survival benefit,
which demonstrated that if the objective is sur-
vival, to use the drug as salvage therapy might be
a better choice [36, 37]. However, in all trials,
there is an improved response rate in patients
with wild-type KRAS tumors, suggesting a role
in patients amenable to surgery which will be dis-
cussed thereafter.

The benefit of panitumumab in survival in
wild-type KRAS tumors in third-line therapy
has also been demonstrated [38]. Two newly

r2=0,77/0,87
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performed large trials in first-line and second-
line therapy have shown that PFS was prolonged
in patients receiving either FOLFOX (first line)
or FOLFIRI (second line) plus panitumumab
[39, 40].

16.2.4.3 Double VEGF and EGF
Inhibition

The double inhibition with monoclonal antibod-
ies plus chemotherapy, bevacizumab plus panitu-
mumab in the PACCE trial, and bevacizumab
plus cetuximab in the CAIRO2 study failed to
improve the results achieved with chemotherapy
plus bevacizumab alone, showing even worst
results for the combination [41, 42]. Obviously,
the combination of these monoclonal antibodies
should not be used.

The ongoing DREAM study is evaluating the
combination of bevacizumab plus erlotinib in
maintenance therapy.

There is no definitive answer for the most
active targeted therapy in first-line therapy.
Looking at hazard ratios and benefit in median
survival, the combination of bevacizumab plus
chemotherapy, especially 5-FU and irinotecan,
takes the lead (Fig. 16.1).

16.2.5 Salvage Surgery After Tumor
Shrinkage

Salvage surgery can be performed in patients
with advanced colorectal cancer when chemo-
therapy achieves tumor shrinkage [43]. In phase

14,
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III studies, up to 15 % of the patients can benefit
from an RO resection. These patients have a
5-year survival rate of approximately 25 %. These
results approach the results achieved in patients
with initially resectable metastases [44].

The frequency of salvage surgery depends on
the response rate of chemotherapy and on the geo-
graphic localization. Obviously, the higher resec-
tion rates are observed in trials performed in the
Mediterranean countries. Differences in manage-
ment, multidisciplinary approach, and surgeon
experience explain the observed discrepancy. A
positive correlation was found between tumor
response and resection rate [45]. We confirmed
this paper looking only at randomized studies. In
the Mediterranean countries, the response rate to
achieve a 10 % RO resection rate is 54 % (Fig. 16.2).

These findings support the use of regimens
achieving a high response rate in patients with
metastases localized in operable sites.

Response rate over 50 % in first-line therapy
has been reported in several randomized studies.
FOLFOX4 achieved 50% (range in trials
34-58 %) [5, 6, 18, 29, 35, 46], FOLFOX6 54 %
(range 46-54 %) [3, 15], FOLFIRI 56 % (range
39-56 %) [3, 15, 19, 34, 46], and FOLFOXIRI
60 % (range 53—-60 %) [2, 47]. Targeted therapies
combined to chemotherapy slightly increase
response rates. In patients with wild-type KRAS,
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response rate was 57.3% with both FOLFIRI
plus cetuximab and FOLFOX plus cetuximab
and 55.0% with FOLFOX plus panitumumab
[27, 34, 39].

Of note, the response rate in the bevacizumab
trials is not increased as much as in the cetux-
imab or panitumumab trials, but it is also known
that the classical definition of response does not
fully reflect the efficacy of antiangiogenic agents.

Finally, should we use the most active regi-
men frontline to all patients to increase the resec-
tion rate? The benefit of a 10% increase in
response rate, which at best is what can be
achieved with targeted therapies combined with
the most active regimens, should translate in a
2% increase in RO resection and ultimately in
less than 1% cure. On the other hand, 100 % of
the patients are exposed to a more toxic regimen.
Furthermore, such an attitude may compromise
the strategy in case of nonresectable metastases
as second-line therapies are driven by the choice
of the first-line therapy. The correct answer might
be to improve patient and tumor selection using
optimal biomarkers and imagery to propose the
most active regimen only to patients most likely
to benefit from this strategy.

To conclude the first-line strategy and regi-
mens, the most relevant ongoing trials are pre-
sented in Table 16.1.
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Table 16.1 Ongoing randomized phase III trials in first-line MCRC

Study

Country sponsor

N

‘ Primary endpoint ‘ Design

Continuous chemotherapy/maintenance therapy/chemotherapy discontinuation

MACRO

Spain

475

PFS

Continuous combination
(XELOX-bev)

6 cycles XELOX-bev then
maintenance with bev

OPTIMOX3 - DREAM

France

650

PFS

6-month induction chemotherapy
then maintenance with bev

6-month induction chemotherapy
then maintenance with bev+erlotinib

CAIRO3

The Netherland

635

PFS2

Maintenance with chemo-bev

Chemotherapy discontinuation

SWS-SaKK-41/06

Switzerland

238

TTP

Maintenance bev

Chemotherapy discontinuation

OASIS

USA

800

PFS

FOLFOX-bev then FOLFIRI-bev

FOLFOX-bev then LVFU-bev

Which targeted therapy in combination with chemotherapy

CALGB-C80405 USA 2300 | OS FOLFOX or FOLFIRI + bev
FOLFOX or FOLFIRI + cetux
FOLFOX or FOLFIRI + bev + cetux
FIRE-3 Germany 568 ORR FOLFIRI + cetux
FOLFIRI + bev
Horizon 11 AstraZeneca 1050 | PFS FOLFOX/XELOX+ placebo
FOLFOX/XELOX+ cediranib
Horizon III AstraZeneca 1614 | PES FOLFOX/XELOX+ bevacizumab
FOLFOX/XELOX+ cediranib
A6181122 Pfizer 720 PFS FOLFIRI
FOLFIRI + sunitinib
Which regimen of chemotherapy
CT/05.16 Greece 330 PFS FOLFIRI + bev
XELIRI + bev
2008-03-012 Korea 334 PFS XELOX
SOX (S1-oxaliplatin)
GONO-TRIBE Italy 450 PFS FOLFIRI + bev
FOLFOXIRI + bev

16.3 Second- and Third-Line

Therapy

Second-line therapy could be administered in
most patients when resistance or toxicity closes
the first-line therapy. The second-line treatment
could be imposed by the choice of the first-line
therapy. The knowledge of the most active
second-line administrations must not lead to use

a suboptimal first-line regimen.

Exposure to all available agents has been

reported which could be more significant than the
number of lines [48]. Nevertheless, showed by

the date between the percentage of patients who
received all the available drugs and the median
survival, if all eligible patients receive all the
available chemotherapy drugs (80 % if we con-
sider that 20 % would have surgery or be unable
to receive all drugs), the median survival would

be limited to 22 months. However, the median
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survival would be over 22 months by using tar-
geted agents in the new strategies or using the
oxaliplatin in stop-and-go strategy late. This
approach argue against the basic one.

Second-line therapies are effective. Classical
doublets are active after LV/SFU or capecitabine
ineffectively. After failure of FOLFIRI, FOLFOX
is still active, but irinotecan or FOLFIRI appears
less active after failure of FOLFOX [3]. New
irinotecan-based chemotherapy regimens such as
FOLFIRI3, ground on an effective interaction
between irinotecan given after SFU infusion [49],
should be more active than FOLFIRI in second-
line therapy, but these results have not been dem-
onstrated in randomized trials [50, 51].

Targeted therapies have also improved the
effect of second-line therapy. Bevacizumab com-
bination with FOLFOX4 after failure of SFU/iri-
notecan has increased response rate, PFS, and
overall survival [32]. The survival also is pro-
longed by continuing bevacizumab after progres-
sion on first-line therapy, and this result is
provided in prospective trials [52]. PTK-ZK
combination with FOLFOX after failure of SFU/
irinotecan has shown prolongation of PFS [53].
Cetuximab combination with irinotecan after
failure of SFU/oxaliplatin has demonstrated pro-
longation of PFS compared with chemotherapy
alone even though the outcomes in the subset of
patients who were tested for KRAS were not con-
vincing [54, 55]. The median PFS also were pro-
longed approximately 2 months in FOLFIRI
combination with panitumumab [40]. However,
the dimensions of the PFS benefit remain modest
and uniformly below 3 months, and the OS ben-
efit is shown only in the bevacizumab trial [30].
Crossover in the chemotherapy-alone arms is an
acceptable hypothesis to explain the unconfor-
mity between PFS and OS.

Majority of patients are even able and glad to
accept therapy after two lines of treatment. The
BOND trial in which a significant proportion of
patients were not only intractable to irinotecan-
based chemotherapy but also to oxaliplatin-based
chemotherapy has shown cooperation between
irinotecan and cetuximab. The effect of irinote-
can plus cetuximab overmatches the effect of
monoclonal antibody only [37]. Since it was
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shown that anti-EGFR monoclonal antibodies,
cetuximab and panitumumab, were also active
alone in third-line versus best supportive care,
results magnified in the patients with wild-type
KRAS [36, 38]. It is remarkable that bevaci-
zumab is not active in third-line therapy [33].

When to use cetuximab or panitumumab
would be a significant practical question for the
most part of patients who have nonresectable
neoplasms, even in case of tumor shrinkage. As
the only active third-line therapies lie on anti-
EGFR monoclonal antibodies, there is no third-
line therapy for patients with mutated KRAS
tumor, and their administration in first- or second-
line therapy in patients with wild-type KRAS
tumor has the immediate consequence to pre-
clude patients of receiving a third-line therapy.
Without the exact data and prospective trial can
clarify this unintelligible question. However,
there is a nonquestionable survival advantage in
third-line therapy. There is also a lack of survival
advantage in second-line therapy in the EPIC
trial where 50 % of the control patients adminis-
tered cetuximab in third-line therapy. There is no
survival benefit in first-line therapy in the COIN
trial and in the preliminary results of the PRIME
trial [27, 39]. The CRYSTAL trial has reported
the only significant improvement in overall sur-
vival (3.5 months) in a first-line trial.

However, the significant results came from a
retrospective analysis of a subset of the patients,
and the proportion of patients who have accepted
the therapy of cetuximab after the first-line in the
experimental group has not been covered.
According to these data, introduction of the sys-
tematic use of anti-EGFR antibody in first-line
therapy in patients with unresectable metastases
is not enough.

Conclusion

Chemotherapy in metastatic colorectal can-
cer therapy is not restricted to the most
active regimen. It is a portion of a global
strategy based on biomarkers, comorbidi-
ties, sites of the disease, and previous adju-
vant therapy. Furthermore, it should include
several lines of therapy and more recently
salvage surgery and chemotherapy-free
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antigen, LDH lactate dehydrogenase, PS performance sta-

intervals. The aim is to achieve a 30-month 3.

median overall survival. An algorithm,
Fig. 16.3, taking into account all these

parameters, is proposed. 4
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Jun Zhou and Lin Shen

17.1 Introduction

The liver metastasis is the main death cause of
the colorectal cancer. About 20 % of patients at
first diagnosis have liver metastasis; besides, in
the follow-up after colorectal cancer operation,
there will be 20-45% of patients with liver
metastasis. This means that at least half of
patients with colorectal cancer will have liver
metastasis during the development of the colorec-
tal cancer.

Surgical removal is the only radical means to
completely treat the colorectal cancer liver
metastasis. However, in patients who are first dis-
covered with colorectal liver metastasis, only
20 % can accept liver surgery whose aim is com-
pletely treatment. There are some patients who
belong to potential liver metastasis cutoff group.
These patients can be carried on with the preop-
erative rational treatment to possibly achieve the
removal purpose. Of course, there are some
patients that had already lost the opportunity of
radical resection surgery when founded, but if the
drugs or other means can achieve apparent
effects, then there is still 7-14 % who can transfer
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to liver metastasis which can be carried on with
radical resection surgery.

For the patients with inoperable liver metasta-
sis, the median survival is less than 20 months;
the 5-year survival rate is less than 5%. In con-
trast, according to current literature reports, the
5-year survival rate of the patients with resect-
able colorectal cancer liver metastases is up to
20-58%. And, for the initial unresectable
patients, if the adoption of new adjuvant therapy
can achieve the resectable aim, then the 5-year
survival rate of these patients can be close to that
of the initial survival of resectable patients with
the same level.

Therefore, the opportunity to access to cura-
tive liver resection is the most influential factor
whether the patients with liver metastasis of
colorectal cancer can be long-term survival. This
aim has not only become a main problem in the
comprehensive treatment of liver metastases of
colorectal cancer but also is one of the major pur-
suing goals of neoadjuvant chemotherapy or tar-
geted therapy.

17.2 The Neoadjuvant
Chemotherapy of Colorectal
Cancer Liver Metastasis

The meaning of neoadjuvant chemotherapy is

that for colorectal cancer liver metastases which
can be removed, we can reduce the metastatic
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tumor burden and liver damage, prevent recur-
rence, and prolong the disease-free survival term.
The initial state of inoperable colorectal cancer
liver metastasis and the drug treatment before
surgery can make some patients access the oppor-
tunity of surgery treatment and obtain long-term
disease-free survival. Recent studies indicate that
the higher the chemotherapy remission rate in
patients with colorectal liver metastases, the
higher the cut rate. In 2005, Folprecht et al. pub-
lished an important review in Annals of Oncology.
In the paper, the researchers conclude many
period II/III clinical studies on the new adjuvant
treatment of unresectable liver metastases. The
results show that the remission rate and the cutoff
rate of the unresectable liver metastasis of
patients are significantly positively correlated
(r=0.96, P=0.002). Not only that, the study also
shows that even for patients with liver metastases
without the initial choice, the remission rate and
the cut off rate are also clearly related (r=0.74,
P<0.001).

Therefore, a reasonable choice of neoadjuvant
chemotherapy and the achievement of the che-
motherapy remission rate as far as possible in a
short time have become important therapeutic
targets of the potentially resectable or unresect-
able liver metastasis of colorectal cancer.
Combination of three drugs in the program,
FOLFOXIRI program (5-FU + oxaliplatin + iri-
notecan), has higher performance and higher
operation resection rate in the treatment of
colorectal liver metastasis than those of two-drug
combination rate but higher side effects, so that
people have some worries about their clinical
application. So what kind of programs can fur-
ther improve the remission rate on the base of the
existing chemotherapy?

In recent years, targeted drugs are generally
the epidermal growth factor receptor (EGFR)
monoclonal antibody and vascular endothelial
growth factor monoclonal antibody and chemo-
therapy, which are used in advanced colorectal
cancer and significantly improve the patient’s
chemotherapy benefit. At the same time, because
the adverse effects of EGFR monoclonal anti-
body are particular mild, this accordingly makes
the drugs in combination of two targeted che-
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motherapy drugs becomes a new direction in
new adjuvant treatment of colorectal cancer
liver metastases.

17.3 Epidermal Growth Factor
Receptor (EGFR) Monoclonal
Antibody

Currently, the recommended EGFR monoclonal
antibodies for advanced colorectal cancer include
cetuximab and Jesper monoclonal antibodies. A
large number of clinical studies approve that only
the KRAS wild-type tumor tissue patient can
benefit from the EGFR monoclonal antibody
treatment. Currently, it is only recommended for
this type of patients. Among all kinds of treat-
ments, the efficiency of combination of the anti-
body with the chemotherapy is 10 % higher than
that of the chemotherapy alone. Especially the
efficiency of the first-line treatment with the che-
motherapy can reach 65 % and efficacy in patients
with liver metastasis is up to 77 %. It is reason-
able to expect such a high remission rate in
patients with colorectal cancer can bring high
removal rate.

17.3.1 Cetuximab Monoclonal
Antibody
17.3.1.1 The Study on the Irinotecan
Combination
In 2005, Peeters et al. published a clinical study
result. In forty-two cases of unselected patients
with advanced colorectal cancer who received
FOLFIRI + cetuximab combined chemotherapy,
the effective rate is 45 %, eight of them received
RO resection of liver metastasis after chemother-
apy, and the resection rate is19 % [3].

In 2006, Folprecht et al. published a phase I/I1
clinical study result. In twenty-one unselected
advanced colorectal cancer (liver metastasis or
extrahepatic metastasis) patients who received iri-
notecan weekly programs (AIO) + cetuximab com-
bined chemotherapy, the effective rate was 67 %
(14/21), four of them received RO resection of liver
metastasis, and the resection rate is 24 % [2].
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In 2007, Min et al. published a phase II clini-
cal study result. In twenty-three patients with ini-
tial unresectable liver metastasis of colorectal
cancer who received FOLFIRI + cetuximab com-
bined chemotherapy, the effective rate is 39.1 %
(9/23), seven of them received radical resection
of liver metastasis, and the resection rate is
30.4% [1].

CRYSTAL study is a phase III clinical exper-
iment aiming to the first-line treatment for
advanced colorectal cancer. The results are pub-
lished in the New England Journal of Medicine
in April of 2009. 1217 patients with positive
expression of EGFR who have lost opportuni-
ties for radical surgery were randomly enrolled
into the FOLFIRI + cetuximab combined che-
motherapy group or FOLFIRI chemotherapy-
alone group. The proportion of patients receiving
follow-up surgery after chemotherapy in united
targeted drug group and the chemotherapy
group are 6 % and 2.5 %, respectively. And the
difference between RO resection rate is three
times (4.3% and 1.5%). Further analysis
revealed that among the K-ras wild-type-alone
liver metastasis patients, the efficiency of the
combined targeting drug therapy group can be
up to 77 %, far higher than 50 % of the chemo-
therapy-alone group. And the joint targeting
group’s RO resection rate of liver metastasis is
9.8 %, while the resection rate of the chemother-
apy-alone group is only 4.5% [4]. CRYSTAL
study is a phase III randomized controlled clini-
cal study; from a more advanced level of proven
evidence-based medicine, it is approved that
improvement of the remission rate of tumor can
increase the resection rate; even in the patients
whose initial judge is unresectable, we also
should make each effort to get re-excision oppor-
tunities for patients.

17.3.1.2 The Study in Oxaliplatin
Combination

ACROBAT study is a phase II clinical trial
aiming to first-line treatment for advanced
colorectal cancer. Forty-three cases of
unselected patients have received the FOLFOX
+ cetuximab combined chemotherapy. The
efficiency rate is up to 72%, ten of them
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received radical resection of liver metastasis
after chemotherapy, and the resection rate is up
to 23 % [5].

OPUS study is a phase II randomized open
clinical trial aiming to first-line treatment for
advanced colorectal cancer. Three hundred thirty-
eight cases of unselected patients whose EGFR
expressions were positive were randomized into
the FOLFOX4 + cetuximab group or FOLFOX
chemotherapy-alone group. After treatment,
respectively, there are 4.7 % and 2.4 % patients
who had radical surgery and achieved RO resec-
tion. Because of case number limit, there is no
liver resection rate data of liver metastasis
patients, but the result is very similar to that of
CRYSTAL study, which approves that cetuximab
can improve the RO resection rate in patients with
advanced colorectal cancer.

In addition, OPUS study makes a retrospec-
tive analysis on the tumor’s K-ras gene status.
For K-ras wild-type patients, comparing the com-
bination treatment group with chemotherapy-
alone group, at the same time that the efficient
rate (61% vs. 37% P=0.011) increases, RO
resection rate also increases (9.8 % vs. 4.1 %).

Because the chemotherapy + EGFR antibody
therapy has up to 60% of remission rate for the
wild-type K-ras gene patients, the results of the
OPUS study suggest the K-ras wild-type patients
with liver metastasis may obtain higher resection
rate from the united targeted drug therapy. CELIM
study is aiming to evaluate the healing effect of the
cetuximab combined with FOLFOX (53 cases)/
FOLFIRI (53 cases) in first-line treatment of unre-
sectable liver metastasis of colorectal cancer, 67
patients with KRAS wild-type have been evalu-
ated, combination therapy group’s tumor efficient
rate (CR/PR) is up to 79 %, and RO resection rate
is 33% (22/67). According to seven surgeons’
judgment with blind method on 180 pieces of CT
or MRI scans at baseline and after 4 months’ treat-
ment of 75 patients (68 %), the resectability rate of
liver metastasis has increased to 60.3% after
cetuximab combination therapy comparing with
32 % before the treatment, the net effect increases
28 %, efficiency is improved by 87.5% (P<0.01),
and the doctors have high degree of consistency in
determination of the surgical resectability [11].
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This test showed that cetuximab combined
with FOLFOX/FOLFIRI can significantly
improve the liver metastasis resection rate, which
would place the treatment of colorectal liver
metastasis a particularly significant impact,
mainly using the high performance of cetuximab
combination chemotherapy in wild-type KRAS
gene patients, screening the patients who can ben-
efit in the targeted drug therapy.

17.3.1.3 Cetuximab Being Used

After Second-Line Treatment

for Patients with Liver

Metastasis
Adam et al. have report a multi-center clinical
study. 151 cases of first-line treatment failure
patients with colorectal liver metastasis have
received cetuximab chemotherapy, averagely for
six periods. Twenty-seven patients received liver
surgeries, 13 patients received RO liver resection,
and finally 12 cases received R1 Resection. One
patient died in 60 days after surgery; the
procedure-related mortality rate is 3.7 %. Sixteen
patients were followed up each month, all sur-
vived, including ten cases of disease-free survival
[6]. This also shows that even in patients who
failed first-line chemotherapy, the opportunities
through joint targeted drug treatment should not
be given up.

