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Foreword

In 2006, when my colleague Andrea Renda proposed multiple primary malignancies
(MPM) as the subject of the Biennial Report to the 2008 Congress of the Italian So-
ciety of Surgery, I, together with the Steering Committee, quickly agreed. Recent
progress in our understanding of the etiopathology of these neoplasms has led to in-
novative and significant progress on the clinical level. Importantly, the incidence of
the onset of two or more tumors in the same patient suggests a more than casual re-
lationship. Furthermore, the occurrence of MPM derives from several different mech-
anisms—viral, iatrogenic, immunologic, environmental, and hereditary—such that
any form of treatment must take into account the etiology of these tumors.

After an epidemiological introduction, this monograph analyzes various aspects
of multitumoral syndromes based on the experience of the Department of Surgical
Sciences, along with that of other clinical departments of the University Federico II
of Naples. In the discussion of inherited tumors, reference is made to the series of
patients treated at the Department of Surgery at the University of Siena. The many
topics that comprise this volume range from carcinogenesis to diagnostic strategies,
and from epidemiology to innovations in imaging and endoscopic techniques. Among
the clinical aspects, particular emphasis is given to sporadic and hereditary syndromes,
as these patients are frequently treated by general surgery departments. The correla-
tion between molecular tests and clinical behaviors of MPM is highly relevant, since
the diagnostic, therapeutic, and surveillance strategies for more than a few of these
syndromes are strongly influenced by the underlying genetics. 

Despite its wealth of information, this work does not claim to be conclusive. The
interesting clinical trials proposed by the authors will no doubt bring further insights
and new perspectives regarding the pathogenesis and clinical approach to MPM. 

I am proud that Italian surgery has been able to provide a relevant contribution
to this extremely interesting field, one that will benefit not only surgeons, but also
many different research and clinical specialists. 

Rome, October 2008 Roberto Tersigni
President, Italian Society of Surgery



Preface

Many surgeons are confronted with cancer patients who have already been treated
for another malignant neoplasm or who have a lesion formerly considered to be a
metastasis but subsequently recognized as a new primary tumor. In other cases,
individuals who have been cured of one cancer (i.e., of the digestive tract or breast)
may later present with leukemia or lymphoma. In every surgeon’s series there are
also patients with inherited disease in which there are multiple tumors. In our expe-
rience, in studies of familial adenomatous polyposis and colorectal cancer, we have
seen many patients with multiple primary tumors.

These observations lead to several questions: What is the real incidence of mul-
tiple primary malignancies? What are their most frequent causes? Is there a rela-
tionship or a dependence among them? How do we best approach their diagnosis
and prevention? Is the optimal prophylactic therapy surgical or medical?

In this volume, we have tried to answer these questions through in-depth discus-
sions and literature reviews. To this end, I have been greatly assisted by the Board
of Società Italiana di Chirurgia (SIC), which I sincerely thank, in its choice of this
subject as the focus of a 2-year study. The aim here is not to produce an exhaustive
monograph, but to point out topics under investigation. Experts in the field, mostly
from the University Hospital Federico II in Naples but also from other institutes in
Campania, as well as other guest authors have been invited to relate their own expe-
rience and thus to approach the problem from different points of view. I would
therefore like to thank all those who took part in this study for their much-appreci-
ated and crucial cooperation.

The monograph is divided into three parts: the first mainly concerning the his-
tory and the nosography of multiple primary malignancies; the second based on the
etiology and the more frequent tumoral associations seen in general surgery; and
the third on the clinical concepts.

I hope I have succeeded in my intention and apologize for any, inadvertent,
omissions.

Naples, October 2008 Andrea Renda
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Chapter 1

Nosography

Andrea Renda, Nicola Carlomagno

Ever since Billroth’s report, in 1889, of a patient with multiple tumors, a gastric
carcinoma that developed after the removal of a spinocellular epithelioma of the
right ear; multiple primary malignancies (MPM) have been an object of medical
curiosity. Until 1932, when Warren and Gates classified 1259 such patients from
literature reports and post mortem examinations [1], only a few such cases had
been recognized. MPM were defined as presenting the following clinical and
histological characteristics: (1) malignant tumors based on histopathologic cri-
teria, (2) topographic distinct without connection via submucosal or intra-
epithelial alterations (skip metastasis), and (3) ruling out that the second tumor
was not a metastasis of the first.

In 1961, Moertel [2] classified MPM as being simultaneous, synchronous, or
metachronous, depending on whether diagnosis of the second tumor was con-
temporary or was made within or after 6 months of the first (“index tumor”) .

The incidence of MPM is increasing and is expected to continue to do so.
The increase has been ascribed to several factors, such as increases in the inci-
dence of many forms of cancer; the longer mean lifetime, mostly in western pop-
ulations; treatments at initial tumor staging; the quality of oncologic follow-up;
and the better prognosis of many neoplasms [3].

Improvements in oncologic (medical and surgical) therapies have resulted in
unprecedented recoveries and survivals (5-year survival: children 79% and
adults 66%). In Italy, there have been relevant improvements in survival for all
cancers, with a certain degree of geographic variability, especially for men. Five-
year survival for male patients in in northern-central Italy increased from 25%
in the period 1978–1982 to 42% in 1992–1994. This corresponds to an annual
rate of about 3%. In the southern part of the country, the annual increase was
about 2%, with survival reaching 36% in 1992–1994. For women, survival
increased at the same rate (2%) in northern-central and southern Italy, from 42
to 56% and 38 to 52%, respectively [4].

Notwithstanding the improvement in oncologic therapy, the incidence of can-
cer is increasing (1,444,920 new cancer cases and 559,650 deaths estimated in
the USA in 2007) [5]. In Italy, cancer remains a leading cause of death and the

A. Renda (ed.), Multiple Primary Malignancies.
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number of affected individuals is increasing in our country and, specifically, in
Campania, the region where our institute is located. An analysis of data from
ISTAT, available on the World Wide Web, indicated that cancer mortality in Italy
and in Campania is increasing at a rate that is higher than that for death due to
other pathologies and/or to traumatic accidents (Fig. 1.1).

We have often observed that some patients recovering from malignant tumors
and/or others who are healthy and have survived for 5 or more years after treat-
ment develop other tumors, either inexplicably (at least on the strength of
today’s biomedical knowledge) or because of well-known predisposing factors
(genetic, environment, hormones, immunology, iatrogenetic, viral).

In some cases, an inherited syndrome can be identified through detailed
genetic studies, but there are also associations of malignant tumors that are not
nosographically recognized.

A. Renda, N. Carlomagno2

Fig. 1.1 Main causes of death in Italy and in the Campania region in 1980 and 2002. Data are
from the ISS (Office of Statistics) website, in cooperation with Informatics department of the
SIDBAE-ISS. Description of national and regional (Campania) mortality. Data from ISTAT
reports on death certificates



A review of the main scientific studies that have examined MPM revealed
numerous retrospective cases or post-mortem reports, but definitive conclusions
about the incidence of MPM and its clinical and prognostic implications could
not be reached. Retrospective studies are particularly difficult for those cases in
which either the index tumor far preceded the second tumor or there is incom-
plete clinical information.

In order to better understand MPM, cases described in the literature and those
comprising our own series were evaluated. We mainly studied those cases that are
more frequently observed in general surgery departments. Accordingly, cases of
basaloma were excluded, due to the biological peculiarities of this malignancy. 

The aim of this monograph was to address the following topics concerning
MPM:
1. Nosography: definition, classification, incidence and epidemiology
2. Pathogenesis: etiological mechanisms
3. Clinical features: identification of specific syndromes and, especially, diag-

nosis and therapy, including preventive/prophylactic surgery, chemopreven-
tion, and follow-up

MPM

Two or more malignant primary tumors arising in the same patient is the well-
accepted definition of MPM (except cutaneous basaloma). Multifocal tumors
(for example hepatocellular carcinoma) are considered a single neoplastic event,
while familial adenomatous polyposis (FAP), with or without colorectal cancer
at diagnosis, should in any case be considered a malignant tumor. 

Some pathologies are often associated in our memories with the celebrities
who were affected or died from them [7–12]. There is a long-standing belief that
the actions of public figures influence popular behavior. In spite of their exclu-
sive position in society, many famous patients did not have a better prognosis
than their contemporaries. For example, in 2004, Susan Sontag, an American
author, died at the age of 71. She was initially diagnosed with advanced breast
cancer but later developed a form of leukemia traceable to the massive doses of
radiotherapy and chemotherapy she received to treat the breast disease. Shortly
before dying, she was diagnosed with a rare form of uterine cancer, which, how-
ever, did not appear to play any role in her demise.

Barbara Bel Geddes, an American actress, survived breast cancer in 1972, but
died of lung cancer in 2005, at age 83. Ruth Mosko Handler, (American creator of
Barbie) survived breast cancer in the 1970s but died following surgery for colon
cancer. Henny van Andel-Schipper (born in the Netherlands; world’s oldest person
until her death in 2005) was successfully treated for breast cancer at age 100 but
died at age 115 of an unrelated gastric cancer. Former US president Ronald
Reagan had been operated on for colon and epithelial cancer but died in 2004 with
Alzheimer’s disease at age 93. John Wayne, the famous American actor, died of a
gastric cancer in 1964, 15 years after recovering from lung cancer. He represents
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an interesting case of a man totally engaged with all his family in fighting cancer.
In this connection, it might be useful to quote some lines from a text by John
Wayne’s Foundation (http://www.jwcf.org) even to pay homage to this extraordi-
nary actor, to his brave fight against cancer and to his relatives’ following activi-
ty: “During his long fight with cancer he became very passionate about wanting to
help others fight this terrible disease. In fact, in his final days, he charged his fam-
ily to help support others fighting cancer and to help find a cure. John Wayne was
a model of true grit, individualism and courage who pursued his life with enthusi-
asm and generosity. Like its namesake, the John Wayne Cancer Foundation is not
afraid to challenge conventional approaches and fund new, innovative solutions.
Along with the impressive movie career that made John Wayne a popular figure in
our American culture, a commitment to support the fight against cancer is an ongo-
ing part of the Wayne legacy.”

There is a growing interest on the part of the scientific community in MPM.
A search of the National Library’s website showed that, between 2005 and 2007,
scientific output regarding MPM was nearly the same as for some of the most
frequently observed neoplasms (breast, colon, lung, gastric, pancreas) (Figs. 1.2,
1.3). Nonetheless, most MPM studies differ in that they are retrospective or are
based on case reports, with all the associated limits (Fig. 1.4). In particular, con-
clusions drawn from retrospective studies are compromised by, e.g., the long
latency period between two neoplastic events or treatment of the same patient at

A. Renda, N. Carlomagno4

Fig. 1.2 Pub Med (National Library of Medicine) query (November 2007) concerning the num-
ber of overall and recent (last 2 years) publications on MPM compared with those address-
ing more common tumors, i.e., breast (BC), colorectal (CRC), lung (LC), stomach (SC), and
pancreas (PC) 



two different centers; thus, it is often very hard or even impossible, to obtain
complete and valid clinic data (staging, histology, immunohistochemistry, treat-
ments, etc.).

Classification

The correct classification of MPM must consider the relationship between dif-
ferent parameters, such as time, histology, anatomo-topography, and anatomo-
function. As noted above, temporal classification describes MPM as simultane-
ous, synchronous, or metachronous, depending on whether the second neoplasia

1  Nosography 5

Fig. 1.4 Pub Med (National Library of Medicine) query (November 2007): source of publi-
cations on MPM, breast cancer (BC), and colorectal cancer (CRC) 

Fig. 1.3 Pub Med (National
Library of Medicine) query
(November 2007) concern-
ing the percentage of publi-
cations in the last 2 years
on MPM compared with
those addressing more fre-
quent tumors, i.e., breast
(BC), colorectal (CRC),
lung (LC), stomach (SC),
and pancreas (PC)



was contemporary with the first one, or occurred within or after 6 months fol-
lowing the diagnosis of the index tumor. Staging of the primary and successive
neoplasms is as important a consideration as time. The histological classification
must take into account the histotype of the first tumor and of subsequent or col-
lateral tumors (hematopoietic, epithelial, connective-tissue, etc.). Anatomo-
topography refers to whether a single organ or different organs or tissues are
affected. Anatomo-functional classification studies MPM affecting the body’s
different systems (respiratory system, digestive tract, endocrine glands, etc.).
While there may be clear relationships with respect to the above parameters, the
synchronous or metachronous diagnosis of the second neoplasm sometimes
poses many problems because of the time elapsed. Guidelines arrived at through,
for example, a consensus conference must clarify those aspects of diagnostic pri-
ority (time, histology, solid tumor, number of tumors, etc.) and their prognostic
value. They could then be applied to compare different patient experiences and
to analyze large series or national and regional tumor registers in order to iden-
tify the prognostic implications of specific parameters.
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Chapter 2

Epidemiology: Data from Cancer Registries

Maurizio Montella, Carlotta Buzzoni, Anna Crispo

Introduction 

Recent advances in the cancer treatment and the resulting increase in patient sur-
vival have led to greater scientific interest in multiple primary malignancies
(MPM). It is now recognized that longer survival combined with the administra-
tion of active but toxic therapeutic regimens has made patients more prone to
develop a “second primary cancer,” as a consequence of therapy (e.g., thyroid
cancer in lymphoma patients treated with radiotherapy) or of longer exposure to
risk factors [1].

The frequency of MPM depends on the length of the observation period,
applied diagnostic and prognostic criteria, exposure to environmental factors,
genetically defined individual susceptibility, diagnostic accuracy, follow-up, and
administered treatment. The diagnosis is strictly related to the length of patient
follow-up: the longer the follow up period, the higher the chance of occurrence,
and therefore the diagnosis of MPM. Conversely, a poor prognosis, as defined by
morphological and clinical parameters, correlates with a shorter patient survival
time, decreasing the chance of a patient developing MPM [1].

The IARC/IACR coding system is widely used, in particular by cancer reg-
istries. It is based on a topographic criterion that assigns to any incident can-
cer a three character-code according to the ICDO-3 classification based on the
primary site, without taking into account the time interval between subsequent
primary cancer diagnoses. If two tumors arise from the same primary site
(muticentric), the considered code will be the first at assignment for both,
unless they belong to different morphological categories [2–4]. Incidence and
survival data are collected worldwide by cancer registries according to highly
standardized protocols. Herein we report and discuss data extrapolated from
the Italian Cancer Registry Network (AIRTUM), the European Cancer
Registry (EUROCARE), and the USA (Surveillance Epidemiology and End
Results, SEER) [4–7].

A. Renda (ed.), Multiple Primary Malignancies.
©Springer-Verlag Italia 2009 7



AIRTUM

The AIRTUM database, compiled by the ISS (Istituto Superiore di Sanità) in
Rome, consists of all cancer data collected from each accredited registry. It is the
largest Italian archive and currently contains information on more than 1 million
cancer patients (1,389,425 malignant tumors diagnosed between 1978 and 2003)
and over a half million cancer-related deaths (520,440 deaths occurred in the
same period). Around 15,000,000 people (26% of the overall population) live in
areas covered by the Italian Cancer Registry Network (AIRTUM). The popula-
tion covered by a registry varies considerable: some regions are completely (e.g.
Umbria) or partially (e.g. Veneto) represented by registry activity whereas in
others the registry is responsible for a smaller area, such as an entire city or part
of one, e.g., Turin and ASL-Napoli 4, respectively. Unfortunately coverage is not
homogeneously distributed throughout Italy, as northern regions are better rep-
resented than southern ones (37% vs. 12%), while in central Italy coverage is
26%. Currently (early 2008), 1,291,585 primary tumors and 90,391secondary
tumors have been recorded; 6,909  patients were reported to have three tumors.
Tables 2.1 and 2.2 list the overall distribution according to site, age, and gender.
Tables 2.3–2.8 describe the distribution with respect to the second tumor: colon,
rectum, breast, lung, Hodgkin and non-Hodgkin lymphomas, and are stratified
by gender.

M. Montella, C. Buzzoni, A. Crispo8

Table 2.1 AIRTUM 1998–2002. Distribution of second tumor according to first cancer
(index tumor) and sex: observed/expected ratio (O/E)

Index tumor site Male Female
Observed O/E Observed O/E

All sites excluding skin melanoma 5,033 1.00 2,428 0.97
Stomach 207 0.86* 112 1.07
Colon 532 0.90* 256 0.89
Rectum 218 0.80* 117 1.03
Liver and bile ducts (intrahepatic) 89 0.75* 22 0.75
Lung 440 0.92 77 1.06
Melanoma 100 1.06 74 1.11
Breast 764 0.80*
Ovary 82 1.23
Prostate 1,220 0.78*
Testis 4 0.49
Bladder 790 1.41* 91 1.26*
Brain and CNS 20 0.88 10 0.72
Thyroid 34 1.22 72 1.22
Lymphoma (Hodgkin) 15 1.21 11 1.53
Lymphoma (non-Hodgkin) 182 1.12 109 1.15
Myeloma 82 1.02 45 1.01
Leukemia 107 0.99 49 0.96

*p <0.05
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Table 2.3 AIRTUM 1998–2002. Colon cancer, distribution of second tumor: observed/
expected ratio (O/E)

Second tumor site Male Female
Observed O/E Observed O/E

All sites 645 0.92* 322 0.94

All sites excluding non- 532 0.90* 256 0.89
melanoma skin cancer

Buccal cavity and pharynx 14 1.06 2 0.55

Esophagus 11 1.86 1 0.69

Stomach 24 0.62* 10 0.54*

Rectum 41 1.58* 13 1.02

Liver and bile ducts 21 0.89 3 0.37
(intrahepatic)

Gallbladder 0 0 2 0.58

Pancreas 17 1.05 15 1.23

Lung 84 0.82 22 1.22

Bone 0 0 0 0

Soft tissue 2 1.05 1 0.89

Skin melanoma 7 0.93 5 1.02

Breast 76 1.09

Cervix uteri 1 0.29

Corpus uteri 17 1.4

Ovary 17 1.91*

Prostate 125 0.99

Testis 1 1.97

Bladder 56 1.2 8 1.02

Kidney and urinary tract 30 1.67* 15 2.12*

Brain and CNS 3 0.46 3 0.68

Thyroid 4 1.74 5 1.15

Lymphoma 21 1.19 7 0.61

Lymphoma (Hodgkin) 2 2.08 0 0

Lymphoma (non-Hodgkin) 19 1.14 7 0.64

Myeloma 9 1.13 4 0.78

Leukemia 13 0.95 6 0.81

Mesothelioma 2 0.59 0 0

Kaposi’s sarcoma 2 1.67 1 2.38

Skin (non-melanoma) 113 1.01 66 1.21

*p <0.05
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Table 2.4 AIRTUM 1998–2002 Rectal cancer, distribution of second tumor: observed/
expected ratio (O/E)