17.3.2 Panitumumab

Panitumumab combined with chemotherapy in
patients with advanced colorectal cancer is similar
to cetuximab, also only fits for K-ras wild-type
patients. In 2009 at ESMO meeting, the PRIME
study results of panitumumab combined with
FOLFOX4 for first-line treatment studies are
reported. The study enrolled a total of 1,183
patients with a median age of 62 years old. The
results showed that in patients with K-ras wild
type (60%), the combination group and the
chemotherapy-alone group’s median progression-
free survival periods were 9.6 months and
8.0 months (P=0.0234); treatment-effective rates
were 55 % and 48 %. In K-ras mutant-type patients,
PFES were 7.3 months and 8.8 months (P=0.0227),
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respectively. Incidence rates of adverse events are
similar in the two groups. However, there is no
data of effective rate among patients with liver
metastasis and resection rate in the PRIME study.

There is a PLANET phase II clinical study in
progress which is similar to CELIM study aiming
to panitumumab. The study plans to enroll 80
patients with unresectable colorectal liver metasta-
sis who are randomized into panitumumab +
FOLFOX4 treatment and panitumumab + FOLFIRI
treatment. The main objective is response rate;
the secondary objective includes the resection
rate. It has not been reported if the results are
similar to CELIM study.

17.4 Vascular Endothelial
Growth Factor Antibody:
Bevacizumab

Brigit et al. in 2008 published a single-center,
non-randomized phase II clinical study result
aiming at potential curable colorectal cancer liver
metastasis patients. Fifty-six cases of first-line
treatment patients all received Xeloda + oxalipla-
tin + bevacizumab joint program preoperatively
and postoperatively for 12 weeks, and within
5 weeks before and after surgery bevacizumab
cannot be used. Effective rate is 73 % (41/56);
three patients enter into the second-line treatment
during neoadjuvant chemotherapy progress, one
patient has extrahepatic metastasis, and the
remaining 52 patients underwent liver resection,
while 11 cases carry on primary tumor resection
at the same time. There was no significant blood
loss and postoperative poor wound healing, there
is no surgical complication in 42 patients, and
only 1 patient required reoperation [7].

First BEAT is a phase IV, open clinical study.
The purpose is to evaluate the safety and effec-
tiveness of the surgery after first-line bevaci-
zumab combined with chemotherapy in patients
with metastatic colorectal cancer under the state
without choice. The chemotherapy programs
included FOLFOX, FOLFIRI, XELOX, and
5-FU/capecitabine monotherapy. 1914 cases of
unselected patients with untreated advanced
colorectal were enrolled into the group and can be



17 Targeted Therapy of Colorectal Cancer Liver Metastasis

evaluated; 215 patients (11.2 %) received surgery
with curative intent, 79 % of which achieved RO
resection. The postoperative mortality within
60 days is 2.5 %; 3° or more adverse events were
bleeding (3.2%), gastrointestinal perforation
(1.8 %), arterial thrombosis (1.3 %), hypertension
(5.1 %), proteinuria (1.0 %), and wound complica-
tions (1.0%). It is noteworthy that there are two
points: first is that among 704 cases of patients
with liver metastasis alone, 102 cases (14.5 %)
received radical surgery and 81 patients (81.4 %)
received RO resection [8, 9]. Second is that 82 %
patients with RO resection survive more than
2 years, far higher than 40 % of ITT population.

XELOX 1/NO16966 is a phase III open study
(two treatment groups); initially it was to assess
the safety and effectiveness of the FOLFOX4
program and XELOX program as first-line treat-
ment of metastatic colorectal cancer. Improvement
was made in this pilot program; bevacizumab
was used. And the trial becomes a randomized,
2x2 partly blinded, placebo-controlled trial.
Although the purpose of this study does not aim
to evaluate the treatment of patients with liver
metastasis, in ASCO of 2008, Cassidy et al. sum-
marized in the study that in liver metastasis
patients and bevacizumab-alone group, RO resec-
tion rate was 12.3 %, and it is 11.5 % in the che-
motherapy group. The two groups were not
significantly different; both groups of patients’
bleeding and wound complications were also not
significantly different [10]. Therefore, there must
be further clinical studies in bevacizumab for
colorectal surgery for improving the rate of radi-
cal resection.

17.5 Small Molecular Targeted
Drugs

In 2004 Fisher et al. issued a phase II clinical
study; in the study, 27 patients with advanced
colorectal cancer received first-line gefitinib
combined regimen FOLFOX4 program; effi-
ciency rate reaches 78 % (21/27), of which nine
patients received curative liver resection, among
which five patients are initially unresectable.
Nevertheless, as from 2006 to 2008, there were a
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number of clinical studies issued that small
molecular targeted drugs, including erlotinib and
gefitinib, do no good in advanced colorectal can-
cer; therefore, application of small molecule
drugs targeted in the treatment of colorectal can-
cer is clearly not the focus of the study. There are
still studies in progress on imatinib combined
with panitumumab chemotherapy.

17.6 Three-Drug Chemotherapy
Combined with Targeted
Drugs

For a long time, the standard chemotherapy pro-
gram of advanced colorectal cancer is FOLFOX
and FOLFIRI representing two-drug combina-
tion program. Therefore, in the attempts to
improve chemotherapy remission rates, oxalipla-
tin, irinotecan, and fluorouracil/leucovorin are
combined to form a three-drug program which is
a necessary research direction to consider. In
2006 ASCO-GI reported a phase III clinical
study, which shows that, comparing FOLFOXIRI
with FOLFIRI, the remission rate significantly
increased (66 % vs. 41 %); RO resection rate was
also significantly increased (15% vs. 6 %). The
incidence rate of three-drug group’s 3—4° adverse
effects including diarrhea, vomiting, and neuro-
logical toxicity has increased, and neutropenia
decreases by 50 %. But the authors conclude that
the increase of adverse effects is acceptable.

Although thinking of the oxaliplatin’s sinusoi-
dal damage and steatosis caused by irinotecan,
clinicians still have concerns about the use of
three-drug joint programs, but the phase III clini-
cal results also suggest that the three-drug che-
motherapy combined with targeted drugs is not
completely impossible to explore.

In ASCO of 2009, Folprecht et al. published a
phase I clinical study which studies the applica-
tion of cetuximab combined FOLFOXIRI pro-
gram in first-line treatment of a good general
condition (ECOG 0-1) advanced colorectal
carcinoma. One of the aims of the study is to
explore that, if the general condition of the liver
metastasis colorectal cancer patients is good, it is
feasible of three-drug combination combined tar-



230

geted drugs. In research programs, FOLFOX pro-
gram is fixed, but irinotecan dose increases
(cetuximab 500 mg/m?, 2 h, OXA 85 mg/m?, 2 h,
FA 400 mg/m?, 2 h, 5-FU 3,200 mg/m?, 46 h;
CPT-11 95,125, 165 mg/m?, 1 h, g2w). The results
showed that the remission rate in all patients is
75 %. Recommended dose group was 125 mg/m>.

Subsequently, in this year’s ESMO, C. Garufi
et al. published the preliminary results of
POCHER study. The main objective of the study
is the resection rate of the patients with liver
metastases. Forty-three cases of patients with
unresectable liver metastases were selected, not
considering K-ras status. The retrospective study
showed that 75% of patients are wild type.
Apply Cmab + CPT-11-FFL (CPT-11/5-FU/
FA/L-OHP, Falcone 2007) chemotherapy. The
results are that the effective rate is 79 % (34/43
cases); there are already 58 % (25 cases) patients
who had radical resection, and two cases are
ready for resection. Average preoperative che-
motherapy is five periods (10 weeks), and aver-
age postoperative chemotherapy is six periods.
The median progression-free survival is
13 months; 2-year survival rate is 63 %. Main
adverse reactions are diarrhea (G3/4 80 %, after
dose adjusting 36 %) and abdominal pain but
will not delay surgery.

These studies showed that for patients in gen-
eral good condition and with good tolerability of
chemotherapy, a reasonable choice of dose inten-
sity of three-drug chemotherapy combined with
targeted drugs is possible to further improve the
remission rate and resection rate. Of course, this
requires further clinical study of a large sample
size.

17.7 Perioperative Treatment
of Patients with Initially

Resectable Liver Metastases

The above studies aim to the patients with initial
unresectable or unselected metastatic colorectal
cancer. And the study mainly focuses on improve-
ment of the resection rate of new adjuvant ther-
apy. So, for patients with resectable liver metastases,
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relevant research’s aim is mainly whether periop-
erative chemotherapy improves survival.

For the patients with initial resectable liver
metastases of colorectal cancer, EORTC 40983
study has confirmed that perioperative FOLFOX4
chemotherapy improved the 3-year disease-free
survival and does not increase the procedure-
related mortality. And patients who do not benefit
from the operation can be filtered out. However,
there is no study on the effect of targeted drugs
on patients with resectable liver metastases of
new adjuvant therapy. Although there is a lack of
targeted drugs used in adjuvant treatment of liver
metastasis of information, these have yet to be
explored in further clinical studies.

In summary, for the EGFR monoclonal anti-
body, because of its high remission rate on the
wild-type K-ras patients, for such patients with
liver metastases, chemotherapy combined with
EGFR monoclonal antibody as a new adjuvant
therapy program can significantly increase the
resectable rate and RO resection rate, which may
become the first choice in the preoperative treat-
ment of this kind of patient. And for preoperative
targeted drug therapy, because the medication is
shorter, but the benefit is larger, from the
aspects of the drugs economics, it is more con-
ducive to China’s status quo. It is believed that
with the future more molecular markers appeared,
EGFR monoclonal antibody’s application popu-
lations may be more specific, and efficacy may
be further improved, which results in higher
removal rate.

For bevacizumab, from the existing clinical
studies, the initial fears are to increase the surgical
complications, but the clinical results of view
show no significant increase, which may be two
reasons, First, in clinical study, the preoperative
discontinuation of bevacizumab occurs 5-6 weeks
before the operation, and, second, the worries on
such issues have led to concerns that they are very
vigilant. However, despite no increase in adverse
reactions, because of the negative phase I1l results,
its curative effect, especially for patients with
colorectal cancer liver metastases in the preopera-
tive treatment, remains to be confirmed by further
clinical studies.
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Jianhua Wang and Yi Chen

18.1 Arterial Infusion
Chemotherapy and Arterial

Embolism

The transcatheter arterial infusion (TAI) and
transcatheter arterial embolization (TAE) have
good effects on a variety of solid tumors. In the
treatment of liver cancer, they are more effective,
especially. Currently, TAI and TAE not only are
main methods in the treatment of unresectable
colorectal cancer liver metastases but also play
important roles in the adjuvant treatment and new
adjuvant therapy of colorectal cancer liver metas-
tases [1-4].

18.1.1 Theoretical Basis

(1) In the treatment of TAI, the local chemothera-
peutic drug concentration is significantly increased
comparing with intravenous chemotherapy, and the
cancer treatment effect is also significantly
increased. The total amount of drug entering into
the systemic circulation is decreased, so the side
effects are reduced comparing with intravenous
chemotherapy. The previous studies show that when
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floxuridine (FUDR) was perfused via hepatic artery,
the liver uptake rate was up to 95 %, and the drug
concentration in the liver tumor was 16 times that of
the intravenous infusion. (2) Ninety-five percent of
the blood supply of the colorectal cancer liver
metastases whose diameter is greater than 3 mm is
from hepatic artery. However, about 75% of the
blood supply of the normal liver tissue is from the
portal vein. TAI and TAE can effectively kill tumor
cells and protect the normal liver cells. (3) TAE can
block the arteries feeding the tumor, make the tumor
hypoxia-ischemia and necrosis, and increase its
sensitivity to chemotherapeutic drugs. In previous
opinions, the liver metastatic tumors had poor blood
supply, only suitable for the treatment of TAI. Since
the development of digital subtraction angiography
(DSA), we find that the gastrointestinal source
tumors, especially colorectal cancer liver metasta-
ses, are more likely to be moderate or even to have
rich blood supply in a small amount. Thus, TAE is
very important in the treatment of these metastases
(Fig. 18.1). (4) Some kind of the embolic materials
can carry chemotherapeutic drugs, which would
slowly release to kill the tumor continuously. This
method is also known as transcatheter arterial che-
moembolization (TACE).
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Fig. 18.1 Affluent blood supply of colorectal cancer
liver metastases. (a) Female, 52-year-old patients with
liver metastasis of colon cancer; enhanced arterial lesions
advanced the top right lobe diaphragm. (b) Hepatic artery

18.1.2 Indications
and Contraindications

18.1.2.1 Indications

e Unresectable  colorectal  cancer  liver
metastases

e Neoadjuvant chemotherapy before surgical
procedures for colorectal cancer liver
metastases

e Prevention of colorectal cancer recurrence
after liver metastasis surgery
* Rupture of colorectal cancer liver metastases

18.1.2.2 Contraindications
* Contraindications for vascular imaging.
e Tumor/liver ratio is greater than 75 %.

angiography showed the lesion with affluent blood supply.
(¢) Lipiodol chemoembolization epirubicin emulsion; the
lipiodol deposited well. (d) Postoperative CT scan shows
lipiodol deposition

e Liver and kidney dysfunction.

e Severe bone marrow suppression.
e Uncorrected coagulopathy.

¢ Uncontrolled severe infection.

e Intracranial metastasis.

¢ Terminal-stage patient.

18.1.3 Preoperative Preparation

18.1.3.1 Preoperative Check

During 3 days before intervention surgery, exam-
inations should be taken including blood/urine/
stool routine test, liver and kidney function test,
coagulation function, electrolyte test, and tumor
markers (CEA). Liver MRI or CT scanning
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should be carried on within 2 weeks before sur-
gery. If being accompanied with other distant
metastasis, the appropriate imaging should also
be carried on.

18.1.3.2 Patient Preparation

Inform patients and their families of the surgery
process, postoperative reaction, and possible
complications. Let the patients sign the consent
and fast 4 h before surgery. Administer 10 mg
intramuscular injection of diazepam 30 min
before surgery. Prepare the skin puncture site.

18.1.3.3 Drug Preparation
e Conventional drugs
Conventional drugs include local anesthetics
(such as 1% lidocaine), heparin, saline, non-
ionic contrast agent, and so on.
e Emergency drugs
Operating rooms for interventional procedure
should be equipped with emergency rescue
drugs such as epinephrine, atropine, niketh-
amide, dopamine, hydrocortisone, dexameth-
asone, nitroglycerin, cedilanid, and so on.
e Chemotherapeutics
Drugs in TAI treatment are commonly used as
floxuridine (FUDR)/fluorouracil (5-FU), cis-
platin/carboplatin/oxaliplatin, irinotecan, epi-
rubicin (EADM)/pirarubicin (THP),
mitomycin C (MMC), and so on. Usually two
to three kinds of drugs are combined to carry
on perfusion. For hypervascular lesions, part
of the drugs and lipiodol are mixed into emul-
sion to carry on transcatheter arterial chemo-
embolization (TACE).
e Embolics
— Lipiodol: Peripheral embolic agent having
a special affinity with tumor. The tumor tis-
sue cannot easily remove it. It is a com-
monly used embolization agent for the
hypervascular tumor. In general, the mech-
anism of lipiodol “orientation” thrombosis
is that the tumor tissues are rich of new ves-
sels, with great blood flow, and the lipiodol
can flow to tumors due to the syphonage.
The tumor vessel is distorted and irregular,
lacking muscular and elastic layers and
neural regulation. So the blood flow out is
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slow, which cannot effectively flush the
attached lipiodol. Also, the tumor tissue
lacks reticuloendothelial system which can
remove the lipiodol. The lipiodol and che-
motherapeutic agents are often mixed into
emulsion to carry on embolization chemo-
therapy, which can not only make the tumor
ischemia and hypoxia but also slowly
release the chemotherapy drugs to kill the
tumor continuously.

— Gelatin sponge: Safe, nontoxic, low cost,
and most commonly used as embolic agent
in TAE. It can be cut into different sizes of
strips or granulars according to the need
and adds the contrast agent to carry on
injections. When used in the embolization
of part of vascular cavity, it can be absorbed
completely within 7-12 days. Then the
blood vessel will reopen. The complete
embolization can lead to permanent embo-
lism, which is commonly used in the reduc-
tion of tumor blood supply or tumor
hemorrhage.

— Other embolics: stainless steel rings, beads,
glue, and Baiji, which are less used.

18.1.3.4 Equipment Preparation

18G needle, 4F or 5F vascular sheath, 0.035 or
0.038 smooth guide wire, 4F or SF varieties of
preforming catheter, such as the celiac artery,
hepatic artery, and left gastric artery catheters,
the 3F microcatheter, etc. (cobra, RH, RLG,
Simmons I, Simmons II, multipurpose, etc.).

18.1.4 Treatment Method

The Seldinger method is used to puncture the
femoral artery and place the intravascular sheath.
Usually RH catheter is selected to selectively
enter into the hepatic artery for angiography,
which can make sure the metastatic lesion’s num-
ber, size, location, blood supply, arteriovenous
fistula, and so on. If there is hepatic artery varia-
tion or other arteries (superior mesenteric artery,
left gastric artery, inferior phrenic artery) taking
part in the liver blood supply, the corresponding
catheter should be chosen to selectively enter into
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these arteries to carry on angiography. The cath-
eter tip is placed in the hepatic artery and dilutes
the chemotherapy drug to carry on perfusion.
There are two drug administration methods:
once-shock perfusion and continuous perfusion.
The former fits for the nonspecific cell period
chemotherapy drug administration. After perfu-
sion, the catheter and vascular sheath are
removed; the operation is relatively convenient.
The latter fits for specific cell period chemother-
apy drug administration, which needs indwelling
catheters and vascular sheath. The patients had to
stay in bed for several days, which will increase
the incidence of thrombosis and other complica-
tions. For the metastases of rich blood supply,
some of the chemotherapy drugs and lipiodol are
mixed into the emulsion to carry on emboliza-
tion. If you can carry on superselective catheter-
ization, make the catheter tip as close as possible
to lesions to reduce the damage to normal liver
tissue. It should be noted before embolization to
avoid the right gastric artery, cystic artery, and
other feeding arteries of the hollow organs to pre-
vent ectopic embolism. The whole embolization
process should be completed under the fluoro-
scopic monitoring, which can not only observe
the deposition of lipiodol in the lesion but also
detect lipiodol reflux in time. After using the lipi-
odol emulsion to carry on chemotherapy emboli-
zation, if the blood flow of the lesion’s blood
supply artery is still fast, use thin strips or parti-
cles of gelatin sponge to enhance the emboliza-
tion according to the circumstances to further
reduce the tumor blood supply. Use the cases of
the lipiodol emulsion chemotherapy emboliza-
tion; the liver area plain film is shot to record lipi-
odol deposition.

18.1.5 Postoperative Management

e The patient is supine, with the puncture side
limb braking for at least 6 h to observe bleed-
ing and hematoma formation at the puncture
site, dorsalis pedis arterial pulse, body skin
color, temperature, feeling, and so on.

e Monitor the vital signs; ECG monitoring is
used for high-risk patients.
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e In 3-5 days after liver surgery, carry on liver
protection, acid suppression, antiemetics,
antibiotics, and symptomatic and supportive
treatments.

e The embolism syndrome is a common reac-
tion after TAE, including a series of clinical
syndromes such as nausea, vomiting, upper
abdominal pain, gastrointestinal motility
decrease, and liver dysfunction, mostly tran-
sient. The fever is often led by the metabolites
of tumor necrosis affecting body temperature
regulation center and can last for several days
to several weeks. The nonsteroidal anti-
inflammatory drugs can be used to carry on
symptomatic treatment. Abdominal pain is
often caused by visceral ischemia after embo-
lization, the tumor near the liver capsule and
other factors. The treatment objectives of
modern medicine for cancer pain or pain asso-
ciated with cancer are to sustainably and
effectively eliminate the pain and maximally
improve the patient’s life quality. Therefore,
we should correctly grasp the principle of
three-step analgesic to relieve pain in patients
in a timely manner. But during the treatment
process, we should pay attention to identify
the acute abdominal pain. Gastrointestinal
motility decrease should be properly adminis-
trated with gastrointestinal motility drugs.
Encourage patients to get out of bed and carry
on eating.

e In 3-5 days after the surgery, review the liver
and kidney function and blood routine to
decide whether to continue to carry on liver
protection and support and symptomatic treat-
ment. In 6-8 weeks, carry on follow-up with
CT/MRI and CEA to observe the healing
effects.

18.1.6 Healing Effect

18.1.6.1 Unresectable Colorectal
Cancer Liver Metastases
Similar to the history of intravenous chemother-
apy for colorectal cancer liver metastasis, 5-FU/
FUDR + LV is the most widely and deeply stud-
ied drug in the arterial treatment. Since the 1980s,
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many institutions have carried on a large number
of random control studies on 5-FU/FUDR + LV
through arterial and intravenous administration.
Some scholars [5, 6] summarized seven groups of
the classic studies. The results showed that the
effective rates of arterial and intravenous admin-
istrations were 41 and 14 %, with a significant
difference, but the survival terms of the two had
no significant difference. They thought the rea-
son that the survival terms of the two were simi-
lar was that some patients in the intravenous
administration group crossed over to the arterial
treatment group after lesion progress, while some
patients in the arterial administration group
crossed over to the intravenous administration
group due to port catheter system (PCS) implan-
tation failure or complications or other factors.
The arterial administration group’s extrahepatic
metastasis lesion has not been well controlled.
Kemeny et al. [7] randomly divided 135 patients
with colorectal cancer liver metastasis into two
groups, arterially and intravenously administered
with FUDR and LV. The effective rate of the arte-
rial administration group was 47 %, significantly
higher than 24 % of the intravenous group
(P=0.012). The former’s median survival term
(P=0.0034) and median progress time (P=0.034)
were significantly longer than the latter.

In the 1990s, the appearance of oxaliplatin and
irinotecan makes the colorectal cancer chemo-
therapy embark on a new level and makes the
effective rate of the colorectal cancer liver metas-
tasis remarkably increased, and the survival term
is significantly prolonged. Many scholars studied
the two drugs’ arterial administration. Dzodica
et al. [8] studied the arterial and intravenous
administration of oxaliplatin in VX2 rabbit model.
The peripheral peak concentration of arterial
administration was significantly lower than that of
intravenous administration, which indicated that
the arterial administration had a relatively higher
therapeutic index. Irinotecan is a kind of prodrug,
which must be catalyzed into active product
7-ethyl-10-hydroxycamptothecin (SN-38) by the
carboxylesterase in the human body to play a
pharmacological effect. Because the liver carbo-
xylesterase concentration was higher than that in
other organs, the conversion rate of SN-38 by the
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hepatic artery administration was significantly
higher than that by intravenous administration
(P=0.015) so that the former’s hepatic SN-38
concentration was higher than that of the latter
[9]. Irinotecan, oxaliplatin, and FUDR all have
good effects on the colorectal cancer liver metas-
tases, and the action mechanisms and dose-limit-
ing toxicities of three chemotherapy drugs are
different, which makes the combination of three
drugs have theoretical basis. Currently, a number
of in vitro drug sensitivity tests have confirmed
that these three drugs have synergistic effect
between each other, for example, oxaliplatin and
irinotecan active metabolite SN-38 could syner-
gistically inhibit human HT29 colon cancer cell
lines. Oxaliplatin and fluorouracil could synergis-
tically inhibit human LoVo colon cancer cell
lines. SN-38 and 5-FU could synergistically
inhibit varieties of human colon cancer cell lines.
Falcone et al. [10] reported the random control
study results of irinotecan, oxaliplatin, and
FUDR’s FOLFOXIRI program and FOLFOX
program, which approved that the effective rate of
FOLFOXIRI group was significantly higher than
that of the latter. The median survival term and
median progress time were significantly longer
than the latter. Therefore, FOLFOXIRI program
becomes a hot spot in colorectal cancer chemo-
therapy study. Intervention Division, Zhongshan
Hospital, used irinotecan, oxaliplatin, and FUDR
as first-line or second-line program to treat 32
patients through arterial perfusion with unresect-
able colorectal cancer liver metastases. The total
efficiency rate was 46.9 %, median survival term
was 17.7 months, and it achieved good results
(Fig. 18.2).

18.1.6.2 The Adjuvant Treatment
of Colorectal Cancer Liver
Metastases
After resection of liver lesions, implementation
of TAI can not only control the small undiscov-
ered intrahepatic metastasis lesions but also pre-
vent intrahepatic recurrence. Kermeny et al. [11]
carried on a control study between the patients
who received arterial perfusion chemotherapy
after the operation of colorectal cancer liver
metastases and the patients who do not receive
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Fig. 18.2 Irinotecan, oxaliplatin, and FUDR combined
arterial treatment for colorectal cancer liver metastases.
(a) Female, 74-year-old patients with liver metastasis of

the treatment. The 4-year intrahepatic recurrence
free rates were 67 % and 43 %, respectively, with
a significant difference. In another study, 156
patients who received the colorectal cancer liver
metastasis resection were randomly divided into
two groups [12]: one was given arterial adminis-
tration of FUDR and intravenous administration
of 5-FU and LV; the other was given intravenous
administration of 5-FU And LV. Both treatment
periods were six cycles. The 2-year survival rates
of intravenous administration group and the
artery and vein combined administration group
were 72 and 86% (P=0.03). The two groups’
median survival term was 62.7 and 72.2 months.
The death risk of the intravenous administration
group was 2.34 times of the artery and vein com-
bined administration group.

colon cancer. (b) Adopt irinotecan, oxaliplatin,, and
FUDR programs; carry on TAI and TAE. (¢) After two
treatments, the lesion was significantly reduced to PR

18.1.6.3 The Neoadjuvant Treatment

of Colorectal Cancer Liver

Metastases
The advantages of arterial neoadjuvant treat-
ment are as follows: (1) control and reduce
intrahepatic metastasis lesions, decrease tumor
stage, make the unresectable tumor resectable,
improve the curative resection rate, and reduce
the relapse rate; (2) control preoperatively exist-
ing small lesions and reduce the postoperative
recurrence; (3) prevent postoperative changes in
tumor blood supply and influence the effects of
chemotherapy; (4) prevent the tumor prolifera-
tion stimulation induced by the primary tumors
and control the iatrogenic transfer; (5) as a
chemotherapy-sensitive test, rationally select
the sensitive drug and help to determine
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prognosis; and (6) screen the patients who can-
not receive the surgical treatment.

There are a lot of reports about radical resec-
tion of inoperable colorectal cancer after receiv-
ing intravenous chemotherapy [13], but there is
still less experience in the arterial neoadjuvant
therapy of the colorectal cancer liver metastases.
Zelek et al. [14] treated 31 patients with unresect-
able liver metastases of colorectal cancer, among
which 11 patients received the radical resection
through the method of intravenous administra-
tion of irinotecan and 5-FU, combining with
artery epirubicin.

18.1.7 Complications

18.1.7.1 Puncture-
and Catheterization-
Related Complications

* Puncture site hematoma and pseudoaneurysm
formation
Poor blood coagulation and improper hemo-
stasis can cause puncture site bleeding, hema-
toma, or even formation of pseudoaneurysm.
After the formation of hematoma, it should be
noted whether there is expansion of the scope
of hematoma or local swelling throb. If there
is progressive expansion of the hematoma, it
is needed to carry on repressure dressing and
use hemostatic. In early hematoma formation
period, we can puncture with a big syringe
needle into the thick hematoma to carry on the
aspiration to relieve the congestion as much as
possible. If there is local swelling throb near
the puncture site, the color Doppler imaging
should be carried on to make clear whether
there is pseudoaneurysm formation. If pseu-
doaneurysm is found, mark the position of the
orificium fistulae by the color Doppler imag-
ing and carry on pressure dressing. If these
measures are ineffective, according to the situ-
ation, inject the prothrombin complex under
the guidance of the ultrasound or carry on sur-
gical intervention.

e Arterial dissection
This is caused by entering into the arterial
intima through the guide wire or catheter and

lifting the intima. It is common in the cases
with the basis of atherosclerosis or tortuous
blood vessels. The symptom is that the blood
flow cannot reach the remote artery, and local
contrast agent takes on stasis strip. Try to use
soft head leaned over the guide wire sand-
wich. But in most cases the intervention oper-
ation must be terminated.

Arterial spasm

It is related with the stimulation of the cathe-
ter, guide wire, and chemotherapy drugs on
the arterial wall. It often occurs in cases with
fine and tortuous-shaped arteries. Minor sei-
zures generally do not affect further opera-
tions. More severe spasm makes the artery
canal narrower, apparently decreasing the
blood flowing into the spastic distal segment,
which will affect the follow-up treatment. In
the operation, gently operate the guide wire
and catheter and slowly perfuse the chemo-
therapy drugs. The micro-catheters are used
for patients with arterial spasm to avoid the
incidence of this complication. In case of
spasm, immediately stop the guide wire and
catheter manipulation and slowly inject with
2 % lidocaine. If it’s void, we can dilute 30 mg
papaverine with 10 ml normal saline to inject
slowly. If all above treatment methods are
ineffective to severe spasm, the operation
should be terminated.

Arterial injury or perforation

If the guide wire operation injures the arterial
wall or the contrast agent rate is too large, it
will lead to the arterial wall perforation, which
shows as contrast agent extravasation. The
minor injury can be treated with local and sys-
temic hemostatic agents. Serious injury and
perforation require gelatin sponge, stainless
steel embolization, or even surgical repair.
Vagal reflex

This may be related with the guide wire and
catheter’s stimulation of the receptors on
artery walls. The heart rate and blood pressure
decrease at the same time. In severe cases, 1oss
of consciousness occurs. Intravenous injection
of atropine must be carried on immediately. If
necessary, repeat the injection. And at the
same time, give other treatments accordingly.
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e Bend or rupture of the guide wire and
catheter
This may be related with vascular distortion,
unskilled surgeon operation, operation not
under the fluoroscopic monitoring, or other
factors. The guide wire bend can be taken out
carefully through the catheter under the fluo-
roscopic monitoring. The catheter bend seg-
ment should be withdrawn within the blood
vessels with wider diameter (such as abdomi-
nal aorta). After probing with the guide wire
soft head, take it out under the fluoroscopic
monitoring. Guide wire and catheter’s rupture
should be firstly disposed with the capture
device. If not successful, the surgery is needed.

18.1.7.2 Drug-Related Complications
During arterial perfusion chemotherapy and che-
moembolization, the liver and gastrointestinal
blood concentrations are significantly higher than
peripheral blood drug concentrations. So the liver
and upper gastrointestinal local adverse reactions
are obvious. The incidence rates of the bone mar-
row suppression, alopecia, diarrhea, and other
systemic adverse reactions are lower than those
in the intravenous chemotherapy. In addition to
chemotherapy drug adverse reactions, the com-
mon complications are as follows:

e Liver failure
Poor liver function reservation and portal vein
involvement are high-risk factors for postop-
erative liver failure. This complication can be
prevented by a comprehensive assessment of
preoperative liver function of patients, atten-
tion for intraoperative superselective catheter-
ization, and reduction in the high-risk cases.

* Renal failure
Renal failure is not only related with renal
toxicity of chemotherapy drugs but also
related with the metabolite injury and renal
tubular blockage caused by the necrosis of a
large number of tumor cells in short term after
the chemotherapy embolization. Preventive
measures can be taken by avoiding using che-
motherapy drugs with greater renal toxicity as
possible as you can and full hydration and
alkalinization of urine after surgery.

J.Wang and Y. Chen

* Ectopic embolization
Ectopic embolization generally refers to the
liquid embolic agent flowing back into the
cystic artery, right gastric artery, and gastro-
duodenal artery during TAE, causing damage
or perforation of the gallbladder or stomach.
During the surgery, the catheter head should
avoid the abovementioned artery, and avoid-
ance of regurgitation during the chemotherapy
embolization can play a preventive role.

* Bile duct sclerosis and biloma
Because the blood supply of bile duct system
is from the liver artery, hepatic artery adminis-
tration can cause bile duct complications.
There are many reports about bile duct sclero-
sis in western countries, which mostly appears
in cases with FUDR administration through
the artery. The occurrence rate is up to 3-26 %;
the clinical symptoms are similar to primary
sclerosing cholangitis. At the same time of the
administration, the arterial administration of
dexamethasone or switch to 5-FU can reduce
the incidence rate of this complication. Biloma
formation may be related to bile leakage after
the local bile duct wall ischemic necrosis.
Small-volume bile tumor need not be treated.
If the volume is great and produces symptoms
of oppression, puncture and drainage can be
carried on.

e Liver abscess
The biliary tract surgery history is the high-
risk factor for the formation of liver abscess
after TAI or TAE. The biliary tract surgery can
lead to intestinal bacteria retrograding into the
liver. The cytotoxic effect of chemotherapy
drug and liver tissue local ischemia after the
embolization can both cause decrease of anti-
infection immunity and lead to liver abscess.
After the formation of abscess, the combina-
tion administration of sensitive antibiotics is
needed, and puncture and drainage should be
carried on after the abscess grows mature.

18.1.8 Prospect

Inrecent years, the targeted therapy drug develops
very fast and has achieved good clinical healing
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effects. The colorectal cancer targeted therapy
drugs with clear healing effects are cetuximab
targeting epidermal growth factor receptor and
bevacizumab targeting vascular endothelial
growth factor [15, 16]. Therefore, it is a new
direction of the treatment of colorectal cancer
liver metastases to combine the molecular biol-
ogy and the traditional chemotherapy drugs. TAI
can increase the tumor’s local blood drug con-
centrations and reduce the side effects of drugs
on the systematic circulation, playing a role in
organ targeting. In this way, TAI can enhance the
efficacy of molecular targeted drugs, and it is
worthy of further study.

18.2 Percutaneous Port Catheter
System Implantation

Port catheter system (PCS) implantation is to
percutaneously make the indwelling catheter into
the target vessel. Its end is connected with the kit
indwelled under the skin to establish the long-
term intravascular drug delivery pathway involve-
ment technology. PCS implantation has the
following advantages: it is a simple delivery
method through an operation; it can establish a
long-term use vascular access for the TAI to
avoid repeated intubation; it can, with just a
puncture into the kit, administer drugs; it can be
carried on at outpatient service; and it can
decrease the average cost of treatment. In 1981,
percutaneous PCS implantation appeared in the
United States. The first Chinese percutaneous
PCS implantation via subclavian artery was
reported in 1994. And then it is carried on in the
domestic field extensively. Comparing with the
surgical implantation, the percutaneous PCS
implantation has less damage and fewer compli-
cations, no destruction of the arterial anatomy,
and long patency [17]. If necessary, PCS can be
adjusted or removed [18]. PCS only provides a
therapeutic method with no tumor treatment
effect itself. The main effects of TAI through
PCS are related with the chemotherapy regimens,
tumor differentiation degree, catheter indwelling
position, patient’s physical conditions, and other
factors [19, 20].

18.2.1 Indications
and Contraindications
18.2.1.1 Indications

¢ The metastasis lesions needing multiple TAI
administrations.

e The hepatic artery as the only blood supply
artery for the hepatic lesion. If there are other
visceral arteries participating in the blood
supply, embolization on these vessels should
be carried on.

18.2.1.2 Contraindications:
In Addition to TAl and TAE
Contraindications, There Are
* The kit implementation site may be carried on
hyperthermia or radiotherapy.
e There is infection or scarring or swelling
lymph nodes in PCS kit implantation site.

18.2.2 Preoperative Preparation

* Preoperative check
During 3 days before intervention surgery,
examinations should be taken including blood/
urine/stool routine test, liver and kidney func-
tion test, coagulation function, electrolyte test,
and tumor markers (CEA). Liver MRI or CT
scanning should be carried on within 1 week
before surgery. If being accompanied with
other distant metastasis, the appropriate imag-
ing should also be carried on.

e Patient preparation
Inform patients and their families of the sur-
gery process, postoperative reaction, and pos-
sible complications. Let the patients sign the
consent. In addition, patients should be
informed of the implanted chemotherapy kit’s
size, shape, implant position, influence on the
daily life, and nursing kit, so that patients can
have adequate psychological preparation.

* Drug preparation
The same as “Section 1.”

e Equipment preparation
— Conventional interventional devices

These include 21G puncture kit (including
the 21G puncture needle, 0.018 in. thin
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guide wire, and 4F trocar) or 18G puncture
needle, 180 cm long and 0.035 or 0.038 in.
smooth guide wire, and 4F or 5F catheter
various preformed catheter (cobra and RH
are the most commonly used).

— Port catheter system
This is composed of the kit, interface nut,
indwelling catheter, and tunnel needle.
PCS kit shell is made by hard plastics or
metal. Puncture membrane is made by the
high-density silicone, which is located in
the upper shell, can bear hundreds of punc-
ture, and will not leak. In one side of the
kit, there is OD 0.038 in. stainless steel
pipe. After setting into the indwelling tube,
screw the interface nut on and fix the
indwelling catheter and the shell closely.
The indwelling catheter’s outer diameter is
usually SF, and the inner diameter can pass
the 0.038 in. guide wire.

— Other instruments
These include the commonly used surgical
instruments, such as scalpels, forceps, sur-
gical forceps, needle holder, needle and
suture, and so on.

18.2.3 Operative Technique

18.2.3.1 Angiography

Angiography usually starts from the femoral
artery way to carry on catheter digital subtraction
angiography. Through angiography, tumor arte-
rial blood supply conditions are known to deter-
mine suitability for PCS implantation. TAI and
TAE are also carried on through this pathway.

18.2.3.2 Approach Choice

When carrying on PCS implantation, the blood
vessel approach can be the left subclavian artery
or the femoral artery [21, 22]. The corresponding
kit implantation sites are the left anterior chest
wall, the lower abdominal wall, or the groin inner
thigh. Generally, it is preferred to select the
approach of the left subclavian artery so that the
kit implantation’s influence on the patient’s post-
operative life is relatively slight, easy care, and
the indwelling tube in the aorta is along the
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direction of the blood flow, not easy to be shifted.
But it is difficult to carry on the left subclavian
artery puncture and catheter manipulation. The
operators are required to have appropriate experi-
ence. Femoral artery puncture and -catheter
manipulation approaches are more convenient,
but the indwelling tube in the aorta is in the
reverse direction of blood flow, relatively easy to
be shifted. Because PCS kit is close to the groin,
the care requirements are higher; otherwise, it
easily leads to infection.

18.2.3.3 The Left Subclavian Artery
Puncture Technique

The left subclavian artery directly starts from
the aortic arch, along the inside apex, from the
apertura thoracis superior to the root of the neck
chest, passing the scalenus gap through the top
of the first rib to the outer edge of the first rib,
transitional the axillary artery. Usually the sites
of puncture are the outside segment of the left
subclavian artery and the outer edge of the first
rib 1-2 cm at the initial segment of the axillary
artery. The needle point usually selects at the
subclavian fossa 3—4 cm below the top. Slim
patient may be touched at the axillary artery
pulse. The depth of puncture at the midpoint of
the clavicle with 21G needle is about 4-5 cm,
and then the end of needle is connected to the
syringe. Take back the needle when withdraw-
ing. Remove the syringe when there is blood
return. If the needle tip is located in the left sub-
clavian artery, we can see the bright red blood
drop out quickly at the end of needle. If the
puncture is not successful, move the needle
0.5 cm downward every time, until the needle
parallels with the cross section of the body.
During the puncture, if the patients feel numb-
ness in the left upper extremity, which means
the axillary plexus is hit, the needle tip is in
upper direction. If the subclavian vein is hit, it
indicates the needle tip is in lower direction. If
the pleural cavity is hit, it proves too deep and
low puncture. During the puncture process,
remove the pillows to relax the patient’s shoul-
ders, which can improve the success rate of
puncture. After hitting, send the 0.018 in. guide
wire into the ascending aorta under fluoroscopic
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monitoring, along the guide wire sent into the
4F stent. After removal of the core and the
0.018 in. guide wire, send the 0.038 in. or
0.035 in. after smooth guide wire. Then set up
the puncture channel.

Another way is through the established femo-
ral artery approach to send 0.035 in. guide wire
into the left subclavian lower artery as the guid-
ance. Under fluoroscopic monitoring, aim at the
0.035 in. guide wire to carry on puncture. During
PCS implantation, TAI is usually carried on
through the femoral artery approach, and this
method’s puncture success rate is high with few
complications. Thus, it becomes the most com-
monly used method of left subclavian artery
puncture.
18.2.3.4 Indwelling Catheter
Placement
Along the guide wire sent into the catheter
(cobra catheter is most commonly used), avoid
using the vascular sheath to prevent bleeding
after the exchange of indwelling catheters. With
the help of the guide wire, make the catheter
selectively enter into the hepatic artery. If the
catheter cannot cross the gastroduodenal artery,
you can use stainless steel ring to close the gas-
troduodenal artery and place the catheter head
in the hepatic artery. After angiography approves
the catheter position, send the guide wire and
make the guide wire tip reach the distal arterial
branches to provide good support. Under fluoro-
scopic monitoring, fix the guide wire, withdraw
the catheter until the catheter exits out of the
body, and at the same time, press the puncture
point to prevent bleeding. Along the guide wire,
send the indwelling catheter into the desired
location. The fluoroscopic imaging of the
indwelling catheter is poor under fluoroscopic
monitoring. If necessary, enlarge the image to
identify catheter tip position and carry on con-
firmation by contrast agent injection. After the
indwelling catheter is in place, patients should
be told to take a deep breath or cough to increase
range of organ position movement to observe
whether the catheter tip position is shifting. If
there is shift, the indwelling catheter should be
readjusted.
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18.2.3.5 Kit Access and Implantation

In the left anterior chest wall, 2-3 cm under the
puncture point, carry on local anesthesia and cut
off about 3 cm skin to isolate the subcutaneous
tissue. Subcutaneous tissues are bluntly dissected
to make a subcutaneous cyst. The size to accom-
modate the kit can prevail. The tunnel needle
puncture gets through the subcutaneous tissue to
the cavity. The needle ends at the catheter
connection, which would lead to the catheter
lumen outside the incision. Cut off the excess
catheter with a metal pipe connection kit and
tighten the nut and the interface. Scalp needle
with heparin saline is injected into the kit as a test
to observe any leaks in the interface. Further
injection of contrast agent is done to confirm that
the catheter tip will not shift into the skin or into
the cavity inside the kit. Contrast agent is injected
again to confirm that there is no folding of the
part out of the catheter and then suture the subcu-
taneous tissue and skin. Bolus injection of hepa-
rin saline is performed to fill the kit and indwelling
catheter to prevent thrombosis within the catheter
system Kkit.