Second tumor site Male Female
Observed O/E Observed O/E

All sites 269 0.83* 134 1

All sites excluding skin 218 0.80* 117 1.03

Buccal cavity and pharynx 7 1.11 4 2.82

Esophagus 2 0.73 2 3.59

Stomach 15 0.84 9 1.21

Colon 37 1.37 10 0.75

Liver and bile ducts 6 0.55 1 0.32
(intrahepatic)

Gallbladder 0 0 0 0

Pancreas 4 0.54 4 0.86

Lung 35 0.73 13 1.85

Bone 0 0 0 0

Soft tissue 1 1.11 0 0

Melanoma 2 0.55 4 2.02

Breast 29 1.03

Cervix uteri 0 0

Corpus uteri 4 0.82

Ovary 6 1.68

Prostate 37 0.64*

Testis 1 3.92

Bladder 27 1.24 4 1.31

Kidney and urinary tract 11 1.29 7 2.52*

Brain and CNS 0 0 0 0

Thyroid 1 0.89 4 2.22

Lymphoma 8 0.99 3 0.66

Lymphoma (Hodgkin) 1 2.09 1 4.34

Lymphoma (non-Hodgkin) 7 0.92 2 0.46

Myeloma 1 0.27 1 0.5

Leukemia 5 0.79 3 1.02

Mesothelioma 2 1.33 1 3.72

Kaposi’s sarcoma 1 1.88 0 0

Skin (non-melanoma) 51 1.01 17 0.81

*p <0.05
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Table 2.5 AIRTUM 1998–2002. Breast cancer, distribution of second tumor: observed/
expected ratio (O/E)

Second tumor site Male Female
Observed O/E Observed O/E

All sites 27 1.39 965 0.86*

All sites excluding skin 26 1.59* 764 0.80*

Buccal cavity and pharynx 1 2.77 12 0.97

Esophagus 0 0 2 0.46

Stomach 6 5.67* 59 1.17

Colon 0 0 92 0.91

Liver and bile ducts 1 1.4 41 1.05
(intrahepatic)

Gallbladder 0 0 24 1.03

Pancreas 0 0 8 0.79

Lung 1 2.24 33 0.96

Bone 3 1.06 72 1.25

Soft tissue 0 0 2 1.73

Melanoma 0 0 7 1.77

Breast 0 0 14 0.73

Cervix uteri 16 1.13

Corpus uteri 104 2.26*

Ovary 31 0.97

Prostate 8 2.35*

Testis 0 0

Bladder 1 0.78 23 1.02

Kidney and urinary tract 1 2.02 42 1.84*

Brain and CNS 0 0 17 1.14

Thyroid 0 0 30 1.38

Lymphoma 0 0 31 0.81

Lymphoma (Hodgkin) 0 0 2 0.85

Lymphoma (non-Hodgkin) 0 0 29 0.81

Myeloma 1 4.55 13 0.84

Leukemia 0 0 26 1.18

Mesothelioma 2 18.92* 2 0.83

Kaposi’s sarcoma 0 0 0 0

Skin (non-melanoma) 1 0.33 201 1.20*

*p <0.05
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Table 2.6 AIRTUM 1998–2002. Lung cancer, distribution of second tumor: observed/
expected ratio (O/E)

Second tumor site Male Female
Observed O/E Observed O/E

All sites 514 0.91* 95 1.11

All sites excluding skin 440 0.92 77 1.06

Buccal cavity and pharynx 28 2.48* 2 2.17

Esophagus 7 1.43 0 0

Stomach 34 1.15 3 0.71

Colon 47 1.01 15 1.86*

Rectum 26 1.24 4 1.3

Liver and bile ducts 14 0.69 2 1.02
(intrahepatic)

Gallbladder 1 0.53 0 0

Pancreas 15 1.17 5 1.79

Lung 0 0 0 0

Bone 2 1.31 0 0

Soft tissue 8 1.28 1 0.75

Melanoma 20 1.03

Breast 1 1.05

Cervix uteri 4 1.18

Ovary 1 0.43

Prostate 67 0.67*

Testis 0 0

Bladder 68 1.75* 3 1.64

Kidney and urinary tract 21 1.4 4 2.2

Brain and CNS 5 0.89 0 0

Thyroid 8 3.86* 0 0

Lymphoma 16 1.1 1 0.34

Lymphoma  (Hodgkin) 0 0 0 0

Lymphoma (non-Hodgkin) 16 1.17 1 0.35

Myeloma 3 0.47 1 0.79

Leukemia 11 1.02 2 1.14

Mesothelioma 0 0 0 0

Kaposi’s sarcoma 1 1.03 0 0

Skin (non-melanoma) 74 0.85 18 1.37

*p <0.05
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Table 2.7 AIRTUM 1998–2002. Hodgkin lymphoma, distribution of second tumor:
observed/expected ratio (O/E)

Second tumor site Male Female
Observed O/E Observed O/E

All sites 19 1.31 16 1.92*

All sites excluding skin 15 1.21 11 1.53

Buccal cavity and pharynx 0 0 1 11.28

Esophagus 1 7.25 0 0

Stomach 0 0 1 3.31

Colon-rectum 3 1.76 1 1.14

Liver and bile ducts 0 0 1 6.94
(intrahepatic)

Gallbladder 0 0 0 0

Pancreas 2 6.29 0 0

Lung 1 0.49 0 0

Bone 0 0 0 0

Soft tissue 0 0 0 0

Melanoma 0 0 0 0

Breast 1 0.45

Cervix uteri 0 0

Corpus uteri 1 3.2

Ovary 0 0

Prostate 1 0.44

Testis 0 0

Bladder 0 0 0 0

Kidney and urinary tract 1 2.36 1 6.47

Brain and CNS 0 0 0 0

Thyroid 0 0 0 0

Lymphoma 2 3.68 3 8.19*

Lymphoma (non-Hodgkin) 2 4.58 3 10.84*

Myeloma 0 0 0 0

Leukemia 2 6.27 1 6.26

Mesothelioma 0 0 0 0

Kaposi’s sarcoma 1 28.83 0 0

Skin (non-melanoma) 4 1.86 5 4.30*

*p <0.05
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Table 2.8 AIRTUM 1998–2002. Non Hodgkin lymphoma, distribution of second tumor:
observed/expected ratio (O/E)

Second tumor site Male Female
Observed O/E Observed O/E

All sites 237 1.23* 141 1.26*

All sites excluding skin 182 1.12 109 1.15

Buccal cavity and pharynx 4 0.99 1 0.83

Esophagus 1 0.59 0 0

Stomach 23 2.25* 7 1.31

Colon 25 1.09 16 1.11

Liver and bile ducts 14 2.13* 5 1.97
(intrahepatic)

Gallbladder 1 1.65 0 0

Pancreas 2 0.46 3 0.83

Lung 32 1.12 12 2.04*

Bone 0 0 0 0

Soft tissue 2 3.57 0 0

Melanoma 4 1.66 6 3.31*

Breast 21 0.83

Cervix uteri 0 0

Corpus uteri 4 0.92

Ovary 2 0.65

Prostate 27 0.8

Testis 0 0

Bladder 10 0.79 6 2.55

Kidney and urinary tract 3 0.58 7 2.99*

Brain and CNS 2 1.01 3 2.01

Thyroid 0 0 3 1.61

Lymphoma 1 0.19 2 0.5

Lymphoma (Hodgkin) 0 0 0 0

Myeloma 1 0.46 1 0.61

Leukemia 10 2.67* 1 0.44

Mesothelioma 2 2.17 2 8.06

Kaposi’s sarcoma 2 5.75 0 0

Skin (non-nmelanoma) 55 1.85* 32 1.88*

*p <0.05



EUROCARE

In the EUROCARE-4 study, 82 cancer registries in 23 European countries col-
lected data according to a standardized protocol [7]. The study included infor-
mation on 3,032,852 tumors incident in the resident population of most western
European countries and two eastern European countries during the period
1995–1999. Of these, 170,006 (5.6%) were MPM; their proportion ranged from
2% in the Flemish registry (Belgium) to 11.8% in the Norway registry. These
registries were started in 1997 and 1959, respectively (Table 2.9). For cancer
registries operating <10 years, there was a strong relationship between running
time of the registry and the proportion of MPM. For “older” registries, no such
association was seen (Table 2.9). 

The quality of case ascertainment was measured by the percentage of micro-
scopically verified tumors, and its completeness by the percentage of cases iden-
tified with a death certificate only (DCO). A high percentage of DCO can affect
both the possibility of correctly detecting subsequent tumors and survival esti-
mates. Completeness of case ascertainment varied greatly across registries, but
was limited (DCO >10%) to only a few registries (Austria, Thames, and Wales)
for first cancers. By contrast, both quality and completeness were better for sub-
sequent tumors for the majority of registries. The number of patients lost to fol-
low-up also affects the likelihood of detecting subsequent tumors. Among the
registries considered in the present study, the overall percentage of cases lost to
follow-up was rather low (0.3%). For a few registries (Haut-Rhin, Herault,
Somme, Salerno and Geneva) between 5 and 8% of the cases were lost to fol-
low-up after diagnosis of the first cancer. Although for multiple primaries the
percentages of such cases was mostly rather low, for the registry of Kielce
(Poland) it was 26.7%, which can strongly influence survival estimates. 

The practice of autopsy can influence the proportion of multiple primaries
that were incidentally found. In general, the percentages of cases detected at
autopsy was low, with the exception of the registries of West Bohemia (Czech
Republic), Friuli Venezia Giulia (Italy), and Basel (Switzerland) (11.7, 12.0, and
16.8%, respectively).