In the femoral artery indwelling, the puncture
kit can also be implanted 3—4 cm at the bottom of
the ipsilateral abdominal wall. Pitch location of
the puncture kit is far from the indwelling. The
indwelling catheter in the act of making a small
incision through the skin with a needle for frac-
tional tunnel will lead to cyst catheter incision.

18.2.3.6 Delivery Method

Expose the site of the kit and conventional dis-
infection. With the left thumb, index finger,
and middle finger, touch the edge of PCS. Clear
the center of PCS. Puncture the kit vertical
penetration film with a scalp needle until the
tip touches the bottom of the kit. During first
injection with heparin saline, observation is
smooth, with or without leakage. And then
inject chemotherapy drugs to PCS. After the
end of injection, make a sealed tube with hepa-
rin saline. The kit of chemotherapy should be
the first in a small amount of contrast agent
injection under fluoroscopy to confirm the
catheter tip position. Monthly PCS system
should be flushed with heparin saline.
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18.2.4 Postoperative Treatment

* The patient is supine, with the left upper and/
or puncture side limb braking to observe the
puncture site and the kit with indwelling
bleeding, hematoma formation, the pulse of
puncture artery and the left radial artery, body
skin color, temperature, feeling, and so on.

e In 3-5 days after liver surgery, carry on liver
protection, acid suppression, antiemetic, anti-
biotics, and symptomatic and supportive
treatments.

* Remove sutures 7 days after surgery. For
patients with poor wound healing or high ten-
sion, prolong the suture time or add inter-
rupted sutures. If necessary, fix the incision
with butterfly tape to reduce the tension.
Minimize the activity of the left upper limb.
Maintain the kit clean and dry the skin at the
implant, especially for patients with implants
through the femoral artery.

18.2.5 Complications

Puncture-related complications are the same as
those in “Section 1. The short-term PCS
implantation-related complications are pneumo-
thorax, wound infection, hematoma formation,
and delayed healing. Long-term complications
include catheter displacement, obstruction,
hepatic artery occlusion, and skin necrosis.

e Pneumothorax
Pneumothorax is usually caused by puncture
of deeper or lower subclavian artery and punc-
ture of parietal pleura. Slight pneumothorax is
usually self-absorbed without special treat-
ment. Severe pneumothorax needs thoracic
close drainage. This complication can be
avoided by the puncture of the left subclavian
artery aimed at the guide wire indwelled
through the femoral artery. Without the help
of the guide wire, the anatomy of the left sub-
clavian artery should be more familiar before
the surgery. Of course, it is important to
identify the adjacent structure and the surface
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projection to avoid too-deep puncture of the
needle (no deeper than the edge of the first rib
under fluoroscopy).

Hematoma formation

Poor blood coagulation can cause puncture
site bleeding, local swelling, ecchymosis, and
fluctuation feeling. For high-risk patients,
coagulation function should be corrected
before the surgery, and hemostatics should be
use after the surgery. During the surgery, more
attention should be paid to prevent the bleed-
ing of small vessels. Minimize the residual
cavity space. For wound bleeding heavily,
indwell subcutaneous intracavitary drainage
to prevent hematoma formation. If hematoma
has formed, rough needle can be taken for
puncture and aspiration. Take incision and
drainage if necessary.

Wound infection

PCS is a sterile implant incision and usually
has no infection. The keys to prevent infec-
tion are strict aseptic technique, removing
sutures before the accumulation of blood
within the wound, and routine use of antibi-
otics. Once infection occurred, it is important
to use effective antibiotics in time. If neces-
sary, take local treatment appropriately. For
prolonged unhealed wound, PCS should be
removed.

Wound delayed healing or cracking

It is often associated with poor nutritional sta-
tus of patients and greater tension on the inci-
sion. The subcutaneous PCS kit can often
cause greater tension of the incision. The kit
should be buried between the deep fasciae,
just under the smooth skin. For incision with
greater tension, suture removal should be
delayed or interrupted to improve the nutri-
tional status of patients and promote wound
healing. If wounds would not heal, the PCS
system should be removed.

Catheter displacement

Catheter displacement can be divided into
the proximal displacement and the distal dis-
placement. The proximal displacement is
more common as the catheter tip shifts to the
proximal opening of the gastroduodenal
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artery or celiac trunk. The chemotherapy
drug concentration decreases in hepatic per-
fusion, and the gastrointestinal adverse reac-
tions increase. In the distal displacement, the
catheter tip shifts to the hepatic artery bifur-
cation, causing some lesions. The following
measures can prevent catheter displacement:
The catheter should retain a certain length
within the target vessel; the catheter should
not be stretched too tight or too loose; before
connecting the kit, let the patient take a deep
breath or cough to observe the movement of
the catheter tip; and make appropriate adjust-
ment. Catheter can be fixed through a variety
of techniques to prevent displacement, but
the operation is more complex and time-con-
suming [23]. Once the catheter displacement
occurs after surgery, separate the catheter
from the kit, and replace the indwelling
catheter.

e Catheter obstruction
It usually occurs in patients without heparin
saline flush for a long time. Some obstructions
can get repass by 2 ml syringe injection with
urokinase solution.

* Hepatic artery occlusion
This is related to stimulation to endangium by
chemotherapy drugs or catheter tip. The ves-
sel wall cannot withstand the catheter tip of
PCS and is easily injured [24].

e Leakage of chemotherapy drugs
Needle failing to puncture into the kit com-
pletely or the catheter failing to connect with
the kit tightly will lead to the leakage of che-
motherapy drugs during chemotherapy infu-
sion. The needle can puncture into the kit
through the membrane only when the injec-
tion pressure is high, and sometimes the nee-
dle will be withdraw so that the needle will
retreat out of the film, leading to the leakage.
Therefore, the needle should come into con-
tact with the posterior wall of the kit and then
inject chemotherapy drugs. In the event of
leakage, cryoablation or procaine can be used
for local blocking. For drugs with serious
local stimulation (such as mitomycin C), the
kit often needs to be removed.
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18.3 Radio-Frequency Ablation

Over the last decade, the local treatment of liver
tumors developed rapidly and achieved good
clinical efficacy. The local treatments include
radio-frequency ablation (RFA), microwave
treatment, laser-induced thermotherapy (LITT),
high-intensity focused ultrasound (HIFU), cryo-
ablation, and so on. In the treatment of colorectal
cancer liver metastases, the RFA is reported by
more researches and clinical trials. Here is a brief
introduction of the RFA for colorectal cancer
liver metastases.

18.3.1 Mechanism

RFA system consists of RF generator, needle
electrode, and skin electrodes. During the treat-
ment, CT and other imaging methods guide the
needle electrode into the tumor. Skin electrode is
one or two large electrodes placed at the body
surface with relatively good electrical and ther-
mal conductivity, such as the thighs or back.
Thus, the RF generator, the needle electrode, the
skin electrodes, and the body form a circular
path. When the RF generator works, the needle
electrode and the skin electrodes produce the RF
current in the patient’s body. Under the action of
the needle electrodes, the surrounding tissues
appear with ion oscillation, heat, and tissue-
temperature rise [25]. According to the literature
[26], cells can still maintain a steady state at
40 °C; when the temperature rises to 4245 °C,
external stimulus easily causes damage; when the
temperature rises to >46 °C, cells began to appear
with irreversible damage; at 60—100 °C, coagula-
tion necrosis occurs; when the temperature
exceeds 105 °C, carbonization occurs and then
the carbonized tissues will inhibit the heat con-
duction. Therefore, 60—100 °C is the best tem-
perature range for RFA treatment of cancer. Heat
inactivation of tumor necrosis in vivo is different
from the tumor tissue, the tumor cell antigen of
which rapidly liquefied and degraded. After RFA
treatment, the temperature of tumor tissue can be
fixed and retained in the body. The inactivation of
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tumor tissues lasts quite a long time, and the
interaction between the tumor tissues and the
immune system can produce long-term immune
effect, which may facilitate the killing of tumor
cells and tiny metastases, thus playing ectopic
antitumor effect [27].

18.3.2 Indications [28, 29]

Lesion diameter <4 cm, no more than 3 cm, and
no extrahepatic metastases are the best indica-
tions for RFA, which can achieve radical results.
If the diameter or number of lesions fails to meet
the above standard or extrahepatic metastasis has
occurred, appropriate palliative treatment may be
conducted.

18.3.3 Contraindications [30]

e Contraindications of liver biopsy, such as
severe coagulation disorders, sepsis, and so
on.

e Hilar tumors. The hepatic artery and portal
vein blood can take away the heat so that the
hepatic artery and portal vein avoid heat dam-
age. But bile flows very slowly and could not
take away the heat. If the effect of hepatic
RFA of tumors damages the large bile duct,
there may be biliary fistula, or bile duct
stricture.

e Tumors near the gallbladder, stomach, intes-
tine, and other hollow organs as a relative con-

traindication to RFA  treatment by
laparotomy.
e Liver function Child-Pugh classification,

grade C.
* End-stage patients.

18.3.4 Preoperative Preparation

18.3.4.1 Preoperative

During 3 days before intervention surgery, exam-
inations should be taken including blood/urine/
stool routine test, liver and kidney function test,
coagulation function, electrolyte test, and tumor
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markers (CEA). Liver MRI or CT scanning
should be carried on within 1 week before sur-
gery. If being accompanied with other distant
metastasis, the appropriate imaging should also
be carried on.

18.3.4.2 Patient Preparation

Inform patients and their families of the surgery
process, postoperative reaction, and possible
complications. Let the patients sign the consent
and fast four hours before surgery. Administer
preoperative sedation with 10 mg intramuscular
injection of diazepam 30 min before surgery.

18.3.4.3 Drug Preparation

e Conventional drugs
Local anesthetics, analgesics, saline, and so
on

e Emergency drugs
The same as “Section 1”

18.3.4.4 Equipments

Radio-Frequency Ablation Instrument

RFA instrument consists of needle electrode, RF
generators, wires, and the skin electrode.
Different manufacturers of radio-frequency
catheter ablations mainly differ in needle elec-
trode. Commonly used needle -electrodes
include:

o Umbrella needle electrode [31]. The insula-
tions of the needle electrode, bevel needle, and
bar electrode within the arc consist a number
of pieces of wires. According to the different
manufacturers and device models, the number
of wire inside the needle electrode ranges
from 4 to 12. After the needle electrode was
inserted into the tumor, the electrode wire out
of the needle bar was umbrella-like open,
increasing the scope of RFA treatment.

* Bipolar needle electrode [32]. It is a two-
parallel-needle electrode enhancing radio-
frequency current work that is created between
two electrodes, without the use of skin elec-
trodes. Its effect is equivalent to the effect that
two single-needle electrodes work at the same
time.
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e Self-cooling needle electrode [33]. There are
two parallel needle hollow lumens; the lumen
in the flow of liquid can take the heat around
the needle electrode to prevent over-high tem-
perature around the needle electrodes and sub-
sequent carbonization, thereby enhancing the
radio-frequency current and heat conduction.

e Saline-enhanced needle electrode [34]. On the
needle electrode tip, there is a side hole, and
the injection holes at the needle end are con-
nected. During treatment, normal saline is
injected from the pin end and can disperse in
the treatment area through the side hole.
Organizations can increase the electrical con-
ductivity, thereby enhancing the RF current
and thermal effects; liquid thermal conductiv-
ity is better than solid since it can prevent tis-
sue charring near the needle electrode.

18.3.4.5 CT or Ultrasound Image
Guidance Equipment

Ultrasound and CT imaging are commonly used
in guiding RFA therapy, both having advantages
and disadvantages. The spatial resolution and
density resolution of CT are much higher than
ultrasound. But ultrasound shows a more clear
and precise image between the human tissue and
the needle electrode. During RF treatment, large
quantities of microbubbles will form a lot of
acoustic interface, interfering with observation of
ultrasound treatment of lesions. However, ultra-
sound guidance is simple and can real-time dis-
play puncture procedure to adjust the direction
and depth of the needle electrodes. CT guidance
is a more complicated operation; image acquisi-
tion and needle insertion are conducted sepa-
rately, and the patients are affected by X-ray
radiation dose.

18.3.5 Operation Method

* According to the lesion location and operation
need, the patients shall be in supine position,
prone position, or lateral position, with the
skin electrodes placed and fixed on the thigh
or back, and then by virtue of ECG, the course
of treatment shall be observed.
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e Make 2-3 mm skin incision over the puncture
point and carry on lidocaine as local anesthe-
sia. With ultrasound or CT guidance, the nee-
dle electrode is inserted into the liver capsule.
Let the patient calm his breathing and hold it
to reduce liver capsule injury. Real-time ultra-
sound guidance should be used to monitor the
whole course from the needle electrode’s
insertion into the body to reach lesions. Pay
attention to avoiding the large blood vessels.
When guided by CT, it is required to precalcu-
late the needle’s insertion angle and depth
based on CT or MRI images. If necessary, use
CT scans intermittently so as to confirm tip
location, until the tips reach the intended site.

e Turn on the radio-frequency generator to start
the radio-frequency treatment and determine
treatment time according to treatment param-
eters set by different machines. Currently, the
most commonly used umbrella needle elec-
trode is required to open a sub-diameter nee-
dle before treatment to make the edge of
ablation lesions beyond the scope of 0.5 cm.
During the course of treatment, inject a small
amount of cold water between the skin and
electrodes from time to time to prevent skin
burns. If patient has more severe pain, the pain
can be alleviated with morphine or strong
analgesia. For patients with vagal reflex, atro-
pine can be used.

e After radio-frequency ablation, use the coagu-
lation function. Have the patient hold his
breath and then slowly withdraw the needle
electrode. Note that before the withdrawal of
the needle, ensure the complete close of minor
needle. Cover a layer of gauze over the punc-
ture point and bandage with bellyband.

18.3.6 Postoperative Management

* Maintain the supine position on the day of sur-
gery, monitor vital signs, and observe whether
there are such complications as bleeding and
pneumothorax.

e Administer hemostatic agents as appropriate
to prevent bleeding; give liver protection, anti-
biotics, and symptomatic treatment for 3 days.



248

* One week after operation, reexamine liver
function and conduct blood routine examina-
tion; 4-6 weeks after operation, conduct CT
or MRI; according to the tumor necrosis,
decide whether to give RFA again or to give
other treatments.

18.3.7 Complications

RFA complications are mainly related to the
puncture operation or heat damage. Some schol-
ars have summed up 41 groups of percutaneous
RFA cases with a total of 2,320 cases of patients.
Complications of RFA treatment of liver tumors
are as follows [35]:

*  Minor complications

— Liver pain: usually occurs within a few
days during and after operation; mostly
occurs to lesions on the liver capsule

— Fever: related to absorption and removal of
necrotic tumor tissues

— Pleural effusion: in the puncture tract
through the diaphragm into the pleural cav-
ity and the lesions seen in cases of the top,
1-2 weeks after surgery itself absorbed

— Skin burns: caused by a skin electrode

— Branch duct stenosis: a thermal burn of
small bile duct branches, showing injured
remote branch expansion, generally does
not cause clinical symptoms

e Serious complications

— Puncture tract cultivation: 0.5 %.

— Abdominal bleeding: 0.5% and more
lesions in the liver capsule; in case of large
amount of bleeding, transfusion and
hepatic artery embolizations are required.

— Liver abscess: 0.3 %.

— Gastrointestinal perforation (not including
the latter deaths): 0.2 %, the vast majority
have the history of abdominal surgery and
cause gastrointestinal tract fixed adhesion.

— Blood pneumothorax: 0.1 %.

— Others: myoglobin hyperlipidemia, dia-
phragm perforation, acute renal failure, etc.
can only be seen in very few cases [18, 20].

J.Wang and Y. Chen

18.3.7.1 Mortality

RFA mortality rate was 0.3 %. About half of the
deaths are due to serious complications from
thermal injury of normal tissues and organs (such
as the colon, the large bile duct branches, etc.).

18.3.8 Healing Effect
18.3.8.1 For the Lesion Cannot

Be Removed

Currently, RFA treatment of unresectable colorec-
tal cancer liver metastases has been widely used
[36, 37]. However, the treatment effect reported in
the literature is quite different; 1-, 2-, and 3-year
survival rates were 80-93, 50-75, and 21-53 %.
This is because there are (1) different inclusion cri-
teria of different cases, (2) different RFA devices,
and (3) different degrees of acceptance of other pal-
liative treatments. Many scholars analyzed that the
factors for RFA treatment fail to resect colorectal
cancer and affect the liver metastasis’ curative
effect and provided the basis for judging the prog-
nosis. Siperstein et al. [38] treated 234 cases of
colorectal cancer liver metastases, in patients with
lesions less than or equal to three; the median sur-
vival term was 27 months, significantly longer than
17 months in patients with the number of lesions
greater than three (P=0.0018); The median sur-
vival term (26 months) for CEA less than 200 ng/
ml compared with that for CEA above 200 ng/ml
(16 months) was significantly long (P=0.003).
Veltri [39] has shown that for RFA lesions after
treatment, the maximum diameter less than or
equal to 3 cm has the complete necrosis rate of
66.7 % and the maximum lesion diameter greater
than 3 cm has the complete necrosis rate of 33.3%
(P<0.0001); the average survival term was
36.2 months and 23.2 months, respectively, with a
significant difference. In short-term outcomes, the
greater the tumor burden is, the more reduced the
RFA’s effects are. RFA in inoperable liver metasta-
ses of colorectal cancer also holds an important
position in comprehensive treatment. Siperstein’s
study results suggested that [38] in RFA combined
with systemic chemotherapy group, the median
survival term was 28 months compared with
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19 months of median survival term in chemother-
apy group alone. Recent EORTC (European
Organisation for Research and Treatment of
Cancer)-CLOCC Trial (Chemotherapy + Local
Ablation Versus Chemotherapy) phase II clinical
studies have shown that in RFA combined with
systemic chemotherapy group, NED progression
was 16.8 months, better than 10 months in chemo-
therapy group alone [40].

18.3.8.2 For the Resectable Lesions
For resectable colorectal cancer liver metastases,
whether RFA can be used instead of surgery is
still controversial. RFA involves small damage,
fewer complications, and shorter hospital stay,
which are far beyond the surgery. But in terms of
comparing the RFA and surgical treatment for
resectable liver metastases of colorectal cancer,
different scholars have different views. First is
the higher local recurrence rate of RFA. Livraghi
et al. [41] reported 88 cases receiving RFA in
patients with resectable colorectal cancer by
33 months (median) of follow-up, with recur-
rence rate as high as 40%. For patients with
29 months of follow-up after surgical resection,
intrahepatic recurrence was only 3.8-10.4 % [42,
43]. Surgery can find the small lesions which pre-
operative imaging examinations missed, such as
peritoneal and lymph node metastases, and then
promptly change the treatment program [43, 44].
But the surgery will affect the body’s immune
function and reduce the immune response to
tumor [45]. Both experimental and clinical stud-
ies showed that after RFA treatment, T-cells’
response to tumor got enhanced [46, 47].
Currently, the vast majority of patients with
liver metastases are resectable and receive sur-
gery. There is still no prospective controlled
study comparing RFA and surgical resection.
Some researchers conducted retrospective stud-
ies, but the results are not consistent. Oshowo
et al. [48] retrospectively analyzed 45 patients
with single liver metastases, 20 patients who
received surgical resection, and 25 patients who
received RFA as the great vessels are near the
lesion or there is high risk for surgery or there are
other factors associated with extrahepatic metas-
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tases. For the surgery group and the RFA group,
the median survival term was 41 months and
37 months, respectively; 3-year survival rates
were 55.4 and 52.6 %, both having no significant
difference. Abdalla et al. [49] compared three
groups as surgical resection, RFA combined with
surgical resection, and RFA alone. Except the
tumor site, there was no significant difference in
clinical conditions. The 4-year survival rates of
surgery group, RFA combined with surgical
group, and RFA group alone were 65 %, 35 %,
and 22 %, respectively, with significant differ-
ences. Therefore, RFA has comparable efficacy
for resectable liver metastases of colorectal can-
cer. Strict prospective randomized studies are
still needed for further evidence [50].
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A community-based research in Europe [1] was
carried out in a community of one million popu-
lation in France. During the period of 1976-2000,
3,655 cases of colorectal cancer patients were
subject to the radical surgery, of which postoper-
ative liver metastasis occurred in 467 cases of
patients (12.8 %) within 5 years, and the rates of
postoperative liver metastasis within 1 year,
3 years, and 5 years were 4.3%, 12.0%, and
16.5 %, respectively. The relation between differ-
ent clinical pathological characteristics and post-
operative liver metastasis was shown in
Table 19.1. The multivariate analysis showed that
the patients of women (OR 0.82, 95 % 0.68-0.99,
P=0.036), earlier staging of TNM (stage IT OR
3.28, 95% CI 2.24-4.82, P<0.001; stage III OR
8.30, 95 % CI 5.67-12.14, P<0.001), and fungi-
form tumors (ulcer fungiform or ulcer infiltration
type of patients, OR 1.35, 95% CI 1.06-1.71,
P=0.012) have a lower incidence of postopera-
tive liver metastasis.