Table 2.10 shows the distribution (%) of subsequent tumors by site and reg-
istry. The incidence is usually higher not only for frequently occurring tumors
(e.g., lung), but also for those associated with a long survival time (breast,
prostate, and colorectal). 

In the most recently established registries, the percentage of diagnosed mul-
tiple cancers was lower, ranging from about 12% in the oldest registries to <1%
in the most recent ones.

SEER

The SEER (Surveillance Epidemiology and End Results) Program represents a
unique population-based resource for evaluating the risk of subsequent cancers

2  Epidemiology: Data from Cancer Registries 17
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Table 2.10 Subsequent primary tumors (%) by registry and cancer site 
(patients age 15–99. Eurocare period 1995–1999)

Cancer site
Country Reg Bb CR L P S NH- Pa K

Austria Austria 9.2 14.9 10.9 14.4 4.7 3.1 2.5 5.8
Tyrol 8.6 12.5 14.5 13.4 6.1 2.1 1.8 6.2

Belgium Flemish 16.1 14.0 13.5 14.7 2.3 2.9 0.6 5.8

Czech Republic West 13.1 21.0 13.1 5.1 2.9 1.9 2.0 9.3
Bohemia

DenmarK Denmark 10.4 16.7 18.1 8.0 2.9 3.4 3.5 4.0

Finland Finland 15.2 11.8 10.9 12.9 4.5 4.1 3.3 5.1

FRANCE Herault 5.6 13.0 9.3 20.9 2.8 4.2 0.9 4.7
Isere 5.6 16.8 13.9 11.1 2.7 2.8 2.4 2.7
Manche 3.6 12.0 13.5 13.5 3.1 1.0 0.5 7.3
Somme 3.8 14.9 13.0 11.4 3.8 2.5 0.3 3.5
Tarn 6.4 17.0 7.4 13.5 3.9 2.9 2.3 4.2

Germany Saarland 7.8 17.9 13.9 12.6 4.8 3.7 1.6 4.2

Iceland Iceland 10.5 14.6 14.4 10.8 4.5 3.1 3.2 7.4

Ireland Ireland 10.4 21.2 9.9 12.1 3.8 2.6 2.1 3.9

Malta Maltaa 11.0 11.0 11.0 9.8 6.1 4.9 0.0 3.7
Netherland North 15.1 18.6 15.3 10.2 3.2 2.8 1.6 4.5

Neth.
Northern ireland Northern 4.5 18.3 12.5 6.9 4.0 4.6 2.1 5.5

Irelanda

Norway norwaya 13.8 22.3 9.5 10.6 3.8 2.7 2.8 3.9

Poland warsawa 15.3 12.7 15.7 5.9 3.7 2.6 1.6 5.0
Portugal South 11.6 15.7 8.4 12.0 5.2 4.1 1.3 3.0

Portugala

Scotland Scotlanda 12.7 15.4 18.9 6.6 3.6 2.9 2.4 3.5
Slovenia Slovenia 6.0 14.9 16.8 6.4 5.1 3.2 1.7 3.6

Spain Navarra 3.4 13.2 13.7 10.6 5.7 3.5 2.8 5.5
Tarragona5.1 12.3 15.3 10.1 5.1 3.8 1.5 4.9

Sweden Sweden 17.1 17.6 5.9 13.0 2.3 3.0 1.7 5.8

Switzerland Basel 15.6 16.8 12.2 14.1 2.6 3.9 2.5 4.3

Geneva 12.4 13.2 13.0 9.7 1.9 2.9 2.6 3.5

Wales Wales 7.0 12.9 13.7 9.9 4.6 4.1 3.0 2.9

Total 10.9 15.2 14.2 10.1 4.1 3.4 2.5 4.1

aOriginal sequence number
bFemales only
Reg, Registry; B, breast; CR, colon and rectum; L, lung; P, prostate; S, stomach; NH, non-Hodgkin; Pa, pa
and neck; Br, brain; H, Hodgkin
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Sk Le O U E HN Br H Other All 
sites

3.1 2.3 2.3 3.9 1.0 2.4 0.7 0.2 18.6 100.0
2.1 2.1 2.8 4.5 1.5 2.2 0.5 0.1 18.9 100.0

1.5 2.1 1.0 2.6 1.5 4.8 0.4 0.4 16.0 100.0

2.7 3.5 2.4 4.0 1.3 1.5 0.3 0.1 16.1 100.0

3.0 4.0 2.7 3.3 2.1 2.5 1.2 0.2 14.1 100.0

2.5 2.5 1.8 3.1 1.0 1.1 1.1 0.3 18.7 100.0

0.9 3.7 1.4 2.3 2.3 9.3 0.0 0.0 18.6 100.0
2.0 2.8 1.1 2.9 2.9 9.0 1.1 0.1 20.1 100.0
1.0 1.0 2.1 1.6 5.2 15.1 1.6 0.0 17.7 100.0
0.6 1.6 1.9 3.2 6.0 13.3 0.0 0.0 20.3 100.0
1.3 4.2 2.3 2.3 2.3 6.8 0.3 0.6 22.5 100.0
1.4 3.7 1.9 3.8 1.9 3.6 0.7 0.3 16.3 100.0

1.4 3.4 2.2 3.1 1.4 1.6 0.7 0.4 17.1 100.0

3.5 3.4 2.3 3.3 1.7 1.7 0.8 0.2 17.2 100.0

1.2 7.3 1.2 2.4 1.2 1.2 1.2 0.0 26.8 100.0
2.0 2.6 1.4 2.6 1.2 3.5 0.6 0.1 14.6 100.0

1.5 2.2 5.0 2.1 3.0 4.4 0.6 0.5 22.3 100.0

4.7 2.1 2.1 2.2 1.1 1.7 1.1 0.2 15.5 100.0

1.7 2.2 4.3 5.1 0.9 1.9 1.0 0.2 20.1 100.0
2.8 3.0 2.9 3.8 2.3 2.9 0.2 0.6 20.0 100.0

2.5 2.7 2.3 2.3 3.0 2.8 0.7 0.3 17.4 100.0
2.0 2.9 2.0 5.2 1.5 9.7 0.3 0.3 18.3 100.0

0.9 3.2 2.2 3.6 1.9 3.1 1.8 0.5 24.3 100.0
1.5 2.3 1.4 4.0 1.2 4.0 0.8 0.3 26.5 100.0

3.9 3.4 1.7 2.7 0.8 1.2 0.5 0.3 19.1 100.0

3.5 2.6 1.1 2.2 1.5 3.3 0.5 0.4 12.8 100.0

4.3 4.3 0.9 2.5 2.3 8.3 1.2 0.4 16.5 100.0

2.1 4.1 2.7 2.9 2.6 2.7 0.8 0.2 23.8 100.0

2.4 3.1 2.3 3.0 2.1 2.5 0.8 0.2 18.9 100.0

ancreas; K, kidney; Sk, skin (melanoma); Le, leukemia; O, ovary; U, corpus uteri; E, esophagus; HN, head



due to its large size, long follow-up of cancer survivors, and highly representa-
tive sample covering more than 10% of the U.S. population [8]. The criteria
applied by the SEER Program for MPM are different from those adopted by the
IARC; therefore, the SEER data cannot be directly compared with those of AIR-
TUM and EUROCARE.

In USA, 5-year relative survival rates for all cancers combined increased
steadily, from 50% in 1975–1979 to 66% in 1996–2002 among adults, and from
61to 79% among children. It has been estimated that, among those cancer sur-
vivors alive as of January 1, 2002, at least 750,000 (nearly 8%) had more than
one form of cancer diagnosed between 1975 and 2001 [9].

In SEER, the risks of subsequent cancers are systematically examined by
gender, age at diagnosis of the first tumor, and time since diagnosis, as well as
the initial treatment and histologic type of certain tumors. Whenever relevant,
the differences in subsequent cancer risk are noted by racial group.

Based on the nine original cancer registries comprising the program, SEER
provided data on more than 2 million cancer patients who survived at least 2
months (including nearly 390,000 patients surviving at least 10 years and 76,000
patients surviving ≥20 or more years), yielding close to 11 million person-years
at risk over the follow-up period from 1973 to 2000. Overall, cancer survivors
had a 14% higher risk of developing a new malignancy than would have been
expected in the general SEER population (O/E = 1.14, 95% CI = 1.14–1.15)
(Table 2.11). 

A total of 185,407 new primary cancers were observed compared with 
162,602 expected. (The risk of subsequent prostate cancers diagnosed following
an initial prostate cancer was excluded from the analysis, since typically these
second tumors are not reportable to SEER.) The estimate of the excess absolute
risk (EAR) among all patients combined was 21 excess subsequent cancer cases
per 10,000 person-years. A very large proportion (93%) of patients with multi-
ple cancers had microscopic confirmation of each malignancy (first, second, and
subsequent cancers), reflecting the high reliability of the SEER database and the
low likelihood that metastatic spread from the original malignancy would be
reported as a new tumor. For most cancer sites, subsequent risk according to age
at diagnosis was examined. As shown in Table 2.11, there were striking differ-
ences with respect to age, with a more than six-fold relative risk for survivors of
childhood cancer (O/E = 6.13). 

This finding is consistent with previous studies of childhood tumors, which
have implicated initial therapy and genetic susceptibility as major risk factors in
the development of new cancers [10, 11]. An age effect was further illustrated by
the 2- to 3-fold increased risk for patients diagnosed as young adults (ages
18–39 years), and by the 1.2- to 1.6-fold elevated risks for those ages 40–59
years. By contrast, the observed number of new malignancies was lower than
expected for survivors whose first cancer occurred at older ages (ages >80 years,
O/E = 0.92), which may be due to underreporting of second cancers among eld-
erly patients who are more likely to have competing risks from comorbid condi-
tions. In the combined analysis of all initial sites, the greatest burden of new
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malignancies was experienced by cancer patients initially diagnosed between the
age of 30 and 59 years, with EARs ranging from 32 to 39 per 10,000 person-
years. Overall, females had a slightly higher relative risk than males for all sub-
sequent cancers combined (O/E = 1.17 for females vs. 1.11 for males) (Table
2.11). However, the risk for males consistently exceeded that for females among
patients whose initial cancer occurred before the age of 60 years. 

Tobacco smoking and alcohol intake are major causes of cancer in the gen-
eral population and also appear to account for a sizable proportion of the new
malignancies among cancer survivors [12, 13]. More than 11,000 of the 25,000
subsequent cancers observed following the diagnosis of an initial cancer typical-
ly related to tobacco and/or alcohol (e.g., oral cavity/pharynx, esophagus, lar-

2  Epidemiology: Data from Cancer Registries 23

Table 2.11 Risk of subsequent primary tumor after any first cancer, by age at initial diagno-
sis (SEER 1973–2000)

Total Male Female
Age at initial O O/E EAR O O/E EAR O O/E EAR
diagnosis

All ages 185,407 1.14* 21 100,428 1.11* 22 84,979 1.17* 21

00–17 years 351 6.13* 15 176 6.44* 15 175 5.84* 15

18–29 years 1,401 2.92* 22 562 3.39* 22 839 2.67* 23

30–39 years 4,909 2.37* 39 1,530 2.88* 40 3,379 2.20* 38

40–49 years 13,537 1.61* 39 4,466 1.83* 52 9,071 1.52* 34

50–59 years 34,159 1.27* 32 15,957 1.33* 46 18,202 1.21* 24

60–69 years 62,286 1.13* 23 35,986 1.11* 25 26,300 1.14* 22

70–79 years 52,321 1.02* 4 32,419 1.00* 0 19,902 1.05* 9

>80 years 16,443 0.92* -19 9,332 0.92* -26 7,111 0.93* -14

*p <0.05
Note: All first primary cancers except for non-melanoma skin cancers are included in the
analysis. Subsequent cancers include 2nd. 3rd,. and later primaries and encompass all can-
cer sites, except non-melanoma skin and subsequent prostate cancers following first primary
prostate cancer due to their large impact on subsequent cancer risks for males. O, O/E, and
EAR were adjusted by excluding observed and expected numbers of subsequent prostate
cancers following an initial prostate cancer (O=44. E=15.185). The population at risk
includes 2,036,597 patients who survived 2 or more months after an initial diagnosis during
1973–2000 (1,038,089 males and 998,508 females. 9 SEER registries). Numbers of patients
surviving at least 5, 10, and 20 years were 789,221; 387,436; and 75,859 patients, respec-
tively. The age distribution at initial diagnosis was 3.4%, 14.2%, 44.2%, 25.6%, and 12.6%
for age groups <30, 30–49, 50–69, 70–79, and >80 years, respectively. The average age at
initial cancer diagnosis was 64.6 years for men and 62.5 years for women
O, Observed number of subsequent (2nd. 3rd. etc.) primary cancers; E, expected numbers of
subsequent cancers; O/E, ratio of observed to expected cancers, EAR, excess absolute risk
(excess cancers per 10,000 person-years)



ynx, and lung) occurred at sites also related to these exposures (Table 2.12). In
terms of absolute excess risk, tobacco/alcohol-related cancer sites accounted for
about 10,000 excess subsequent cancers, or >35% of the total excess subsequent
cancers occurring in this survey (initial cancer sites with O/E >1.0).
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Table 2.12 Risk of subsequent primary tumor after any first cancer strongly related to tobac-
co and/or alcohol exposure (oral cavity and pharynx, esophagus, larynx, lung, and bronchus),
by sex (SEER 1973–2000)

Subsequent Total Male Female
primary O O/E EAR O O/E EAR O O/E EAR
cancer

All sites 24,688 1.64* 114 17,491 1.58* 120 7,197 1.82* 105

Oral/pharynx 2,510 9.04* 26 1,742 7.78* 28 768 14.29* 23

Larynx, lung/ 8,084 2.95* 63 5,704 2.62* 66 2,380 4.26* 59
bronchus

Esophagus 999 5.49* 10 738 4.74* 11 261 9.94* 8

Bladder, renal 1,325 1.42* 5 1,116 1.38* 6 209 1.68* 3
pelvis, ureter

Kidney 447 1.48* 2 333 1.40* 2 114 1.78* 2
parenchyma

Pancreas 531 1.36* 2 346 1.28* 1 185 1.55* 2

Cervix uteri 60 1.16 <1 – – – 60 1.16 <1

Stomach 474 1.39* 2 395 1.44* 2 79 1.17 <1

*p <0.05
Note: The population at risk includes 410,688 patients who survived 2 or more months after
an initial diagnosis of cancer of the oral cavity/pharynx, esophagus, larynx, or lung/bronchus
during 1973–2004. Cancers of the oral cavity/pharynx are defined to include cancers of the
tongue, tonsil. mouth/floor of mouth, oropharynx, and hypopharynx. All subsequent cancers
include 2nd, 3rd, and later primaries and encompass all cancer sites except for non-
melanoma skin cancer
O, Observed number of subsequent (2nd. 3rd. etc.) primary cancers; E, expected numbers of
subsequent cancers; O/E, ratio of observed to expected cancers, EAR, excess absolute risk
(excess cancers per 10,000 person-years)

Conclusions

The majority (>80%) of MPM reported in the AIRTUM, EUROCARE, and
SEER databases arose in separate or independent organ systems. While a cer-
tain fraction of the subsequent tumors would be expected to develop at the same
rate as in the general population, the patterns of excess risk that emerged are
sufficiently distinctive to suggest risk factors that may be shared by the primary



and subsequent tumors, or an effect of cancer therapies that are potentially car-
cinogenic. The burden of second-cancer occurrence is not borne equally among
all cancer survivors. Instead, there are specific constellations of multiple tumors,
so that it is possible to tailor strategies for primary and secondary prevention,
including long-term medical surveillance aimed at the early diagnosis and treat-
ment of subsequent tumors [14, 15]. Lowering of the second-cancer risk, as
reported among survivors who changed their high-risk behaviors, most notably
by cessation of smoking and alcohol intake, indicates the need for behavioral
research and educational programs to reinforce the importance of lifestyle
changes that curtail exposure to cancer risk factors. Increased diet and physical
activity to reduce excess body weight, workplace and environmental improve-
ment, limited exposure to UVA and ionizing radiation should decrease the risk
not only of a first primary cancer, but also of subsequent ones for those at risk
and the population at large.
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Chapter 3

Bioinformatics in MPM: Using Decision Trees
To Predict a Second Tumor Site

Alberto Cavallo, Concetta Dodaro

Introduction

The availability of large databases of medical data has made it possible to apply
statistical methodologies designed to deal with large data sets to medical appli-
cations. One of the largest databases, comprising data on multiple primary
malignancies (MPM), is that of the NCI’s Surveillance, Epidemiology and End
Results (SEER) program [1]. SEER cases have been collected since 1973, with
constant updates and upgrades of the program during the subsequent years.
SEER thus provides an appealing source for statistical investigations of MPM.

The so-called data mining approach [2], with its corollary of event forecast-
ing, has been the subject of great interest in recent investigations. Its applica-
tions range from weather forecasting to “smart” internet research engines, to
fault detection for mechanical and electrical machines. In data mining, informa-
tion can be extracted directly from the data, without the need for pre-existing
knowledge or beliefs that could bias the conclusions. The technique makes use
of a “non-invasive approach to knowledge discovery” [3] by using different data
mining methodologies, e.g., fuzzy classification [4], rough sets [5], and decision
trees [6]. Basically, one property in the database, called the decision variable or
consequence, is assumed to be the result of other information, the attributes, or
premises. The idea is to extract “significant” information from a large mass of
data by obtaining only a minimal set of premise variables to describe the conse-
quence datum. This strategy can be used to filter out non-essential information,
thus revealing the inner structure of the physical phenomenon subtending the
data. In dealing with a large mass of data, some of the apparent relationships
among variables turn out to be due to chance, while others show themselves as
essential, thus belonging to the “true” structure of the phenomenon. When this
operation is completed, a model of the phenomenon is obtained, enabling the
analyst to predict future values of the decision variable based on the values
assumed by a known set of attributes. Different statistical techniques have been
developed to discover essential variables, mainly the use of “randomized” [7]
approaches. These result in a description of the phenomenon under study that is
reasonably free from random effects.  
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Here, a set of such methodologies is applied to the analysis of the occurrence
of a second primary neoplasm after the first one has been diagnosed. Although
very recent, the use of decision trees is not new in medical applications [8, 9];
what, to our knowledge, is new is their use in the prediction of second primary
cancers given the diagnostic data of a first malignancy. This prediction can sug-
gest follow-up strategies focusing on the symptoms of the possible – or, better,
of the most probable – subsequent primary tumors so as to allow for early-warn-
ing approaches to the future malignancy. 