J. Xu (P<) » Y. Zhong * D. Zhu

Q. Feng

Zhongshan Hospital, Fudan University,
180 fengling road, Xuhui district,
Shanghai 200032, China

e-mail: xu.jianmin @zs-hopital.sh.cn;
Xujmin@aliyun.com

© Springer Science+Business Media Dordrecht and People’s Medical Publishing House 2017

19.2 Prevention of Postoperative
Liver Metastasis
of Colorectal Cancer
by Neoadjuvant Therapy
(Preoperative Interventional
Chemotherapy)

19.2.1 Advantages of Neoadjuvant
Therapy

The neoadjuvant chemotherapy is a systematic
chemotherapy applied for the treatment of cancer,
before radical surgery or radiotherapy, also known
as preoperative chemotherapy. Since 1982, Frei
firstly proposed the concept of neoadjuvant che-
motherapy, and thereafter its clinic effect and
value were recognized gradually. According to the
theory of first-order kinetics of Skipper [2], admin-
istration of a certain amount of anticancer drugs
can only kill a certain percentage of cancer cells,
which is not associated with the number of cancer
cells existing in the treatment, that is, it is not a
fixed number of cells, which provided the basis for
the preoperative chemotherapy. Therefore, admin-
istration of sufficient large dose of anticancer
drugs within the tolerance range of the patients is
allowed. The proportion of the proliferating cells
among the tumor cell is called growth fraction
(GF). During the early stage, there are fewer tumor
cells, GF is greater, and the time of growth is short,
relatively sensitive to the cell-cycle-specific drugs.
And in the advanced tumor, the number of the
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Table 19.1 Relation between different clinicopathological features and postoperative delayed liver metastasis

Number of cases | First year (%) | Third year (%) | Fifth year (%) | P
All patients 3,655 4.3 12.0 14.5
Gender 0.0253
Male 1,994 4.8 13.8 16.5
Female 1,661 4.7 11.4 13.7
Age 0.0281
<75 2,152 44 13.2 15.7
>75 1,501 4.1 10.1 12.5
Tumor site NS
Right colon 953 4.7 10.4 11.6
Left colon 1,290 4.6 13.0 16.6
Site of intersection 611 3.8 12.1 14.5
of the rectum and
sigmoid colon
Rectal ampullas 798 3.6 12.2 14.3
Diagnosis time 0.0010
1976-1980 510 5.0 16.7 19.8
1981-1985 663 53 133 15.7
1986-1990 815 5.0 12.8 15.9
1991-1995 779 3.8 9.5 11.2
1996-2000 888 29 10.0 12.2
Staging <0.0001
I 1,058 0.1 22 3.7
I 1,589 3.7 10.6 13.3
11 1,008 9.9 26.5 30.4
General type
Fungiform 1,303 1.8 6.0 8.0 <0.0001
Ulcer fungiform or 2,263 59 15.9 18.7
ulcer infiltration type
Tumor size <0.0001
<3cm 599 1.0 4.8 6.9
3-6 cm 2,434 5.1 14.1 16.5
>6 cm 555 4.8 12.5 15.7

tumor cells increases, GF decreases, and the time
of growth extends, which reduces the sensitivity to
the cell-cycle-specific drugs, but at this time, the
use of a large dose of cell-cycle-specific drugs
may reduce the volume of the tumor cells and pro-
mote the increase of the GF, and the sensitivity of
the cell-cycle-specific drugs will increase.
Therefore, before resection of primary foci of the
tumor, administration of chemotherapy drugs is
sensitive and effective to the treatment of small
cancer foci; besides, it also has killing effect on the
primary focus. Therefore, theoretically the earlier
the chemotherapy is given, the less the drug-resis-

tant cell strains. Moreover, many animal model
tests showed that after the tumor resection, the
stimulating factors to promote the cancer cell
growth would be induced to accelerate the metas-
tasis focus growth, inducing the cancer cells to
form the clones with the anti-chemotherapy drug
characteristics. In addition, through the preopera-
tive chemotherapy, the number of the tumor cells
reduces, thus inhibiting the production of such
growth-stimulating factor and slowing down the
growth of the metastasis foci. Compared with
postoperative chemotherapy, the advantages of the
neoadjuvant chemotherapy are as follows:
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1. Prevent the change of the postoperative tumor
blood supply from affecting the chemothera-
peutic effect. After the surgery, the vascularity
of the primary lesions is changed, and the scar
and the changed vascularity cannot achieve an
effective concentration of residual lesions
after chemotherapy. But preoperative chemo-
therapy has no such problems. Schuhmacher
CP et al. discovered that [3] the patients who
have complete remission from the neoadju-
vant chemotherapy have a significant improve-
ment on the survival rate. And it is believed
that the preoperative chemotherapy can real-
ize the cytotoxic drugs to access to the tumor
through the complete tumor blood vessels,
thus avoiding the reduction of the concentra-
tion of chemotherapeutic drugs in the residual
tumor tissues due to the destruction of tumor
blood vessels after surgery.

2. Control and kill the small clinical or subclini-
cal metastases and reduce the postoperative
recurrence and metastasis [3].

3. Most of the preoperative patients can tolerate
the higher doses of chemotherapeutic drugs,
and the acute toxicity reactions can be
reduced.

4. Reduce the clinical staging, shrink the pri-
mary focus, and increase the surgery
opportunity.

5. The observation of the pathological results of
the surgical specimens can help to understand
the sensitivity of the tumor on the chemother-
apeutic drugs and help the selection of the
postoperative chemotherapy drugs.

6. Rule out the patients that are not suitable for
surgery. Some tumors of poor biological
actions advance rapidly and during the che-
motherapy period, the wide local infiltration
and remote metastasis may occur. For such
patients, even if surgical resections are con-
ducted, they can relapse rapidly.

For the patients of non-metastases of colorec-
tal cancer, whether or not they should accept the
neoadjuvant chemotherapy, the ‘“guidelines of
diagnosis and comprehensive treatment of liver
metastases of colorectal cancer draft” (2009 edi-
tion) specifies that “generally, the stage III preop-
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erative patients, if they have no bleeding,
obstruction or perforation, etc., can accept the
neoadjuvant chemotherapy, with the regimens of
FOLFOX, capecitabine alone or 5-FU/LV and
the recommended time is 1-3 months before the
surgery” [4, 5].

However, there are no EBM evidences for the
patients of non-metastases of colorectal cancer for
whether or not to accept the neoadjuvant chemo-
therapy (intravenous chemotherapy). But as rec-
ommended by the NCCN Guidelines of Colon
Cancer in 2010, these patients are not applicable to
accept the neoadjuvant chemotherapy (intravenous
chemotherapy), but directly accept the surgery.

Since the higher recurrence rate and demand-
ing for continuing the physiological functions
after radical resection of rectal cancer, the neoad-
juvant therapy of rectal cancer mainly focuses on
the combined therapy of preoperative local radio-
therapy and chemotherapy, to enhance the RO
operative resection rate and reduce the local
recurrence rate. But there is no great significance
of improving the patients’ overall survival [6-9].

19.3 Local Artery Infusion
Chemotherapy
(Interventional
Chemotherapy) Can Enhance
the Local Drug
Concentration,
and the Drugs Flowing Back
to the Liver Can Reduce
the Incidence of Liver
Metastasis

How to further improve the efficacy and targeting
of neoadjuvant chemotherapy is an urgent issue
to be solved. The traditional intravenous injec-
tion was applied earlier, easy to do but with great
side effect, and the effective concentration cannot
be met in the local part of the tumor and easy to
produce drug resistance. Therefore, people try to
find more effective chemotherapy drugs and
better chemotherapy regimen to enhance the
effect of the intravenous chemotherapy. With the
progress of the interventional radiology tech-
niques, the chemotherapy drugs can be delivered
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to the major feeding arteries of the primary tumor
or tumor metastases directly through the selective
arterial cannula, that is, preoperative interven-
tional chemotherapy, which is featured by strong
selection, centralized drug administration, and
high concentration of drug in the foci as well as
small systematic toxicity reaction. Clinically, the
femoral artery puncture (Seldinger method) is
generally adopted for the preoperative interven-
tion. The chemotherapy drugs are injected to the
major feeding arteries through the superselective
arterial catheterization. For patients whose
tumor’s nutrition blood vessels cannot be judged
directly, the tumor staining method can be
adopted to judge the sources of the major blood
supply and then superselective arterial catheter-
ization is adopted. In addition, intraperitoneal
chemotherapy is a highly selective local drug
treatment method, with significant pharmacoki-
netic advantages compared with the venous che-
motherapy. The high concentration of
chemotherapy drugs in the enterocoelia is
absorbed through the peritoneum, after through
the portal vein system and the retroperitoneal
lymphatic system, that involves the blood circu-
lation, which consists of the blood dissemination
and lymphatic metastasis paths of the digestive
tumors. The preoperative intraperitoneal chemo-
therapy can improve the concentration and the
action time of the chemotherapy drugs of the
peritoneum, tumor tissue, and the related lymph
nodes, which can help to reduce the intraopera-
tive iatrogenic cancer cell dissemination, elimi-
nate the subclinical or small peritoneal metastases,
and has better curative effect of control over the
postoperative peritoneal recurrence, lymph node
metastasis, and reduction of liver metastasis [10].

Compared with traditional intravenous che-
motherapy drug application, the intervention che-
motherapy can realize the onetime administration
of drugs through the major nutrition artery of the
tumors, and over two thirds of the drugs will pro-
duce effect in the local tumors. The pharmacoki-
netic studies have shown that there is obvious
dose-effect relationship between the drugs and
the toxicity of tumor cells, that is, concentration
dependence. When the local concentration of the
chemotherapeutic drugs increases by one time,
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the killing effect on the tumor cells can be
increased by ten times. Therefore, under the same
drug doses, the killing effect of the intervention
chemotherapy on tumor cells can be increased
significantly. In addition, the arterial injection of
chemotherapy drugs can enter the systemic circu-
lation again, which have certain effect on the sys-
tematic clinical or subclinical metastases, and
flow back to the tumor site through the venous
return to realize the secondary chemotherapy
[11]. Studies have shown that after intervention
chemotherapy, the tumor necrosis foci are mainly
at the tumor center surrounding the blood ves-
sels, with the necrotic rate up to 80 %, medium to
severe necrosis rate of 60 %, while after the sys-
tematic intravenous injection of drugs, the tumor
necrosis is mainly located at the shallow layer of
the tumor with the necrosis rate of about 40 %,
mostly mild to moderate necrosis. After the inter-
vention chemotherapy, varying degree of vascu-
lar inflammation and microvascular thrombosis
will occur for the tumor-feeding vessels, which
also delayed the growth of tumors to a certain
degree [12].

In addition, due to the particularity of colorec-
tal blood supply, the arterial infusion of chemo-
therapy drugs can flow back to the liver through
the portal vein system, which also has an “infu-
sion chemotherapy” effect on the micrometasta-
sis in the liver.

19.3.1 Reasons for the Hepatic
Artery Administration
of Drugs

The injection of the chemotherapy drugs in the
hepatic artery for preoperative interventional
therapy is mainly based on the following: (1) the
multiplication rate of the tumors — for the
patients with delayed liver metastasis after the
radical operation, their livers have the “small
metastasis” that cannot be discovered through
the existing imaging techniques before opera-
tion; after surgical removal of primary foci, the
inhibited factor of blood vessels are removed,
which activates the growth of the dormant micro-
metastatic tumor and causes the occurrence of
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distant metastasis [13, 14]; (2) the blood supply
of the micrometastasis with the diameter of
0.5-3 mm in the liver is mainly from the hepatic
artery, and this micrometastasis is just the target
of preoperative intervention therapy [15].

19.3.2 Why Choose the Stage lll
Colorectal Cancer Patients

Sadahiro from the University of Tokyo firstly
reported the randomized controlled trial of pre-
operative preventative hepatic artery interven-
tion therapy of colorectal cancer in 2004. There
were 305 cases of stage II and stage III colorec-
tal cancer patients involved in this study, and no
preoperative liver metastasis has been discov-
ered for the patients. The 305 patients were
divided into two groups randomly: 119 cases of
preoperative hepatic artery intervention group
(3-week perioperative 5-FU continuous obser-
vation of hepatic artery chemotherapy) and 186
cases of surgery alone group. The results
showed that, for the stage III patients, the pre-
operative intervention therapy can reduce the
postoperative recurrence rate by 60 % (95 % CI
0.24-0.64; P=0.0002), mortality rate 63 %
95% CI 0.21-0.67; P=0.0009), and liver
metastasis rate 62% (95% CI 0.22-0.66;
P=0.0005), but no effect for the metastasis of
other organs. There is no curative effect for the
stage II patients [16].

The General Surgery Department, Zhongshan
Hospital affiliated to Fudan University firstly car-
ried out the clinical study of prophylactic hepatic
and regional arterial infusion chemotherapy
(PHRAIC) in China and obtained the preliminary
results. The PHRAIC group of patients were
firstly subject to the prophylactic hepatic and
regional arterial infusion chemotherapy: infusion
of the fluorodeoxyuridine 500 mg, MMC 10 mg,
and oxaliplatin 50 mg, respectively, to the hepatic
artery and the major feeding arteries of the tumor;
after 7 days of chemotherapy, the patients
accepted the radical surgery of colorectal cancer;
the control group of patients were directly
accepted of the radical resection of colorectal
cancer. The results showed that in stage III
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patients, PHRAIC group was significantly better
than the control group in 3-year liver metastasis
rate (12.7 % vs. 28.3 %, P=0.001), 3-year tumor-
free survival rate (82.3 % vs. 58.7 %, P=0.0096),
overall survival rate (87.7% vs. 75.7%,
P=0.002), and median survival time (40.1 vs.
36.3 months, P=0.03). The preoperative inter-
vention would not increase the incidence of the
postoperative complications. These clinical
results were published in Annals of Surgery in
2007 (IF=7.678) [17]. For the patients of stage II,
there was no significant difference between the
two groups.

19.4 Application of Neoadjuvant
Regional Infusion
Chemotherapy (Intervention
Therapy) in the Stage lll
Colorectal Cancer

19.4.1 Method

Choose the regimen of fluorodeoxyuridine
(FUDR) + oxaliplatin + MMC of short half-life
and high proportion of first dose after interven-
tion infusion (>90 %).

19.4.1.1 Dose

Oxaliplatin 75 mg/m?
FUDR 650 mg/m?
MMC 8 mg/m?

19.4.1.2 Method

The femoral artery puncture (Seldinger method)
is adopted for the preoperative intervention. The
half dose of chemotherapy drug (FUDR + MMC
+ oxaliplatin) is injected to the major feeding
arteries through the superselective arterial cathe-
terization. And then the other half (FUDR +
MMC + oxaliplatin) is injected from the superse-
lective artery to the hepatic artery (Fig. 19.1).
After the surgery, the puncture site should be
compressed for 12 h, and the antibiotics, acid
inhibition, and liver protection infusion should be
carried out.
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Fig.19.1 Preoperative interventional chemotherapy. (a) Hepatic artery infusion chemotherapy; (b) rectal arterial infu-
sion chemotherapy; (¢) hepatic flexure cancer infusion chemotherapy

The oxaliplatin must be dissolved in 150-
200 ml of 5 % glucose solution; FUDR and mito-
mycin must be dissolved in 150-200 ml of
normal saline; the injection duration of each che-
motherapy drug should not be less than 15 min.

The design of the addition of platinum drugs
in the neoadjuvant chemotherapy is based on the
platinum drugs study. In 2004, Professor De
Gramont [18] reported the 3-year follow-up
results of MOSAIC study on the 2004 ASCO
Conference; 2,246 stage II (40%) or stage III
(60 %) of postoperative colon cancer patients
after radical surgery from 148 centers and 20
countries were enrolled and randomly divided

into two groups. The patients would be subject
to 5-FU/LV or FOLFOX4 chemotherapy every
2 weeks, 12 cycles in total. For the FOLFOX4
group, the 3-year disease-free survival (DFS)
was significantly superior to that of the 5-FU/LV
group (78.2% vs. 72.9%, HR 0.77, 95% CI
0.65-0.90), but no significant difference in over-
all survival rate. Professor De Gramont reported
the 6-year follow-up results of MOSAIC study
in the 2007 conference [19]: the stage III colon
cancer patients were subject to the chemother-
apy with FOLFOX4; the 6-year overall survival
rate was 72.9 %, while in the 5-FU/LV group, the
6-year overall survival rate was 68.3%
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(HR 0.80, 95 % CI 0.66-0.98), i.e., for the stage
III colorectal cancer patients, after receiving the
FOLFOX4 chemotherapy after radical surgery,
the relative risk of mortality can be dropped by
20 %. For the stage II patients, there is no signifi-
cant difference of the FOLFOX4 for the DFS or
overall survival rate.

19.4.2 Selection of Surgery Time
After Intervention

The selection of surgery time after intervention
chemotherapy depends on the onset time of che-
motherapy drugs. If the time is too short
(<4 days), the cytotoxicity of chemotherapy
drugs is not complete yet. If the time is too long
(>10 days), the necrotic tumor will regenerate the
neovasculature and tumor regeneration, and the
proliferating cell nuclear antigen (PCNA) will be
higher than that before treatment. Five to 9 days
after the intervention therapy, the tumor necrosis
is most significant, and the vascular microembo-
lization is most significant, suitable for surgery
[20, 21].

19.4.3 Safety Evaluation
of Preoperative Intervention

The preoperative intervention chemotherapy has
small trauma, which can be used in the patients as
long as the patients have no serious cardiopulmo-
nary dysfunction and no serious bleeding ten-
dency with normal liver functions. The main
toxic reactions are gastrointestinal reactions; a
few patients may have slight elevation of the total
bilirubin, alanine aminotransferase, or creatinine.
In addition, some patients have fever, mostly low
fever, which will generally occur 3 days after the
intervention surgery, possibly resulted from the
endogenous pyrogen generated from possible
tumor necrosis, particularly obvious for the
patients who undergo embolization of liver
metastasis. In addition, the vascular injury can be
caused by interventional operation. To prevent
the complications, repeating operations in the
artery should be avoided for intervention chemo-
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therapy; to avoid the vascular spasm and intimal
injury, the chemotherapy drugs should be diluted
and injected slowly; after treatment, appropri-
ately use some vasodilators.

After the preoperative intervention, the
patients’ hematopoietic mechanism and liver
functions are affected. The postoperative blood
system and liver function abnormality evaluation
indicators refer to the evaluation criteria of NCI
[22]. The grading is based on the serious item of
various indicators.
19.4.3.1 Impact of Preoperative
Intervention on the Liver
Functions
There are 256 cases in the intervention group and
253 cases in the control group enrolled in the
study of Zhongshan Hospital affiliated to Fudan
University. Before enrollment, the various indi-
cators of liver functions of the two groups of
patients (total bilirubin (TB), conjugated biliru-
bin (CB), alanine aminotransferase (ALT), aspar-
tate transaminase (AST), alkaline phosphatase
(ALP), and y-glutamyl GGT (y-GT)) have no
significant statistical difference.

In the intervention group, 7 days after the
intervention (before surgery), the proportions of
the abnormal liver function of grade 0, grades I-
Il, grade III, and grade IV were, respectively,
543% (139/256), 42.6% (109/256), 3.1%
(8/256), and 0, which could be improved through
drug treatment, and none of the cases were
affected thereby.

The grading of 7-day postoperative abnormal
liver functions of the intervention group and the
control groups, respectively, was shown in
Fig. 19.2. The proportion of grade I-III abnormal
liver function in the intervention group was as
high as 29.9 % (77/256), significantly higher than
11.9% (31/253) of the control group (y*=5.21,
P<0.05).
19.4.3.2 Impact of the Preoperative
Intervention
on the Hematopoietic
Functions
Before enrollment, there was no significant dif-
ference of the level of the blood routine test
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(including hemoglobin (Hgb), white blood cell
(WBC), and platelets (PIt)) between the two
groups.

Leukopenia The proportion of grades 0, I-II,
IIT, and I'V of leukopenia 7 days after intervention
(before surgery) in the intervention group were,
respectively, 56.2 % (144/256), 38.3 % (98/256),
5.5% (14/256), and 0. Their clinical symptoms
could be improved through medication, and none
of the cases thereby were affected for the surgery.
The grading of leukopenia in the 7 days after sur-
gery of the intervention group and the control
group was, respectively, shown in Fig. 19.2. In
the intervention group, the grade I-II leukopenia
was 24.5% (63/256), significantly higher than
5.7% (14/253) of the control group (y*=4.17,
P<0.05).

Anemia The proportion of grades 0, I-I1, III, and
IV of anemia 7 days after intervention (before sur-
gery) in the intervention group was, respectively,
14.5% (37/256),78.1 % (200/256), 7.4 % (19/256),
and 0. Their clinical symptoms could be improved
through medication, and none of the cases thereby
was affected for the surgery. The proportions of
grades O, I-1I, III, and IV of anemia 7 days after
surgery of the intervention group and the control
group were, respectively, 12.1 % (31/256), 13.4%
(34/253), 65.2% (167/256), 61.7% (156/253),
22.7% (58/256), 24.9% (63/253), and 0. There
was no significant statistical difference.

Thrombocytopenia The proportions of grades
0, I-IL, III, and IV of thrombocytopenia 7 days
after intervention (before surgery) in the interven-
tion group were, respectively, 80.5 % (206/256),
12.9% (33/256), 6.6% (17/256), and 0. Their
clinical symptoms can be improved through med-
ication, and none of the cases thereby were
affected for the surgery. The grading of thrombo-
cytopenia in the 7 days after surgery of the inter-
vention group and the control group was,
respectively, shown in Fig. 19.2. In the interven-
tion group, the grade I-II thrombocytopenia was
16.9 % (43/256), significantly higher than 3.8 %
(10/253) of the control group (y*=6.05, P<0.05).

19.4.3.3 Postoperative Complications
and Average Length of Stay

The incidences of postoperative complications in
the intervention group and the control group
were, respectively, 9.8% (25/256) and 8.3%
(21/253), and there was no significant statistical
difference (y>=1.86, P>0.05). The ratio of cases
of the poor wound healing, lung infection, anas-
tomotic fistula, and cardiac complications in the
intervention group and the control group was,
respectively, 12:10, 5:6, 2:1, and 6:4.

The total average length of stay in the interven-
tion group was 14.6+2.5 days and that of the con-
trol group was 7.6+ 1.8 days (¥*=4.05, P<0.05).
The length of stay after surgery in the PHRAIC
group was 7.9+3.1 days, compared with that of
the control group (6.5+1.9 days); there was no
statistical difference (¥*=3.01, P>0.05).
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Fig. 19.2 Comparison of the postoperative liver function, blood routine test, and platelet abnormalities of the seventh

day between the intervention group and the control group
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19.4.4 Impact of Preoperative
Intervention Chemotherapy
on the Tumor Proliferation
and Apoptosis

The interventional chemotherapy may function
through the following four aspects:

1. Induction of the apoptosis of tumor cells: after
interventional therapy, the apoptosis is a con-
tinuous process, at the peak 24 h after treat-
ment. With the increase of apoptotic cells,
tumor growth gradually slows down.

2. Inhibition of cell proliferation: in the period of
7-10 days after the intervention chemother-
apy, it has the most significant cell prolifera-
tion inhibition effect.

3. Promotion of the pathological necrosis of
tumors: the joint action of chemotherapy drug
itself, tumor cell apoptosis, and microembo-
lism of feeding blood vessels.

4. Inhibition of tumor angiogenesis: after inter-
vention chemotherapy, the microvessel count,
vascular endothelial growth factor (VEGF),

and platelet-derived growth factor expression
in endothelial cells in the tumor cells were
significantly decreased [21, 23-27].

Tumor Necrosis The individual pathologists
randomly selected five high-power microscope
fields of vision to evaluate the percentage of the
necrosis, which were divided into the following
five grades according to the average value: 0
(0-20%), + 21-40 %), ++ (41-60 %), +++ (61—
80 %), and ++++ (81-100 %).

There was no statistical difference for the per-
centage of the degree of necrosis of the patho-
logical specimens between the control group and
the PHRAIC group before intervention (P>0.05).
In the PHRAIC group, after intervention, the +++
in the pathological specimens accounted for
22.7%, and ++++ accounted for 13.5 %, com-
pared with the preoperative +++ (3.1%) and
++++ (0%); there was no statistical difference
(P<0.05, Table 19.2, Fig. 19.3).

Assessment of Positive Rates of Ki67, P16,
Bax, bcl-2, and Survivin The positive rate of

Table 19.2 Impact of PHRAIC on the tumor necrosis degree

0 + ++ +++ ++++
Control group (253) 52.2% (132) 26.5% (67) 21.3% (54) 0 (0) 0 (0)
Before intervention of 47.6 % (122) 30.5% (78) 18.8% (48) 3.1% (8) 0(0)
PHRAIC group (256) 21.1% (54) 27.0% (69) 15.6 % (40) 22.7% (58) 13.5% (35)
After intervention

There was no statistical difference of the degree of necrosis of the preoperative pathological specimens between the
control group and the PHRAIC group (P>0.05)

Fig. 19.3 Surgery of 7 days after the preoperative intervention chemotherapy. Large area of necrosis of primary tumor

(a) and large area of necrosis of lymph node metastasis (b)
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Ki67 was expressed by the labeling index, i.e.,
the average value of percentages of five high
magnification views of positive cells.

The positive rates of P16, Bax, bcl-2, and sur-
vivin were used to evaluate the percentage and
staining degree of the positive cells and scored by
the percentage of the positive cells among the
tumor cells — <5%, 0; 5-25%, 1; 26-50%, 2;
51-75%, 3; and >75%, 4 — and then scored
according to the staining degree of the positive
cells, negative 0, light yellow 1, brown yellow 2,
and brown 3, and finally the scores of both were
added. The score was evaluated for five times,
and the final result was the average value. <2,
negative (—); 2-3, weakly positive (+); 4-5, mod-
erately positive (++); and 6-7, strongly positive
(+++), of which —~+ as the low expression and
++~+++ as the overexpression.

Impact of PHRAIC on Tumor Proliferation
(Ki67) The Ki67 labeling index of pathological
specimens before intervention of the control
group and the PHRAIC group was, respectively,
52.6+21.5 and 48.6+17.1 (P>0.05). The Ki67
labeling index of pathological specimens after
intervention of the PHRAIC group was 38.4+13.3,
compared with that before intervention, with sig-
nificant statistical difference (P<0.05).

Impact of PHRAIC on Tumor Apoptosis (Bax,
P16, bcl-2, and Survivin) The overexpression
rates of P16 before and after intervention in the
control group and the PHRAIC group, respec-
tively, were 47.4 %, 41.4 %, and 42.6 % (P>0.05).
The overexpression rates of BAX, bcl-2, and sur-
vivin in the pathological specimens before inter-
vention in the control group and the PHRAIC
group, respectively, were 52.6% and 48.0 %,
72.0% and 75.0%, and 55.3% and 52.0%
(P>0.05); the overexpression rates of BAX, bcl-
2, and survivin in the pathological specimens
after intervention in the PHRAIC group were,
respectively, 77.0%, 43.0%, and 31.6 %, com-
pared with that before intervention; there was sta-
tistically significant difference (P <0.05).

J. Xuetal.

Judgment of the Apoptosis Index The positive
substance is located in the nucleus, stained yel-
low, and scattered in the cytoplasm. Five high-
power microscope fields of visions were
randomly selected, and the average value of the
percentage of the positive cells among the total
gland cells is the apoptosis index. The apoptosis
rates of the pathological specimens before inter-
vention for the control group and the PHRAIC
group were, respectively, 5.2+3.9% and
4.3+2.2% (P>0.05). The apoptosis rate of the
pathological specimens before intervention for
the PHRAIC group was 16.7+6.4 %, compared
with that before intervention; there was no statis-
tical difference (P<0.05). The ratios of GO-G1,
S, G2-M in the pathological specimens of the
control group were, respectively, 38.2+15.1 %,
42.2+9.3%, and 19.6+5.1 %, compared with the
ratios of GO-G1 (35.1£12.1%),S (42.1+11.2 %),
G2-M (21.8+9.7 %), with no statistical differ-
ence (P>0.05). In the PHRAIC group, the ratio
of the S stage of the pathological specimens after
invention was 21.8+10.7 %, significantly lower
than that before intervention (P <0.05); the ratio
of GO-G1 was 57.1+18.1%, higher than that
before intervention (P <0.05).

19.4.5 Influence of Preoperative
Intervention on the Survival
of Patients

19.4.5.1 Postoperative Liver

Metastasis and Other Distant

Metastases

Among the patients in the PHRAIC group, there

were 36 cases of liver metastasis, 7 cases of lung

metastasis, 2 cases of bone metastasis, and 7

cases of local recurrence, while in the control

group, there were 50 cases of liver metastasis, 7

cases of lung metastasis, 5 cases of bone metasta-

sis, 6 cases of local recurrence, and 3 cases of

supraclavicular lymph node metastasis; there was

statistical difference between them (P<0.01).
The 3-year liver metastasis rates in the

PHRAIC group and the control group were,

respectively, 10.0% and 19.2% (Fig. 19.4), and

the relative risk was 0.52 (95% CI 0.42-0.67,
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P=0.001), that is, the preoperative PHRAIC
therapy could reduce the risk of postoperative
liver metastasis by 48 %. Further analysis showed
that the postoperative liver metastasis rate has no
significant difference among the stage II patients
(P>0.05, Fig. 19.5), but has significant differ-
ence among the stage III patients (P<0.01,
Fig. 19.6). The 3-year liver metastasis rates in the
PHRAIC group and the control group were
12.7% and 28.3 %, respectively, and the relative
risk was 0.45 (95% CI 0.38-0.57, P=0.001), that
is, the preoperative PHRAIC treatment for the
stage III patients could reduce the risk of postop-
erative liver metastasis by 55%, as shown in
Table 19.3.

19.4.5.2 Disease-Free Survival

The disease-free survival is defined as no postop-
erative metastasis or recurrence. The 3-year
disease-free survival rates of the stage II patients
in the PHRAIC group and the control group
were, respectively, 89.4 % and 84.5 % (P>0.05),
and the 3-year disease-free survival rates of the

Survival time (month)

stage III patients in the PHRAIC group and the
control group were, respectively, 82.5% and
61.2 % (P<0.05); the relative risk was 0.44 (95 %
CI 0.23-0.67, P=0.03); that is, the preoperative
PHRAIC treatment of stage III patients can
reduce the risks of postoperative metastasis and
recurrence by 56 % (Figs. 19.7, 19.8, and 19.9).

19.4.5.3 Overall Survival Rate

The overall 3-year survival rates of the stage II
patients in the PHRAIC group and the control
group were, respectively, 92.0% and 90.0%
(P>0.05), while the overall 3-year survival rates
of the stage III patients in the PHRAIC group
were, respectively, 87.7% and 75.7 % (P<0.05,
Figs. 19.10, 19.11, and 19.12).

19.5 Prospect
In 2008, funded by the Clinical Key Subject

Program of the Ministry of Health (2007-2009),
the Zhongshan Hospital affiliated to Fudan
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Fig.19.5 The
postoperative 3-year liver
metastasis rate of stage II
patients (P=0.21)

Fig.19.6 The
postoperative 3-year liver
metastasis rate of stage II1
patients (P=0.04)
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Table 19.3 Influence of PHRAIC on survival
Stage II Stage 111
Intervention group Control group Intervention group Control group
Total 5-year survival rate | 91.3% 89.6 % 81.0% 60.4 %
Intermediate survival 63 58 45 40
term (months)
Metastasis and 15.6% (17) 14.5% (15) 26.3 % (39) 38.0% (57)
recurrence rate
Liver 7.4% (8) 8.7% (9) 18.9% (28) 27.3% (41)
Lung 2.8% (3) 1.9% (2) 2.7% (4) 3.3% (5)
Bone 1.8% (2) 1.0% (1) 0% (0) 2.7% (4)
Local recurrence 1.8% (2) 1.0% (1) 3.4% (5) 3.3% (5)
Other 1.8% (2) 1.9% (2) 1.3% (2) 1.4% (2)
Fig. 19.7 Disease-free 1.0 -
survival rate of stage II and
stage III patients (P=0.08) 9 -
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University (Party A), as the head, with the Ruijin
Hospital affiliated to Jiaotong University, the
Ninth People’s Hospital affiliated to Jiaotong
University, Second Hospital affiliated to
Zhejiang Medical University, First Hospital
affiliated to Nanjing University, etc., carried
out the multicenter, prospective, randomized

Survival time (month)

controlled study — “Study of preoperative inter-
vention chemotherapy of oxaliplatin in combina-
tion with oxygen floxuridine and mitomycin on
the prevention of postoperative liver metastasis
of colorectal cancer.” It is anticipated to provide
a basis for more accurate evaluation of the value
of the preoperative intervention.
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Establishment of Postoperative
Follow-Up and Database

20

of Colorectal Cancer

Desen Wan and Xiaojun Wu

The colorectal cancer is the most likely curable
and preventable gastrointestinal cancer. However,
the incidence and mortality rate of the colorectal
cancer are still soaring in the world. In 2007,
there are nearly 1.2 million new cases of colorec-
tal cancer worldwide, and 630,000 deaths,
respectively, increased by 27 and 28 % compared
with that in 2000, with an average increase of 3.9
and 4 % [1, 2]. In the recent four decades, there is
no significant improvement on the treatment, and
the prognosis improvement is also not ideal. The
postoperative survival rate in different countries
or regions, or even different places in the same
country, varies greatly and one of the important
reasons for that is implementation of follow-up.

20.1 Significance and Objective

of Postoperative Follow-Up

In the 1960s, Professor Xie Zhiguang ever
pointed out that special follow-up group should
be established for the establishment of South
China Tumor Hospital (the Affiliated Tumor
Hospital of Sun Yat-sen University); otherwise,
the hospital should not be opened. In foreign
countries, as early as the 1950s, follow-up of the
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tumor patients was proposed in Germany to mon-
itor the postoperative condition; early find the
recurrence, metastasis, and multiple primary
tumor; and enhance the probability of radical
surgery.

20.1.1 Significance and Necessity
of Postoperative Follow-Up
20.1.1.1 Early Detection
of Recurrence
and Metastasis
After Resection of Colorectal
Cancer
The recurrence or metastasis will occur in about
30-50% patients after the surgery of colorectal
cancer, particularly liver metastasis. In the pro-
cess of colorectal cancer diseases, about over half
of patients will have liver metastasis. Local recur-
rence of rectal cancer is quite common, McCall
et al. (1997) collected 52 papers in Western coun-
tries including 10,640 cases of rectal cancer, and
the postoperative local recurrence rate is 3-50 %
(median 18.5 %) [3]. The recurrence and metasta-
sis forms of colon and rectal cancers are also dif-
ferent; for the rectal cancer, the pelvic recurrence
is the first site, and its risk is twice as that of the
colon cancer (30% vs 15 %); for colon cancer,
liver metastasis is the first site, and its risk
compared with the rectal cancer is 36 % vs 25 %.
In addition, many clinical data concluded that
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80-90 % of postoperative recurrence after radical
resection of colorectal cancer is at the 2-3 years
after surgery and less than 5 % at 5 years later, and
the early recurrence period is generally indepen-
dent; if it can be completely resected, 35% of
them can be cured (including local recurrence,
liver metastases, lung metastases, etc.) [4]. It is
particularly important to be aware of this. After
we know that the high rate of metastasis and
recurrence of colorectal cancer patients within the
2-3 years after surgery and early discovery and
treatment of them, we can obtain better effects
and attach importance to the close follow-up
patients. Many prospective follow-up results
showed that the close follow-up can help to early
discovery of recurrence, with higher resection
success rate, lower 5-year mortality rate, and
higher 5-year survival rate. Andrew analyzed five
clinical trials with a total of 1,342 cases of
colorectal cancer. The discovery of recurrence of
the follow-up group was 8.5 months earlier than
that of the control group, and the isolated local
recurrence was higher [5]. Goldberg et al. reported
there were 548 cases of postoperative recurrence
of 1,247 cases of stage II or stage III colon cancer,
of which 109 cases underwent a second curative
resection, and the postoperative 5-year survival
rate was 23 %. Among the 109 cases, 77% of
them were discovered through the regular test of
serum CEA or CT scan [6]. Catells et al. reported
that among the 56 cases of recurrence of follow-
up, 18 cases can be resected (32.1 %), but among
the symptomatic treatment of 28 patients, only 3
cases can be resected (10.7%); in addition, the
mortality rate within 5 years for the patients of
regular follow-up was 31% and that of the patients
of no regular follow-up was 51 % [7].

Therefore, strengthening the follow-up can
help to discover the recurrence and metastasis
in the early stage and implement the early
re-excision and other treatments, so as to obtain
good curative effect.

20.1.1.2 Discovery of More MPCC

Since Czerny (1880) firstly reported the multiple
primary colorectal cancer (MPCC), there were
relevant reports and papers, which reported that
the MPCC was about 2—10 % among the colorec-
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tal cancer. The MPCC includes the synchronous
MPCC and asynchronous MPCC; the synchro-
nous MPCC mainly relies on the careful preop-
erative examination; asynchronous MPCC is
about 1-4 % among the colorectal cancer patients,
mainly relying on the postoperative follow-up.
According to the reports, the interval between the
first cancer and the second cancer is about
8.7 years; the longer the follow-up time, the more
the MPCC. We have discovered four times of
successive asynchronous MPCC (at different
sites), all of which could be cured. Except for the
multiple primary colorectal cancers, the extra-
colorectal cancer should also be noted. The
hereditary nonpolyposis colorectal cancer
(HNPCC) can be divided into two types: Lynch I
syndrome (also known as hereditary site-specific
colorectal cancer, non-intestinal tumor) and
Lynch II syndrome (also known as cancer family
syndrome, intestinal tumor). The incidence rates
of the synchronous MPCC and asynchronous
MPCC of the former were, respectively, 18.1 %
and 24.2 %, and for the latter, in addition to
colorectal cancer, there were tumors of other
organs, such as endometrial cancer, gastric can-
cer, small intestine, ureter, and renal pelvis can-
cer, ovarian cancer, brain tumors, etc. [8—10].

20.1.1.3 Timely Implementation
of Salvage Therapy

Almost all surgeons unanimously believe that the
reoperation should be carried out for the patients
of recurrence of colorectal cancer with better
results. The 5-year survival rate of liver metasta-
sis of colorectal cancer patients is as high as
25-58 %, and the 10-year survival rate is 22-26 %
[11]. The 5-year survival rate of patients’ resec-
tion of postoperative local recurrence of rectal
cancer is about 27 %, and if unresectable for
reoperation, the patients can be subject to high
dose (20 Gy) of brachytherapy or labeling and
external beam radiotherapy, to obtain the ease
effect. Rodriguez-Moranta et al. reported the pro-
spective multicenter randomized trial results and
strengthened follow-up to benefit the stage II rec-
tal cancer and all rectal cancer patients. The over-
all survival rate was higher than that of the control
group (ordinary follow-up); the reason is that the
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early discovery of recurrence has higher resec-
tion rate [12].
20.1.1.4 Improvement of Treatment
Methods
The insufficient resection of rectal cancer is the
main reason for the local recurrence. In the past,
people generally focused on whether the bowel
resection is sufficient. To meet 3—5 cm of safety
margin, many patients have to accept Miles sur-
gery, but actually after follow-up, it was discov-
ered that the postoperative recurrence rate
between Miles surgery and sphincter-preserving
Dixon surgery has no significant difference. The
British doctor Heald (1982) firstly discovered
that the mesorectum micrometastasis was exten-
sive than that of the intestinal wall expansion;
even if reverse expansion along the intestinal
wall is within 0.5 cm, the distal metastasis of
mesorectum micrometastasis can reach below
4 cm; therefore, he proposed to total mesorectal
excision (TME) of the middle and lower rectal
cancer, or at least the mesorectum 5 cm from the
tumor lower edge should be resected. The follow-
up results showed that the local recurrence rate of
rectal cancer according to the TME principle was
less than <10 %, far less than those patients who
were not subject to TME (p<0.0001), and the
5-year survival rate was relatively higher (71 %
vs 50%, p<0.0001) [3, 13]. The Dixon surgery
following TME principle can not only preserve
the sphincter but also reduce local recurrence,
obviously superior to the traditional Miles sur-
gery, which is from the obvious improvement of
the treatment method of the middle and lower
part of rectal cancer through a large number of
follow-up data.
20.1.1.5 Improving the Living Quality
of Patients
1. Psychological support to “reduce pressure”
for patients. From the discovery, diagnosis,
and treatment, the patients have suffered
anger, fear, worry, sadness, depression, and
pains, and they have great psychological pres-
sure in the cancer-fighting process. The fol-
low-up can allow them to feel delighted; warm
and strong support greatly reduce the mental
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pressure. Taking rectal cancer radical surgery
(Miles surgery) as an example, the patients
with the artificial anus will have no regular
defecation, and their sexual function is
impaired, so many patients are afraid to face
others, even their relatives and family mem-
bers. As early as 1985, the psychologist
Nordstrom believed that the colostomy would
produce great psychological effect on patients
more than the physiological effect, and 25 %
colostomy patients suffered from persistent
clinical depression, of which 5% was more
serious and even suicidal. Fortunately, the
colostomy patients have received people’s
attentions; in many places, the colostomy
patient club or association was organized, and
the colostomy therapist will offer assistance
and guidance. Since 1993, the first Saturday of
October every 3 years is set as the World
Ostomy Day, to arouse the whole society’s
attentions to the colostomy patients and allow
them to be more confident to communicate
with others [14, 15].