Moreover, also an estimate of when the next neoplasm will show itself is of
interest. Roughly speaking, the time between the two diseases turns out to be a
stochastic variable with an exponential or geometric distribution; this result is
not surprising and is confirmed by the current literature. The interesting point
is that the choice between the above distributions depends on the premise vari-
able. This aspect is not detailed in this chapter but simply pointed out in the
most apparent cases, and it is the subject of further research. The chapter pres-
ents an organ-based investigation in which some of the more common sites for
the localization of a first tumor are considered. The most frequent second local-
izations are then sought (i.e., those whose relative frequency exceeds 5%) and
associated with premise variables by using a randomized algorithm to exclude
unessential premises. The result is compared to the relative risk associated with
the first cancer, so as to give a physical interpretation of the results of the algo-
rithm. Mean, variance, and median of the time-to-the-next malignancy are also
reported.

Methodology

The problem of predicting the most probable (i.e., most frequent) second tumors
based on a set of precursors is addressed herein. Specifically, different primary
sites are considered, i.e., anatomic districts where the first primary has made its
appearance, and then selected as the most significant according to the current lit-
erature and the authors’ experience. For each one of these sites, the probability
of a second tumor has been computed using the SEER data [10] from 1973 to
2004. Second tumors are associated with different variables and conditions,
measured at the time of diagnosis of the first cancer. These variables are consid-
ered as precursors (or premises) of the following cancer. In particular, the fol-
lowing premise variable is considered:
1. Age at diagnosis
2. Sex
3. Histologic type, with different coding criteria applied over the years, harmo-

nized according to [11] and the SEER documentation
4. Stage A, to be used cautiously, as reported in [12], with values: in situ (non-

invasive neoplams), localized (confined to the organ of origin), regional
(extended into surrounding organs), distant (extended to remote organs),
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localized/regional (only prostate), unstaged (insufficient information). See
[13] for further details

5. Grade, with the following values: I, well differentiated, differentiated, NOS;
II, moderately differentiated, moderately well differentiated, intermediate
differentiation; III, poorly differentiated, differentiated; IV, undifferentiated,
anaplastic; T-cell, T-precursor; B-cell, pre-B, B-precursor; null cell, non-T-
non B; NK (natural killer) cell

6. Primary organ (in case the primary site consists of different organs, as in the
case of the colon, which is divided into ascending colon, transverse colon,
etc.)

7. Race (white, black, Hispanic, other)

It must be stressed that, in spite of its impressive volume of data, the SEER
database lacks certain important elements, like familiarity of the disease and the
administration of chemotherapy. Radiotherapy is present, but a preliminary
analysis shows that its isolated presence is not sufficient to assess the influence
of the initial treatment on the second-tumor type, as reported also in [14].
Moreover, obviously the treatment has not yet happened at the time of the diag-
nosis, hence, strictly speaking, this variable is not available at the time of diag-
nosis. Finally, this piece of information is not uniformly available on the SEER
database but instead starts at different years (in some cases from 2003), and thus
still must be consolidated to be fully usable. For the above reasons, radiothera-
py information has been discarded from the analysis. Moreover, reducing the
cardinality (number) of the variables improved the readability of the results. 

Based on the above precursors, a decision tree was trained on individual
records, such that, for each patient, information regarding the location of the
new (second) tumor, the precursors, and the time of the second diagnosis was
collected. The resulting tree was used to display the most frequent locations for
the second tumor and the significant premise variables (i.e., those appearing in
the tree) and their values. Generally speaking, the most influential variables are
sex and age at first cancer diagnosis, followed by the primary cancer location,
and this confirms common sense. An interesting result is that information about
the patient’s race is absolutely unessential. Although it is well known that the
risk of different neoplasms is influenced by race [15], the effect of racial differ-
ences is null on the frequency of the second malignancy.

At this point, a short discussion on the method used is in order. The relative
risk of subsequent primary cancer is generally assessed based on the SIR (stan-
dardized incidence ratio) index, which is basically the ratio between the number
of observed second tumors and the number of expected subsequent cancers
(O/E). Starting from a cohort of patients affected by a given malignancy, their
clinical history is followed, and the number of patients hit by a second tumor is
counted and compared with the number expected in the general case of patients
without any previous neoplasm. This approach is interesting, and if the O/E ratio
is high (>1) in both directions, i.e., when the role of the two tumors (first and
second) is reversed, it indicates the presence of common factors predisposing to
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both cancers [16]. However, computing the SIR may be misleading, due to the
presence of bias factors [17], e.g., increased diagnostic screening following the
first primary cancer. Moreover, the role of the SIR as a “relative risk” index has
been criticized by authors showing that the SIR may, in some cases, overestimate
the true relative risk [18].

Nonetheless, in some specific cases there is a striking difference between
increase in risk and probability of a second tumor. For example, esophageal can-
cer as a first tumor increases the risk of a second cancer involving the oral cav-
ity and pharynx by more than 900%, although the probability of being hit by this
kind of cancer is still <5% for patients diagnosed with esophageal cancer. If the
prediction of a second cancer is the goal, a simple frequency computation may
yield more reasonable results, with the SIR explaining the discrepancies
between the frequencies in the general population and in patients hit by a previ-
ous cancer. For this reason, both indices, the SIR, as an index of increased risk,
and the frequency, as an index of the more probable second malignancy, have
been reported in this study. 

The general approach followed in epidemiologic studies is the cohort study,
which divides the general population into classes according to prescribed attrib-
utes (e.g. sex, age at diagnosis) and follows the clinical history of the classes
over the years. However, decision regarding which selection attribute to use to
define the cohort is rather arbitrary and is usually based on the researcher’s
knowledge and experience. An alternative approach, used in the field of dynam-
ic system identification [19], is to obtain partitions directly from the data by
using statistical techniques such as the data mining approach. 

In this study, a prediction (frequency) is deduced and presented by employ-
ing a decision tree computed with the MATLAB software [20] on data extracted
from the SEER database and using the SEER*Stat software [21]. However, since
a prediction of the second cancer is sought, not a simple classification, the pos-
sibility that some apparent associations are due to chance has to be considered.
In order to account for this possibility, a randomized method was considered in
building the decision tree, splitting the data set into different subsets to be used
for training and validation of the tree. Thus, only truly significant associations
are retained in the final tree, while rejecting those not significant enough from a
statistical point of view. For the same reason, a minimum split parameter of 10%
of the size of the group of individuals under study was selected.

Another result of the study is the estimate of the time to second tumor (TST)
for the different classes induced by the tree. For each anatomic district, the val-
ues of mean (μ), standard deviation (σ), and median (m) are reported below the
“leaves” of the tree. Further studies are needed to determine the best stochastic
model fitting the TST, although at first glance both the exponential and the geo-
metric distributions give good results.
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Case Study

As mentioned in the previous section, specific tumor sites must first be selected.
This is done by computing the most frequent cancer sites (whatever the order of
occurrence of the cancer) and the researchers’ experience, and selecting the first
anatomic districts. 

A SEER-Stat frequency session gives the results, sorted by frequency (Table
3.1).

Moreover, based on literature reports and experience, some anatomic dis-
tricts have to be specified, thus obtaining the following primary sites: (1) colon,
(2) rectum, (3) stomach, (4) esophagus, (5) lung and bronchus, (6) breast , (7)
prostate, (8) Hodgkin lymphoma, (9) urinary bladder, (10) kidney and renal
pelvis, (11) uterus, and (12) ovary.

Related to the frequency of the tumor is the concept of incidence, i.e., the
number of new cancers appearing each year. The incidence of the above malig-
nancies as first tumor is computed and shown in Table 3.2. The incidence is
obtained by computing only the first or only tumor in the SEER database.
Incidence rates are per 100,000 and age-adjusted to the 2000 USA Std
Population (19 age groups, Census P25-1130) standard.
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Table 3.1 Frequency of tumor sites by broad anatomic districts, ordered

Sites (broad) Count Frequency (%)

Digestive system 898,088 19.97

Respiratory system 673,141 14.97

Breast 669,083 14.88

Male genital system 661,673 14.71

All lymphatic and hematopoietic diseases 380,260 8.46

Urinary system 313,122 6.96

Female genital system 290,635 6.46

Skin, excluding basal and squamous cell carcinomas 165,962 3.69

Miscellaneous 115,330 2.56

Oral cavity and pharynx 114,862 2.55

Endocrine system 74,974 1.67

Brain and other nervous system 66,007 1.47

Soft tissue, including heart 27,524 0.61

Kaposi sarcoma 18,764 0.42

Mesothelioma 9,808 0.22

Bones and joints 9,384 0.21

Eye and orbit 8,400 0.19

Total 4,497,017 100.00



Now it is possible to begin our detailed analysis of different anatomic dis-
tricts. For each one, a prediction tree is computed showing only the second
tumors with a probability of occurrence >5%. SIR tables are derived in which
stratification is based on the first (the most important) subdivision defined by the
root node of the tree. This enables the comparison between results from the tree
analysis and the increase in risk suggested by the SIR.

Colon

With the primary site being the colon, the following anatomic districts are high-
lighted: cecum, appendix, ascending colon, hepatic flexure, transverse colon,
splenic flexure, descending colon, sigmoid colon, and large intestine.

By training a decision tree on the data obtained from the SEER database, the
tree for the most probable second tumors is shown (Fig. 3.1). As the main split
in the tree is based on the sex of the patient, the SIR is computed according to
the stratification of sex.Table 3.3 shows the SIR results for the main anatomic
districts. A further refinement can be made by using the SEER Stats software to
show that the influence of the colon (O/E = 1.57) alone within the digestive sys-
tem (O/E = 1.37) is rather high.

Female breast cancer, although very frequent, does not show significantly
increased risk.