2. Discovery of the complications after treat-
ment and offering guidance. With the exten-
sion of the follow-up, many complications
after treatment such as hernia, prolapse, steno-
sis, and dermatitis will occur, with the inci-
dence rate as high as 21-71 %. The incidence
of incisional hernia within 5 years after sur-
gery is nearly 50 %; all these complications
will seriously affect the quality of life of the
patients; through follow-up and guidance, the
patients can be treated timely [15].

20.1.1.6 Evaluate the Treatment

Effect and the Medical Care

Quality
The most effective index for evaluation of treat-
ment of cancer is disease-free survival and over-
all survival. Therefore, the follow-up should be
strengthened in a planned way for treatment of
cancers. For instance, which method is the best
for treatment of colorectal liver metastases? Can
resection cure it? Recently, it was reported that
the 5-year survival rate after resection of colorec-
tal liver metastases is as high as 30% from a
large number of literatures [11]. Tomlinson et al.
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carried out a long-term continuous follow-up of
612 cases of patients with colorectal cancer liver
metastasis; among them, 34 % of patients with
5 years of survival were subject to tumor-related
death; and among the 102 cases of actual sur-
vival of 10 years or more, only one case had
disease-specific death. Therefore, we believe
that the 10 years of survival after the resection of
colorectal liver metastases can be regarded as
cured [16].

In recent years, through analysis on the cura-
tive effect of rectal cancer, including the local
recurrence rate, it was concluded that it was
associated with the technical level of the sur-
geons; generally the colorectal surgeons are
better than the nonspecialist physicians for the
colorectal surgery. Martling et al. reported that
the postoperative recurrence rate of rectal can-
cer of patients whose surgery was conducted by
a TME-trained colorectal surgeon reduced by
50% [17]. In addition to the trained surgeons,
the hospital size and number of surgery will
also affect the technological level of surgeon
and the postoperative recurrence rate of the rec-
tal cancer [18, 19]. There have been two reports
on the comparison of the surgical quality of the
colorectal surgeons and general surgeons. In
Swedish Ersta hospital, 18 general surgeons
conducted radical surgery of rectal cancer for
72 patients and 52 % of them need the colos-
tomy (the local recurrence rate of 18 %, the
lowest anastomosis level of 8 cm), while two
colorectal surgeons conducted radical surgery
of rectal cancer for 180 patients and 33 % of
them need the colostomy (the local recurrence
rate of 3%, the lowest anastomosis level of
4 cm). In Spain Valencia hospital, 14 general
surgeons conducted radical surgery of rectal
cancer for 94 patients, of which 25.8% had
Miles surgery, with the local recurrence rate
30% and 5-year survival rate of 61 %; after
trained, four colorectal surgeons conducted sur-
gery of rectal cancer for 108 patients, of which
only 16.7 % had Miles surgery, with the local
recurrence rate 9 %and S-year survival rate of
87 % [20].

As shown above, the close follow-up can help
to evaluate the effect of the treatment method,
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which provides criterion for the selection of
treatment method and for the elevation of
medical quality and technological level of the
hospitals and physicians.

20.1.2 Purpose of Postoperative
Follow-Up

Through understanding of the significance and
necessity of the postoperative follow-up of
colorectal cancer, we can understand its purpose,
summarized as follows:

(i) Early discovery of recurrence and metasta-
sis for early re-excision.

(i1) Discover the asynchronous MPCC and treat

it in the early period.

Identify and deal with various complica-

tions during treatment, such as postopera-

tive intestinal obstruction, side effects of

chemotherapy, radiation enteritis, incisional

hernia, stoma complications, etc.

Give patient care, psychological support

treatment, to better ensure the quality of life

of patients.

Evaluate the treatment effect and quality of

medical care, sum up experience, and learn

lessons.

Track the family members through follow-

up and discover familial genetic diseases.

(iii)

(iv)

(v)

(vi)

20.2 Postoperative Follow-Up
Method of Colorectal Cancer

There are three ways for follow-up: one is fol-
low-up clinic (the patients regularly come to the
hospital for outpatient visit); second is petition
letter, by letters, e-mail, telephone and fax, etc.;
third is periodic meeting (the physician orga-
nizes 10-20 patients to have an informal discus-
sion to understand the patient’s feeling and
reactions to the treatment method, seek their
opinions on the hospital and medical staff, etc.).
However, all of the follow-up must be recorded
in the medical records and archived in the fol-
low-up column of the database.
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The postoperative follow-up methods include
medical history, physical examination, laboratory
examination, fiber colonoscopy and imaging
examination, and so on.

20.2.1 Medical History and Physical
Examination

The postoperative recurrence and metastasis of
colorectal cancer are often accompanied by clini-
cal symptoms, possibly some nonspecific symp-
toms such as weight loss, whole body discomfort,
fatigue, night sweats, and so on; local symptoms
such as pain in the right upper abdomen (liver
metastasis), perineal pain (pelvic recurrence),
and blood in the stool (anastomotic recurrence or
multiple primary carcinoma); or other symptoms
such as unilateral edema of lower extremities
(deep vein thrombosis), chest pain and cough
(lung metastasis), claudication (bone metastasis),
and so on. Clinicians must be patient to listen to
the patient’s chief complaints, carefully analyze
his/her symptoms, and carefully conduct body
check. The anal digital rectal examination must
be included in the routine examination item. The
detailed inquiry of medical history and careful
physical examination are the most basic methods
for early discovery of recurrence and metastasis.

20.2.2 Laboratory Examination

20.2.2.1 Fecal Occult Blood Test, FOBT
FOBT is convenient and economical, which have
great value for the discovery of the colorectal can-
cer, but it is of little value for the recurrent cases,
and its positive rate is only about 10 % [21].

20.2.2.2 Liver Function Test

Liver is the most common site for the metastasis
of colorectal cancer. As early as 1940, Gutman
reported that ALP is the best and noninvasion
indicator for the judgment of liver metastasis, and
its sensitivity is 77 %, but the false-positive rate is
also as high as 34 % and false negative of 4 %.
The ALP combined with serum carcinoembry-
onic antigen (CEA) detection can enhance the

275

sensitivity to 88 % and reduce the false-positive
rate to 12 %. In the follow-up, it can be used as a
screening indicator [21].

20.2.2.3 Tumor Marker

CEA (carcinoembryonic antigen) can be expressed
in a variety of human epithelial tissues, endoderm-
derived tissues and related diseases, but highest
expression in the colorectal cancer and the positive
rate varied 60-90 % [22, 23]. The serum CEA
level of 245 cases of colorectal cancer in Cancer
Hospital, Sun Yat-sen University, in 2002
increased by 42% (=5 ng/ml), respectively,
27.9%, 36.0%, 39.3 %, and 85% in Dukes A-D
stages. Therefore, about over half of patients, par-
ticularly at the early stage of diseases, have no
increase in serum CEA. As early as 1977, the
International CEA Association proposed that the
serum CEA cannot be used as an early diagnosis
indicator of tumor, but it has considerable value
for the prediction of prognosis, efficacy monitor-
ing, and postoperative recurrence and metastasis.
For instance, if the CEA is higher before treatment
and decreases after treatment, it shows that the
treatment is effective, otherwise, not effective.
According to the reports, if the CEA half-life is
8.6+3.4 days after colon cancer surgery, there is
fewer postoperative recurrence and metastasis,
and if the CEA half-life exceeds 23.7 days, there is
very high opportunity of postoperative recurrence
and metastasis; the postoperative-elevated CEA
level suggests the possible recurrence or metasta-
sis, and further examination is required.

Other tumor markers such as tissue polypep-
tide antigen (TPA), carbohydrate antigen CA19-
9, tumor-associated glycoproteins TAG-72,
CA50, CA724, CA242, etc. have no advantages
compared with CEA. But if tested by CEA com-
bined with CA199 and TAG-72, the positive rate
can be increased to 84 % [24].

20.2.3 Fiber Colonoscopy

The fiber colonoscopy has two functions in the
postoperative follow-up of colorectal cancer:
(1) confirm the tumor recurrence (especially
anastomotic recurrence) and (2) discover the
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metachronous colorectal neoplasms, including
the benign and malignant neoplasms. However,
since most recurrence starts from the outer
enteric cavity, the colonoscopy, as a means of
detection of recurrence, is not sensitive.
According to most reports, only 3—4 % patients
can obtain the first evidence of recurrence
through colonoscopy, and Audisio reported it
was no more than 1%. In addition, the inci-
dence of metachronous colorectal carcinoma
after surgery is about 0.6-9 %, and the colo-
noscopy detection rate is 0.2-3.1 % [25]. There
is at least 5 years from adenoma to cancer
(generally 10-15 years) [26]; for the patients
who are subject to radical resection, the patho-
logical data of tumor are not likely to be avail-
able in the first 3 years after resection through
the colonoscopy; however, in the follow-up of
4 years, more than 14 % of patients can be dis-
covered of adenomas every year, so most phy-
sicians prefer the colonoscopy. But according
to the study of Andrew, regardless of the fre-
quency of colonoscopy, recurrence and meta-
chronous cancer can be discovered only in a
minority of them.

20.2.4 Imaging

Most of postoperative metastasis and recurrence
of colorectal cancer happen outside the enteric
cavity; therefore, the follow-up imaging is par-
ticularly important.

20.2.4.1 X-Ray Examination

The chest X-ray can be used to detect the asymp-
tomatic lung lesions; further slices or chest CT
examination can help to diagnose or discover the
multiple lesions. For the patients of postoperative
lung metastasis of colorectal cancer, the postop-
erative 5-year survival rate after resection can be
up to 21-64 % [27, 28].

The barium enema, as the colonoscopy, is
mainly used to detect the lesion recurrence and
metachronous colorectal neoplasms in the intes-
tine (multiple primary cancers or adenoma) for
orientation effect. The air-barium double-contrast
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examination can help to observe the lesions of
1 cm in diameter, which is superior to the colo-
noscopy for the observation of lesions of the right
half colon and outside of the intestines, but the
pathological tissues cannot be available.

20.2.4.2 Scanning

Ultrasound (US), CT, and MRI

The scanning can help to obtain the data of
local recurrence and distant metastasis in the
follow-up. More information of the inside and
outside of the intestinal walls, liver, pelvic, and
retroperitoneal lymph node can be available
through US, and the recurrence and metastasis
of one half of patients can be discovered
through US examination. The special probes
can be used to guide puncture to obtain the
pathological data. The rectal ultrasound can
accurately detect the local recurrence of lesions.
There is no great difference in the sensitivity
and accuracy for the discovery of recurrent
lesions through the techniques of US, CT, and
MRI, but the latter both are more sensitive to
the pelvic lesions; MRI is superior for the
detection of the lesion depth and length.

Monoclonal Antibody Imaging or
Radioimmunoscintigraphy (RIS), Positron
Emission Tomography (PET), and Positron
Emission Computed Tomography (CT-PET)
The main difficulty for US, CT, and MRI used in
the diagnosis of local recurrence is unable to
identify the postoperative change (such as forma-
tion of fibrous scar) or a tumor recurrence, while
RIS, PET, and CT-PET can identify the scar tis-
sue and malignant tissue from the functional or
metabolic differences and, moreover, understand
the metastasis conditions of the whole body. The
monoclonal antibodies, including TAG-72 or
B72-3 antigens for colon, ovarian, and breast cell
surfaces and the CEA antigens of colon cancer
expression, are labeled by indium ('''In), iodine
(1%1), or #Te isotopes, which have more precise
positioning effect on the small lesions, particu-
larly for the positioning of the occult recurrent
metastasis of lesions.
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New Techniques

The up-to-date CT virtual colonoscopy (CTVC)
and magnetic resonance virtual colonoscopy
(MRVC) are exciting new techniques, which com-
bine CT, MRI, and advanced imaging software to
produce the 3D (three-dimensional) and 2D (two-
dimensional) images of the colons to form the
simulation images of the enteric cavity and the
images of the intestinal canal, combination with
the cross-sectional image, and thus diagnosed.
From multiple perspectives, the overall observed
lesions, combined with internal and external sur-
face reconstruction and cross-sectional images,
the bowel wall thickening, swollen lymph nodes,
intestinal fat, pelvic wall invasions, etc. can be
observed. Although there are many advantages,
these techniques are expensive, which are difficult
to be applied in the regular follow-up.

20.3 Evaluation of Postoperative
Follow-Up of Colorectal
Cancer

20.3.1 Study of Follow-Up Plan

Since the 1990s, there are great differences on
strengthening the follow-up strategy after radical
surgery of colorectal cancer. Generally it is
believed that the active follow-up is conducive to
the early diagnosis of recurrence, metastasis, or
metachronous cancer (second primary cancer)
and increase the resection rate to enhance the sur-
vival, and the necessity of the follow-up is also
questioned, “no evidence” or “not worth it”’; from
the perspective of efficacy and costs, the imple-
mentation of follow-up is of controversy.

20.3.1.1 Follow-Up and Recurrence
Most studies showed that there was no difference
of the recurrence between the follow-up group
and non-follow-up group, and between the inten-
sive follow-up group and controlled follow-up
group.

Andrew [5] conducted a meta-analysis of five
groups of clinical trials [29-33] (Table 20.1),
1,342 patients in total, and discovered that there
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was no difference of the recurrence rate of all
sites between the intensive group and the con-
trolled follow-up group: the intensive follow-up
group 212/666 (32%) and the control group
224/676 (33 %). However, the recurrent time was
8.5 months earlier than that of the intensive fol-
low-up group (Table 20.2). The intensive follow-
up was closely associated with the discovery of
the isolated local recurrence.

Since the diagnostic examination methods
for follow-up of all clinical trials are different,
i.e., CT or frequent serum detection method
CEA or both of them, they possibly have greater
impact on the improvement of the survival of
the patients with colorectal cancer compared
with the direct examination of mucosal lesions
(such as colonoscopy) strategy for the early
detection of recurrence outside the mucosa (i.e.,
local pelvic recurrence and isolated liver metas-
tases). The results of subgroup analysis are
consistent.

20.3.1.2 Follow-Up and Survival Rate
Whether the intensive follow-up can improve
the survival rate of the patients with colorectal
cancer is controversial. Sugarbaker et al. [34]
and Safi and Beyer [35] strongly supported that
the intensive follow-up and early intervention
can reduce the number of deaths of patients.
Cochrane et al. [36] and Ballantyne et al. [37]
questioned about the value of the follow-up. But
they are not proven by randomized clinical tri-
als. Until 1994, Bruinvels et al. [38, 39] pro-
vided rational data through meta-analysis of
seven nonrandomized studies (more than 3,000
cases). The study showed that in the intensive
follow-up group, there were more cases of
asymptomatic recurrence and re-resection, but
there was no difference in the survival rate
between the two groups. But in the test includ-
ing carcinoembryonic antigen (CEA) analysis,
the 5-year survival rate in the intensive follow-
up group increased by 9 %, and the author was
cautious to explain these data and believed there
may be deviation in values. Some studies [40,
41] showed that the intensive follow-up was
ineffective and costly.
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Table 20.1 Five randomized controlled trials of intensive follow-up after radical resection of colorectal cancer

Number of Test items and frequency of the | Test items and frequency
Author Year cases intensive follow-up group of the control group
Makela et al. 1995 106 Visit one time every 3 months Visit one time every
for the first 2 years and then 3 months for the first
one time every 6 months later: | 2 years and then one time
examine the body, whole blood, | every 6 months later:
fecal occult blood test (FOBT), |examine the body, whole
CEA level, and chest X-ray blood, fecal occult blood
film. Colonoscopy every year, test (FOBT), CEA level,
sigmoidoscope examination and chest X-ray film.
every 3 months for the sigmoid | Barium enema every
colon and rectal cancer year. Rigid
patients, and liver ultrasound sigmoidoscope
every 6 months. All the patients | examination every
will be followed up for 5 years | 3 months for the rectal
cancer patients. All
patients were followed up
for 5 years
Ohlsson et al. 1995 107 Visit one time every 3 months No systematic follow-up.
for the first 2 years and then Guide the patient to leave
one time every 6 months later: | the specimens for fecal
examine the body, rigid occult blood test every
sigmoidoscopy, liver function 3 months at the first
tests, fecal occult blood test 2 years, once every year.
(FOBT), CEA level, and chest all the records of patients
X-ray film. Colonoscopy at the | will be kept for 5 years
third, fifth, 30th, and 60th
months; CT examination in the
third, sixth, 12th, 18th, and
24th months; all patients were
followed up for 5 years
Schoemaker et al. 1998 325 Visit one time every 3 months Visit one time every
for the first 2 years and then 3 months for the first
one time every 6 months later: | 2 years and then one time
examine the body, whole blood, |every 6 months later
liver function, fecal occult within 5 years: examine
blood test II. Annual chest the body, whole blood,
X-ray inspection and liver liver function, fecal
CT. Colonoscopy every year occult blood test (FOBT).
The CEA test, but not used to | The CEA test, but not
start further examination. 94 % | used to start further
of the patients were followed | €xamination. 94 % of the
up for 5 years patients were followed up
for 5 years
Pietra et al. 1998 207 Visit one time every 3 months Visit one time every

for the first 2 years and then
one time every 6 months in the
following 3 years and then once
every year; physical
examination, liver ultrasound,
and CEA level. Annual chest
X-ray inspection and CT and
colonoscopy. All patients were
followed up for 5 years

6 months for the first year
and then one time every
year: physical
examination, liver
ultrasound, CEA level.
Annual chest X-ray
inspection and
colonoscopy. All patients
were followed up for

5 years

(continued)
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Table 20.1 (continued)

Number of Test items and frequency of the | Test items and frequency
Author Year cases intensive follow-up group of the control group
Kjeldsen et al. 1997 597 Psychical examination, digital | Psychical examination,

rectal examination,
gynecological examination,
occult blood test II, whole
blood, ESR, liver function,
chest X-ray, colonoscopy; visit
one time every 6 months for the
first 3 years and then one time
every 12 months in the
following 2 years and then once
every year; 79 % of the patients

gynecological

liver function, chest

up for 5 years

digital rectal examination,

examination, occult blood
test I, whole blood, ESR,

X-ray, colonoscopy in the
fifth and tenth years. 73 %
of patients were followed

were followed up for 5 years

Table 20.2 The average time of initial recurrence of the
colorectal cancer patients in the intensive follow-up group
and the control group (months)

Intensive

follow-up | Control
Researcher Year group group
Makela et al. 1995 10.0 15.0
Ohlsson et al. 1995 20.4 24.0
Schoemaker et al. 1998 - -
Pietra et al. 1998 10.3 20.2
Kjeldsen et al. 1997 17.7 26.5

Northover et al. [42] randomly divided the
patients after radical surgery into the intensive
follow-up group and the control group and tested
the CEA. In the intensive follow-up group, if the
CEA level is elevated, further observation should
be conducted; and after an appropriate period,
patients should receive another examination.
Through the preliminary analysis, there was no
difference of the survival rate between two groups.

The studies conducted by Makela et al. [29],
Ohlsson et al. [30], Schoemaker et al. [31], and
Kjeldsen et al. [33], respectively, showed that the
recurrence rate between the two groups was simi-
lar. The tumor recurrence in the intensive follow-
up group was 9 months earlier on average, and
more patients underwent the secondary radical
surgery; but there was no difference of the overall
survival rate or tumor-related survival rate
between the two groups.

But Andrew et al. concluded that the intensive
follow-up can improve the 5-year survival rate
after systematic review and meta-analysis on the

five groups of randomized clinical trials, although
the past clinical trials cannot determined that due
to too small samples. They believed that the mor-
tality of patients with the modern follow-up pro-
gram (including CT or regular serum CEA or
both for the detection of recurrence outside of the
mucous membrane, i.e., local pelvic recurrence
and isolated liver metastasis) was absolutely
decreased by 9-13 % compared with the direct
examination of mucosal lesions (such as the use
of colonoscopy). In contrast, this improvement is
more beneficial to the patients of adjuvant che-
motherapy in the stage of Dukes C that reduces
the mortality rate of 5%, and it is applicable to
different stages of colorectal cancer.

As early as 1999, Howell et al. [43] also
believed that the tests conducted by Makela et al.,
Ohlsson et al., and Schoemaker et al. may be
based on a wrong premise, that is, the intensive
follow-up can discover the recurrent tumor in the
following radical surgery. However, the above
tests showed that although the intensive follow-
up can help to observe more asymptomatic recur-
rence and has more opportunities for surgical
resection, there was no difference in the survival
rate or the tumor-related survival rate. Howell
et al. suggested that since the most frequent part
of recurrence and metastasis of the colorectal
cancer is the liver, it is necessary to strengthen
the follow-up of the liver imaging in the first
3 years in addition to the observation of the local
and regional recurrences, so as to discover the
effective liver metastasis that can be resected and
chemotherapy, to enhance the survival rate.
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Therefore, the multidisciplinary treatment of
colorectal cancer is strengthened at present,
including extensive application of liver resection,
the pelvic exenteration for the pelvic cavity
recurrence, and the combined therapy for the
advanced diseases. All these methods will affect
the survival, and on the basis of them, it is more
beneficial to strengthen the follow-up.