Only three interesting variables have to be noted, according to the above tree:
sex, age at diagnosis, and sub-location of the first (colon) cancer. The strong
impact of an initial colon cancer on a second colon neoplasm is evidenced by
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Table 3.2 Age-adjusted incidence rates (per 100,000) for broad groupings of malignancies
as first cancer

Broad districts Male and female Male Female

Breast 58.7 0.9 106.9

Prostate 55.9 133.9 0

Lung and bronchus 53.9 77.8 36.1

Colon excluding rectum 34.7 39.2 31.3

Urinary bladder 17.1 30.1 7.6

Non-Hodgkin lymphoma 14.7 17.8 12.1

Rectum and rectosigmoid junction 14.1 18.2 10.9

Corpus and uterus, nos 13.1 0 23.9

Melanoma of the skin 12.2 14.4 10.8

Kidney and renal pelvis 8.5 11.8 5.8

Stomach 8.4 12.2 5.6

Ovary 7.2 0 13.2

Esophagus 3.8 6.4 1.8

Hodgkin lymphoma 2.8 3.2 2.4
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Fig. 3.1 Frequency tree for colon cancer. C, Colon; CU, corpus uteri; FB, female breast; LB,
lung and bronchus; P, prostate; R, rectum; UB, urinary bladder. μ, Mean; σ, standard devi-
ation; m, median

Table 3.3 Standard incidence rate (SIR) for colon cancer (*p <0.05)

Broad districts Male and female Male Female

Oral cavity and pharynx 0.98 1.01 0.92

Digestive system 1.37* 1.34* 1.42*

Respiratory system 0.93* 0.89* 1.01

Bones and joints 0.8 0.6 1.04

Soft tissue, including heart 1.07 1.12 1

Skin, excluding basal and 0.97 0.98 0.95
squamous carcinomas

Breast 1.02 0.8 1.02

Female genital system 1.12* 0 1.12*

Male genital system 1 1 0

Urinary system 1.04 1.05 1.02

Eye and orbit 1.14 1.23 1.03

Brain and other nervous system 0.82* 0.73* 0.94

Endocrine system 1.14 1.02 1.22

All lymphatic and 0.93* 0.91* 0.96
hematopoietic diseases

Mesothelioma 0.73* 0.74 0.62

Kaposi sarcoma 0.92 0.99 0.73



both the 57% increase in the SIR and the high frequency (for females with a first
cancer at the descending or transverse colon, or males under age 45 another
colon cancer is the event with highest probability). Generally, a second cancer is
expected after about 6 years. After about 4.5 years, half of the patients affected
by a colon tumor are struck by a second malignancy. However, male patients
under age 45 at first diagnosis are more likely to have a second colon tumor; also
the number of years between the two cancers is higher, perhaps due to the
younger age of these patients. Moreover, further investigation showed that the
importance of patients <45 years is much lower than that of patients above 45,
as the former represent only about 300 cases vs. more than 12,000. 

Rectum

If the primary site is the rectum, the rectum and rectosigmoid junction are the rel-
evant anatomic districts. Figure 3.2 shows the prediction tree. The O/E ratio is glob-
ally between 0.98 and 1.01, hence, no final consideration can be drawn about the
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Fig. 3.2 Frequency tree for rectal cancer. C, Colon; CU, corpus uteri; FB, female breast; LB,
lung and bronchus; P, prostate; R, rectum; UB, urinary bladder. μ, Mean; σ, standard devi-
ation; m, median



increase in risk. However, in some specific cases, the risk increases: digestive sys-
tem (O/E = 1.17), respiratory system (O/E = 1.07), urinary system (O/E = 1.14);
and for some anatomic districts the risk decreases: oral cavity and pharynx (O/E =
0.86), male genital system (O/E = 0.81), all lymphatic tumors (O/E = 0.90).

The complete data including male/female distinct SIR are reported in Table
3.4, where some differences between the sexes are apparent.

For women, breast cancer, although not correlated to rectal cancer, is still
the most frequent cancer. However, there is a high occurrence of colon malig-
nancy, as measured by the increased SIR for the digestive system; indeed, it is
the second most probable tumor for females. For males the analysis is more
complex in that, even if there is a reduced incidence of cancers of the genital
system, in two out of three subdivisions (elderly and younger men with stage-
localized disease) prostate cancer is the most probable malignancy. In the
remaining case, age under 67 and stage-distant, regional, or unstaged disease,
Lung cancer is the most probable, even if the O/E does not show any increased
risk. Hence, for men hit by rectal cancer the second most frequent malignancy
is not defined by an increased risk. Moreover, elderly men (over 67) are subject
to a second cancer in about half the time span than other patients, with a mean
below 5 years and 50% of new cases occurring within 3 years and 5 months
from the first diagnosis.

Stomach 

For the stomach as primary site, no sub-districts are defined. The prediction tree
is reported in Fig. 3.3, which shows that the only interesting variable is sex. The
O/E ratio is globally 0.94, at p <0.05, with excess risk -11.17 (i.e., about 11 peo-
ple less than what is expected) per 10,000. Only for the male endocrine system
does the risk increase (O/E = 2.14), while for the male genital system it decreases
(O/E = 0.83). All the remaining anatomic districts have confidence levels <95%.

It has to be stressed that for females there is no significant risk increase;
hence, the most frequent second cancers are the ones that could be expected
without a first cancer (see Table 3.1). For males, the reduction in prostate can-
cer is not strong enough to remove this cancer as the predominant second malig-
nancy, and the risk increase for low-frequency endocrine cancers is not high
enough to include the latter among the most frequent (>5%) second cancers.
Thus, the distribution of the second tumor follows the general pattern shown in
Table 3.1.

Esophagus

For esophageal tumors, no sub-districts are defined. The O/E ratio is globally
1.34, at p <0.05, with an excess risk of 63.6 per 10,000. In some specific cases,
the risk increases: oral cavity and pharynx, endocrine system, respiratory sys-
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tem, digestive system, while for two, male genital system and lymphatic dis-
eases, the risk decreases. The global SIR is reported in Table 3.5.

There is no tree, since the only predictive conclusion that can be drawn, inde-
pendently of the precursors, is that, after an esophageal cancer, the frequency of
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Fig. 3.3 Frequency tree for stomach cancer. μ, Mean; σ, standard deviation; m, median

Table 3.4 SIR for rectal cancer (*p <0.05)

Broad districts Male and female Male Female

Oral cavity and pharynx 0.86* 0.92 0.68*

Digestive system 1.17* 1.11* 1.26*

Respiratory system 1.07* 1.02 1.18*

Bones and joints 1.01 0.83 1.3

Soft tissue, including heart 0.86 0.99 0.62

Skin, excluding basal and 0.99 0.99 1
squamous carcinomas

Breast 1 1.28 1

Female genital system 0.96 0 0.96

Male genital system 0.81* 0.81* 0

Urinary system 1.14* 1.12* 1.20*

Eye and orbit 0.79 0.67 1.01

Brain and other nervous system 0.8 0.65* 1.06

Endocrine system 1.14 1.06 1.21

All lymphatic and 0.90* 0.87* 0.95
hematopoietic diseases

Mesothelioma 0.79 0.8 0.76

Kaposi sarcoma 1.21 1.08 1.78



cancers of the lung and bronchus may reach 20.2%, followed by prostate cancer
(15.0%) and colon cancer (9.1%). The increased frequency of cancers of the
lung and bronchus with respect to the standard values of prostate and digestive
system cancers (see Table 3.1) is easily explained by the increased risk of a sec-
ond cancer involving the respiratory system, as shown in Table 3.5.

Lung and Bronchus

For lung (and bronchus) as first primary site, no sub-districts are defined. The
prediction tree is rather complex, as seen in Fig. 3.4. Note that many precursors
are important in the prediction of a second neoplasm resulting from this type of
cancer, namely sex (the most important), age, stage, and grade. The O/E ratio is
globally 1.38 at p <0.05, with an excess risk 67.95 per 10,000. The risk increas-
es for oral cavity and pharynx and for the respiratory, endocrine, urinary, and
digestive systems, while decreasing for the genital system (male and female),
skin, brain and nervous system, and mesothelioma. For other anatomic districts,
the risk increase or decrease cannot be assessed by the 95% confidence level.
The most important variable for prediction is sex. The SIR, with partitioning by
sex, is shown in Table 3.6. 

Also in this case, the behavior for females is far easier understood than that
for males. Indeed, both the SIR and the frequency tree show that a first cancer
at the lung or bronchus region is strongly correlated with a second cancer at the
respiratory system. For males, another tumor at the respiratory system can be
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Table 3.5 SIR for esophageal cancer (*p <0.05)

Broad districts Global

Oral cavity and pharynx 9.07*
Digestive system 1.33*
Respiratory system 1.83*
Bones and joints 0
Soft tissue, including heart 0
Skin, excluding basal and squamous carcinomas 1.23
Breast 0.83
Female genital system 0.6
Male genital system 0.78*
Urinary system 1.04
Eye and orbit 0
Brain and other nervous system 1.05
Endocrine system 2.78*
All lymphatic and hematopoietic diseases 0.64*
Mesothelioma 0.53
Kaposi sarcoma 0



roughly foreseen if the first tumor appeared before the age of 65. After age 74,
a prostate tumor has to be expected, otherwise the most frequent second cancer
involves either the prostate or the respiratory system, depending on the stage and
grade of the first malignancy. The increase in risk of a second tumor to the res-
piratory system is confirmed by the SIR (Table 3.6).