20.3.2 Develop the Follow-Up
Program

The development of the follow-up program of
the colorectal cancer patients should be based
on the staging, prognosis factors, and whether
or not accept postoperative auxiliary treatment.
The frequent follow-up will not only waste the
medical resources but also increase the psycho-
logical burden of patients. So what kind of
follow-up is useful?

20.3.2.1 Basis for the Development

of the Follow-Up Program

To develop an ideal follow-up plan for the
colorectal cancer patients, the physicians shall
be aware of (1) which type(s) of colorectal can-
cer patients are mostly likely to occur recur-
rence and metastasis, (2) which period that
these patients are most likely to occur recur-
rence and metastasis, and (3) the most likely
sites for recurrence and metastasis (see the rel-
evant chapters).

Second, it is required to identify the follow-
ing: (1) Can the local recurrence and early dis-
covery of metastasis increase the probability
of cure (this has been confirmed from the
above)? (2) Can the treatment after the follow-
up reduce the colorectal cancer mortality or
overall mortality? (3) Which kind of examina-
tion method is required to achieve the above
purpose? Is the costs and efficiency reason-
able? (4) To answer the above questions, how
does one determine the moral baseline for the
design of the control group, particularly under
the conditions that the current studies support
to improve the living through intensive
follow-up?
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20.3.2.2 The Development

of the Follow-Up Plan
The development of the follow-up plan is easily
affected by the individual subjective thinking.
Kievet and Bruinvels [4] proposed four condi-
tions for the practicality of routine follow-up:

1. At least some lesions can be limited and of
curative treatment. The recurrence process
includes no lesions observed, subclinical
lesions that can be observed, curable symp-
toms, palliative resection, and unresectable
lesions. But the recurrence of curable colorec-
tal cancer is not usually a time-dependent
process.

2. The follow-up should be able to discover the
curable recurrence and, under the ideal situa-
tion, do not wait until the incurable stage.

3. Follow-up should help to improve life expec-
tancy and have more curable resection. The
follow-up should not produce worthless find-
ings that are incurable, do not improve the
mortality rate, and are false-positive results by
the re-surgery.

4. Cost-efficiency ratio should be of assistance
for the adjustment of the conventional follow-
up methods.

The development of the most effective follow-
up plan should refer to a large number of litera-
tures and be based on the multicenter randomized
controlled clinical trials. The follow-up contents,
intensity, costs, etc., should be described in
details, and different results should be compared
to obtain the best follow-up plan, but the benefits
from the follow-up and excessive unnecessary
financial burden of patients should be avoided.

20.3.2.3 Establishment
of the Follow-Up Frequency
and System
After the initial treatment of colorectal cancer,
the discovery of the recurrence through the fol-
low-up still lacks of sufficient and ideal proofs.
To obtain follow-up, the efficiency results of
effective plan, different methods and intensities,
and the multicenter randomized clinical trials
should be conducted.
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In the early period of postoperative follow-up
of colorectal cancer, it is necessary to focus on
the postoperative rehabilitation and further treat-
ment plan (including possible adjuvant therapy
and stoma treatment), and at this time, patients
should receive spiritual comfort and practical
medical support. For the patients of colorectal
cancer, the importance of the psychological fac-
tors remains unclear. But for the patients who
underwent Miles and pelvic resection, the accep-
tance of the artificial anus or urethrostomy will
affect the effect of further treatment; at this time,
the psychological support is absolutely vital.
Besides, the patients should receive the knowl-
edge about the symptoms associated with the
tumor recurrence so that they can be treated at the
time of relevant symptoms. The patients should
also be aware that the risk of recurrence will rap-
idly drop 2 years after treatment and very small
5 years after treatment; in this way, the patients
are comforted in the mind and minimize their
psychological pressure.

The implementation of the follow-up work
should be completed by the physicians and
patients. The doctors are obliged to remind the
patients of reexamination, and the patient’s com-
pliance is also very important. In the early post-
operative period, since they need further
treatment, most patients can observe the follow-
up, but as the time passes, some patients will be
slack, not pay attention, and believe to be good;
at this time, it is necessary to remind and urge the
patients to visit timely. The establishment of the
follow-up system is crucial. We are now at an
information age; the large hospitals at the prov-
inces and cities have implemented the informa-
tion management on the cases, which lays
foundation for the establishment of the follow-up
system. The follow-up group should determine
whether or not to remind the patients of visit
according to the operation time and the last visit
time recorded on the cases database through the
most effective means — mail, e-mail, and
telephone.

Although the most effective follow-up plan
has not been established or not unified, we sug-
gest regular follow-up of the patients of colorec-
tal cancer who underwent radical surgery. The

recommended follow-up program by referring to
NCCN Colorectal Clinical Practice Guidelines
(first edition 2009) and clinical practice guide-
lines developed by Professional Committee of
China’s Colorectal Cancer (in print) are as fol-
lows: @ follow-up once every 3—-6 months in
2 years after surgery, then once every 6 months,
and then once every year after 5 years. Particularly
the first time of follow-up should be within the
3 months after the surgery, so that there are com-
parative data for the future follow-up. The items
for follow-up include the medical history;
detailed physical examination; serum CEA;
blood routine examination; liver function test;
fecal occult blood test; chest X-ray examination
and the liver, retroperitoneal lymph nodes, and
pelvic B-ultrasound scanning. @ One time of
fiber colonoscopy within 1 year after the surgery
to discover the metachronous multiple primary
neoplasms and anastomotic recurrence. If the
preoperative fiber-optic colonoscopy and barium
enema examination are not conducted, select one
of them for examination in 6 months after sur-
gery. If there is any abnormality, recheck within
1 year, and if no abnormality is discovered,
recheck within 3 years and then recheck once in
the future every 5 years. ® One time of CT exam-
ination, 5 years in total. @ For patients who
receive postoperative adjuvant chemotherapy, the
examination of CEA and liver and kidney func-
tions should be conducted one time every 1 or
2 months. If any abnormality is discovered in the
follow-up, implement detailed examination to
discover the recurrence and metastasis lesions in
the early stage. The check of the blood cell count
should be more regular, and for the patients of
DPD enzyme deficiency or applied with bone
marrow suppression drugs, check at least once
every week.

20.4 Establishment of Database
of Colorectal Cancer

Currently China has not established a sound and
unified cancer statistical system, and it is diffi-
cult to obtain the latest and accurate data for
the colorectal cancer incidence and mortality,
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diagnosis, treatment, and prognosis. The estab-
lishment and improvement of the national
colorectal cancer registration system, further
monitoring of the colorectal cancer progress,
and dynamic observation of the treatment and
prevention results can provide timely feedback
for the prevention, screening, and treatment of
colorectal cancer and lay a foundation of the
development of the prevention and treatment
strategies of colorectal cancer.

The two elements for the establishment of the
database of colorectal cancer are contents and the
software, both of which are important. The soft-
ware is the “framework” and the contents are the
“fresh.” The database will be useless if it lacks
any one of them. The contents should be accurate
and detailed, and the software should be easy to
learn and operate, to meet the remote input.
Besides, after the database is output, they can
directly be converted to SPSS, SAS, and other
statistical software. We here give a brief descrip-
tion of the database of colorectal cancer. The
contents include the basic information and the
follow-up information data.

20.4.1 Basic Information Data

The basic data should be the information for the
first time of diagnosis, generally including the
basic information of patients, symptoms and signs,
laboratory tests, imaging studies, complications,
accompanied diseases, treatment program, opera-
tion conditions and pathological staging, etc.

20.4.1.1 Basic Information of Patients
Name, sex, age, date of birth (or ID number),
address, zip code, telephone number, hospital
number, pathology number, admission date, dis-
charge date, length of hospital stay, and surgery
date are the basic information, which are for the
data classification and query and for providing
the contact information for follow-up.

The blood type, blood transfusion, and surgi-
cal blood transfusion are the factors that affect
the prognosis. The family history is essential for
the statistics of hereditary colorectal cancer.
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20.4.1.2 Information of Symptoms

and Signs

These information of symptoms and signs are
necessary for the database: the length of the
course of disease, first symptom, tumor location,
the distance of tumor lower margin from anal
edge, rectal tumor location, the total lumen
perimeter of rectal tumor, maximum diameter of
tumor, whether there is intestinal obstruction,
intestinal perforation, severe anemia (Hb
<90 g/L), and other complications.

20.4.1.3 Information of Laboratory

Test

Preoperative and postoperative tumor markers
CEA, CA19-9 test, are the most important, which
are associated with the postoperative efficacy and
monitoring of the recurrence and metastasis.
Where permitted, the examination of the bile of
preoperative duodenoscopy or intraoperative
puncture of common bile duct for check of CEA
is helpful for the judgment of the liver metastasis.
For the immune system, including cellular and
humoral immune functions, generally check the
T-lymphocyte subsets and IgA, IgG, and
IgM. The testing of DPD and TP enzymes is
helpful to remind the drug dose during the
chemotherapy period and observe the side effect
closely.

20.4.1.4 Imaging

Actually the basis for the preoperative localiza-
tion and staging, especially judgment of the
tumor level and infiltration, ranges through endo-
scopic ultrasound, endosonography, CT, and
MRI. It is recommended before and after treat-
ment, especially before and after concurrent
chemoradiotherapy, to test all the items to
compare the curative effect.

20.4.1.5 Accompanied Diseases

Diabetes, heart disease, and high blood pressure
are the common accompanied diseases of colorec-
tal cancer. The treatment of them is directly associ-
ated with the selection of the curative means and
the success of surgery. The incidence of the mul-
tiple primary cancer is also increasing.
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20.4.1.6 Treatment Protocol

The main means for colorectal cancer is surgery.
The registration of the patient is of significance
for the prognosis. The specific preoperative and
postoperative  chemoradiotherapy  protocol
should be recorded. The biological treatment is
the supplement of the three treatment programs,
which cannot be missed. The specific items of
surgery include the nature of surgery, tumor con-
dition in surgery, metastasis condition, surgical
method, operative mortality, and whether or not
to use the anastomat, anti-adhesive, and intraop-
erative chemotherapy technique. Of which, the
location of the rectal cancer is closely associated
with the T staging.

20.4.1.7 Staging of Pathological
Tissues

Staging of pathological tissues usually records
the tumor type, histological type, tumor grade,
bowel wall infiltration, lymph node metastasis
(number of inspection/ metastasis), Dukes stag-
ing, and TNM staging. The distance between the
lower tumor margins to the distant cutting edge
(dentate line for the Miles’ surgery) must be
recorded, especially for the rectal cancer below
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the peritoneal fold. The status of these biomark-
ers should also be recorded, including the tissues
ER, PR, CEA, p53, PCNA, c-erbB2/neu, K-ras,
maspin, Ck19, Ck20, osteopontin, PRL3, SNC,
nm?23, etc., of which the ER, PR, c-erbB2/neu,
and K-ras have been confirmed to be of great help
for the selection of the treatment.

20.4.2 Follow-Up Information Data

They provide data for the survival rate, disease-
free survival rate, and the treatment program
and efficacy after metastasis and recurrence.
They are preferred to register according to the
follow-up interval, including the follow-up
time, signs and symptoms, examination items,
whether or not there is recurrence and metasta-
sis, date of recurrence and metastasis, basis for
postoperative metastasis and recurrence, loca-
tions of metastasis and recurrence and solution,
and outcome (cause of death). Pay attention to
the registration of the postoperative complica-
tions. The stoma complications are more com-
mon, which directly affect the quality of life of
patients.
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Annex: Registration Form of Database Information of Colorectal Cancer

(i) Basic Information

Name: H: Hospitalization No. P: Pathological No.
Address: Zip code:_ Tel:

Family history: HNPCC: _ FAP:

( )Nx: Sex Male = 0, female = 1 ( ) Nx:age (years)

() Nx: Date of birth : ID number: __

( )BG: blood group A=1B=2AB=30=4
Nx: Hospital blood transfusion __ ml Nx: Blood transfusion for operation _ ml
Nx: Admission date __day__ month__ year Nx: Date of discharge __day__ month__ year
Nx: length of hospital stay____ Nx: Date of operation __day__  month__ year
() Nx: Time for resection of colorectal tumor __
() Nx: course of disease __months, 1 month orless =1, unknown=0

() Nx: first symptom Mucus bloody stool = 1, abdominal pain = 2, change in bowel habits
(frequent, constipation, diarrhea, alternative diarrhea and constipation) = 3,  thinner defecation =
4, abdominal mass = 5, anemia = 6, other = 7, asymptomatic (physical examination found) =0

() Nx: Tumor location ileocecal site = 1, appendix = 2, ascending colon = 3, hepatic flexure
colon =4, transverse colon =5, splenic flexure colon = 6, descending colon =7  sigmoid colon =
8, rectum =9, anal canal = 10, entire colon = 11, entire colorectal part = 12

( ) Nx: distance between the lower margin of rectal cancer and the anal verge __ cm, colon = 0,
unknown = 99

() Nx: rectal tumor location anterior = 1, posterior = 2, left wall = 3, right wall = 4,
circumference= 5, unknown = 9, colon =0

() Nx: circumference of rectal cancer accounted for enteric cavity 1/4=1,1/2=2,3/4=3,ring=4,
unknown = 9, colon =0

() Nx: maximum tumor diameter____ cm, unknown = 99
() Nx: preoperative / intraoperative metastasis none = 0, liver metastasis = 1, local infiltration = 2,
abdominal / pelvic plantation = 3, lung metastases = 4, bone metastases = 5, other distant
metastases =6

() Nx: preoperative complications None= 0, intestinal obstruction= 1, intestinal perforation = 2,
severe anemia (Hb <90 g/ L) = 3, Other=4

( ) Nx: accompanied diseases None=0, diabetes = 1, heart disease = 2, high blood pressure = 3,
Other = 4

() Nx: accompanied with multiple primary cancer None = 0, multiple primary colorectal cancer = 1,
parenteral cancer = 2, multiple intestinal polyps=3, intestinal polyposis = 4

15
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( ) Nx: preoperative treatment  None = 0,, surgery = 1, chemotherapy = 2, radiotherapy = 3, Chinese
medicine = 4, Other =5

Nx: chemotherapy protocol  None= 0, 5-Fu/CF =1, oxaliplatin = 2, CPT-11 = 3, HCPT = 4, xeloda
=5, S1 =6, toremifene = 7, intraperitoneal chemotherapy = 8, other =9

Nx: preoperative chemotherapy regimen __
Nx: radiotherapy plan ___
O: Surgeon (fill in the first surgeon)

() Nx: the nature of surgery  radical = 1, palliative resection =2,  palliative surgery = 3, exploratory
surgery = 4

( )Nx: intraoperative findings ascites= 1, bowel obstruction = 2, tumor activity limitation =3 tumor
activity= 4, tumor fixation= 5

() Nx: type of surgery, open surgery= 1, simple laparoscopy= 2, hand-assisted laparoscopy = 3

() Nx: surgical means right half = 1, transverse colon resection = 2, left half= 3, sigmoid colon
resection = 4, total colectomy = 5, Miles operation = 6, Dixon surgery = 7, Bacon surgery = 8, Park
surgery = 9, posterior pelvic exenteration =10, total pelvic exenteration = 11, local resection through
anus=12, Hartmann = 13, enterostomy = 14, bowel resection = 15, Other = 16

() Nx: The distance between the lower margin of tumor and the distant resection margin (dentate line
for the Miles operation)__ cm (Subject to the measurement of the postoperative dissection)

() Nx: combined organ resection None= 0, liver = 1, bladder = 2, vaginal = 3, ovary = 4, lung = 5,
Other =6

() Nx: operative mortality No=0, yes =1
( ) Nx:anastomat None =0, single-anastomat= 1, double anastomat =2

() Nx: anti-stick agent none = 0, low molecular weight dextran = 1, sodium hyaluronate = 2,
Other=3

() Nx: Intraoperative chemotherapy No = 0, intestine = 1 (), abdominal cavity = 2 (), portal vein =3 ()
() Nx: gross tumor type Proliferation type = 1, ulcer type = 2, infiltration type = 3, unknown =9

() Nx: = tissue type adenocarcinoma =1, mucinous adenocarcinoma (including signet ring cell
carcinoma) = 2, undifferentiated carcinoma= 3, adenoma = 4, squamous cell carcinoma = 5, Other =
6

() Nx: pathological grade grade I =1, gradell =2, gradelll=3

() Nx: bowel wall infiltration mucosa = 1, superficial muscular layer = 2, deep muscular layer = 3,
serosa = 4, outer serosa infiltration= 5

() Nx: lymph node metastasis  None= 0, intestinal side = 1, intermediate = 2, central = 3,
() Nx: submissionof _ LNM

() Nx: Number of LN metastases
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() Nx: Dukes staging A=1B=2,C=3 D=4

( YNx:Tstage T__(1~4) () Nx: preoperative T stage T_(1~4)
( )Nx:Nstage N__ (0~2) () Nx: Preoperative N stage N__(0~2)
( )Nx:Mstage M___ (0~1) () Nx: preoperative Mstage M__(0~1)

=0,+=1,++=2 +++=3 ++++ =4

() Nx:Tissue ER () Nx:Tissue PR () Nx: tissue CEA

() Nx: Tissue p53 () Nx: Tissue PCNA () Nx: Tissue c-erbB2/neu
() Nx: Tissue K-ras () Nx: Tissue maspin () Nx: Tissue Ck19

() Nx: Tissue Ck20 () Nx: Tissue osteopontin  ( ) Nx: Tissue PRL3

() Nx: Tissue SNC () Nx: Tissue nm23

() Nx: determination method of rectal infiltration CT = 1, MRI = 2, endoscopic ultrasound = 3,
intracavity B ultrasound-= 4

() Nx: rectal surgery / before /radiotherapy infiltration level mucosa = 1, submucosa = 2,
muscularis mucosa = 3, superficial muscle= 4, deep muscle = 5, subserosa= 6, serosa = 7, outside
serosal = 8, lymph node metastasis = 9

() Nx: rectal surgery / radiotherapy mucosal invasion level = 1, submucosa = 2, muscularis mucosa = 3
= 4 superficial muscle, deep muscle = 5 = 6 subserosa, serosa = 7, plasma extracellular = 8, lymph
node metastasis =9

() Nx: treatment after surgery None=0, chemotherapy = 1, radiotherapy= 2, biological therapy = 3,
Chinese medicine = 4, combined therapy = 5, unknown = 9

() Nx: postoperative complications, None = 0, intestinal obstruction = 1, anastomotic leakage = 2,
bleeding = 3, infection = 4, Other=5

() Nx: stoma complications, None =0, edema = 1, necrosis = 2, hemorrhage = 3 dermatitis around
=4, infection = 5, prolapse = 6, shrink = 7, narrow = 8, hernia = 9, around the fistula = 10, stoma
enteritis = 11, mucous membranes - skin separation = 12, ischemia = 13, Other = 14

Laboratory data:

Blood CEA Nx: preoperative__ ng / ml Nx: postoperative___ ng / ml Nx: recurrence ___ng/ ml

Bile CEA  Nx: preoperative____ ng/ml Nx: postoperative__ng/ml  Nx: recurrence___ ng/ ml
Serum CA19-9 Nx: preoperative__ u/ml Nx: postoperative __ u/ml Nx: recurrence __ u/ml
() Nx: DPD enzyme__ () Nx: TP enzyme ____

( )Nx:CD3___ () Nx: CD8_ () Nx: CD44 ___

( ) Nx:lgA__ () Nx: IgM__ () Nx: 1gG
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(ii) follow-up information data:
Nx: follow-up time ~ __day__  month__ year
() Nx: metastasis / recurrence None= 0, exist = 1, suspicious = 2, unknown = 3

Nx: metastasis / recurrence date__day__  month__ year

() Nx: metastasis / recurrence basis pathological = 1, CT = 2, BUS = 3, X ray = 4, ECT = 5,
serology= 6, clinical = 7, PET = 8, endoscope = 9, other = 10, unknown = 99

() Nx: recurrence / site anastomosis = 1, cut = 2, perineum = 3, pelvic = 4, abdominal = 5,
unknown =9

() Nx: metastatic sites, liver =1, lung = 2, bone = 3, abdominal= 4, pelvic = 5, lock LN = 6, inguinal

LN =7, Other = 8, unknown =9

() Nx: treatment of recurrence / metastasis None = 0, chemotherapy = 1, surgery = 2, radiotherapy = 3,
biological treatment = 4, Chinese medicine = 5, comprehensive treatment = 6, Other = 7, unknown =
9

Nx: Date of last visit __ day__  month__ year
() Nx: conclusion survival = 0, tumor death = 1, non-tumor deaths = 2, cause of death unknown = 3

Memo:

*N=A~Z, x=1~n

*Memo: The content should be no more than 50 Chinese characters.
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