Breast

No sub-districts are defined when the breast is the primary site. Breast cancer is
mainly present in females, as apparent from the male:female ratio (M/F) of 1.02,
i.e. male breast cancers are less than 1% of all cancer cases. For this reason, the
main decision variable in defining the most frequent cancer is not sex, but age,
as shown by the prediction tree in Fig. 3.5. The O/E ratio is globally 1.17, at p
<0.05, with an excess risk of 21.39 per 10,000. In some specific cases the risk
increases: breast, soft tissues, female genital system, skin, excluding squamous
and basal carcinomas, and endocrine system, while for the respiratory and brain
and nervous systems the risk decreases.
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Fig. 3.4 Frequency tree for cancers of the lung and bronchus. C, Colon; CU, corpus uteri;
FB, female breast; LB, lung and bronchus; P, prostate; R, rectum; UB, urinary bladder. μ,
Mean; σ, standard deviation; m, median
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Table 3.6 SIR for cancers of the lung and bronchus (*p <0.05)

Broad districts Male and female Male Female

Oral cavity and pharynx 2.33* 2.24* 2.65*

Digestive system 1.28* 1.27* 1.31*

Respiratory system 2.54* 2.09* 3.77*

Bones and joints 1.07 0.92 1.36

Soft tissue, including heart 1.14 1.09 1.23

Skin, excluding basal and 0.85* 0.81* 0.93
squamous carcinomas

Breast 1 1.39 1

Female genital system 0.74* 0 0.74*

Male genital system 0.91* 0.91* 0

Urinary system 1.59* 1.52* 1.88*

Eye and orbit 0.55 0.62 0.41

Brain and other nervous system 0.73* 0.68* 0.83

Endocrine system 1.94* 2.07* 1.84*

All lymphatic and 0.98 0.95 1.04
hematopoietic diseases

Mesothelioma 0.55* 0.59* 0.27

Kaposi sarcoma 0.84 0.96 0

Fig. 3.5 Frequency tree for breast cancer. C, Colon; CU, corpus uteri; FB, female breast; LB,
lung and bronchus; MB, male breast; MS, melanoma of the skin; P, prostate; R, rectum; UB,
urinary bladder. μ, Mean; σ, standard deviation; m, median



The SIR, partitioned according to age at diagnosis  is given in Table 3.7.
The SIR and the frequency analysis are in agreement, showing that in

patients under the age of 39 a subsequent breast cancer has to be expected after
the first (confirmed by the high SIR of 4.64). It has to be pointed out that the sta-
tistics for this situation apply almost exclusively to women, as the number of
males affected by a breast cancer before the age of 39 and subsequently hit by a
second cancer is very low (only 5 cases observed vs. 2,591 for women). For
females, after the age of 40 a second breast cancer is the most frequent malig-
nancy, although other the occurrence of other types is also significant, while for
males prostate cancer is the most frequent, as confirmed by the SIR in patients
until age 50. After 50, the probability of getting a prostate cancer is naturally
high for males, hence the SIR reduces to 1.12, with a further reduction after the
age of 70. This figure is not high enough to assess an increase in the risk of
prostate cancer, as the 95% confidence interval is [0.94, 1.32]. By contrast, there
is an increase in breast cancer in men 50–69, as confirmed by the SIR (not
reported here) for males only, which is very high (35.8) and reflects the relative-
ly high frequency (6.0%) of second breast cancer. For females, the constant risk
increase in cancers of the genital system following a first breast cancer it note-
worthy  and is confirmed by the high frequency of second tumors occurring in
the corpus uteri.
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Table 3.7 SIR for breast cancer (*p <0.05)

Age at diagnosis (years)

Broad districts 0–39 40–49 50–69 70+ All ages

Oral cavity and pharynx 1.46 1.19 1.1 0.95 1.07

Digestive system 1.19 1.05 1.02 0.95* 0.99

Respiratory system 1.87* 1.23* 0.99 0.76* 0.96*

Bones and joints 2.43 2.34* 1.31 0.62 1.29

Soft tissue, including heart 3.34* 1.32 1.48* 1.07 1.38*

Skin, excluding basal and 1.11 1.29* 1.12* 1.20* 1.17*
squamous carcinomas

Breast 4.64* 1.99* 1.43* 1.20* 1.56*

Female genital system 2.29* 1.29* 1.17* 1.26* 1.24*

Male genital system 4.07 2.00* 1.12 1.11 1.16

Urinary system 1.22 1.13 1.08* 0.93 1.03

Eye and orbit 2.12 1.73 0.82 1.21 1.08

Brain and other nervous system 1.62 1.24 0.84* 0.65* 0.86*

Endocrine system 1.19 1.2 1.16* 1.1 1.16*

All lymphatic and 1.87* 1.16* 0.99 0.87* 0.97
hematopoietic diseases

Mesothelioma 0 0.76 0.87 0.91 0.86

Kaposi sarcoma 3.59 0 0.82 0.85 0.86



Prostate

No sub-districts are defined for the prostate as primary site. As prostate cancers
subsequent to a prostate cancer are not reported to the SEER, this disease has
been excluded from the analysis. The global O/E ratio is 0.91. Figure 3.6 shows
the prediction tree.

The risk of second cancer involving the endocrine or urinary systems or the
soft tissues increases, whilst for Kaposi sarcoma, all lymphatic cancers, cancers
of the oral cavity, digestive and respiratory systems decreases. Other anatomic
districts have a confidence level <95%. The only variable of interest in comput-
ing the prediction tree is the age at the first malignancy. For this reason, a SIR
with the same age divisions was computed (Table 3.8).

Interpretation of the results is rather straightforward. For patients below 80
years of age, cancers of the respiratory system are highly frequent, although
there is a 20% reduction from the standard incidence. Over the age of 80, the
increase in the SIR for cancers of the digestive system, along with the decrease
in the SIR for those of the respiratory system, makes colon cancer the most fre-
quent. Note that for patients over age 80, due to the low number of cases, only
three anatomic districts have SIR values with 95% confidence. 
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Fig. 3.6 Frequency tree for prostate cancer. C, Colon; LB, lung and bronchus; S, stomach;
UB, urinary bladder. μ, Mean; σ, standard deviation; m, median



Hodgkin Lymphoma 

In the case of Hodgkin lymphoma two sub-districts are defined, nodal and extra-
nodal. The prediction tree is presented in Fig. 3.7. It shows a broad division
based on the sex attribute only. Accordingly, the SIR, shown in Table 3.9, is also
stratified by sex. The O/E ratio is globally 2.20, at p <0.05, with an excess risk
of 50.63 per 10,000. The risk increases for all lymphatic and hematopoietic dis-
eases, cancers of the oral cavity and pharynx, endocrine system, bones and
joints, soft tissues, respiratory, digestive and urinary systems, as well as for
breast cancer, Kaposi sarcoma, cancers of the female genital system, and skin
cancer; it decreases for cancers of the male genital system. 

A comparison of the prediction tree with the SIR table leads to the following
considerations. For women, the high incidence of breast cancer together with the
increased risk due to a lymphoma as a first cancer makes the probability of being
hit by a breast cancer as a second tumor very high. For men, the increased risk
and the high incidence of lung cancer makes this cancer the most probable sec-
ond malignancy, while the very high frequency of prostate cancer is somewhat
counteracted by the reduced risk probability, apparent from Table 3.8. This
reduces the total probability of getting a second prostate cancer to 11.3%. 
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Table 3.8 SIR for prostate cancer (*p <0.05)

Age at diagnosis (years)

Broad districts 0–74 75–79 >80 All ages

Oral cavity and pharynx 0.80* 0.90 0.77* 0.81*
Digestive system 0.90* 0.97 0.95* 0.92*
Respiratory system 0.80* 0.80* 0.72* 0.79*
Bones and joints 1.15 1.38 0.88 1.16
Soft tissue, including heart 1.20* 1.04 1.26 1.18*
squamous carcinomas
Skin excluding basal and 1.12* 1.12* 0.96 1.10*
Breast 1.02 0.91 1.07 1.01
Urinary system 1.05* 1.08* 0.99 1.05*
Eye and orbit 1.02 0.79 1.06 0.98
Brain and other nervous system 1.00 1.01 1.05 1.01
Endocrine system 1.22* 1.25 1.27 1.23*
All lymphatic and 0.99 0.92* 0.94 0.97*
hematopoietic diseases
Mesothelioma 1.07 1.10 0.85 1.05
Kaposi sarcoma 0.78 0.84 0.46 0.73*
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Fig. 3.7 Frequency tree for Hodgkin lymphoma. μ, Mean; σ, standard deviation; m, median

Table 3.9 SIR for Hodgkin lymphoma (*p <0.05)

Broad districts Male and female Male Female

Oral cavity and pharynx 3.36* 2.73* 5.47*

Digestive system 1.58* 1.63* 1.47*

Respiratory system 2.97* 2.75* 3.50*

Bones and joints 6.94* 2.83 13.41*

Soft tissue, including heart 6.91* 5.94* 8.57*

Skin, excluding basal and 1.56* 1.63* 1.46
squamous carcinomas

Breast 2.49* 3.88* 2.48*

Female genital system 1.69* 0 1.69*

Male genital system 0.83* 0.83* 0

Urinary system 1.29* 1.23 1.51

Eye and orbit 0 0 0

Brain and other nervous system 1.11 1.27 0.82

Endocrine system 3.30* 3.43* 3.25*

All lymphatic and 4.95* 4.64* 5.53*
hematopoietic diseases

Mesothelioma 2.08 2.49 0

Kaposi sarcoma 2.16* 1.92* 18.09*



Urinary Bladder

No sub-districts are defined with the urinary bladder as primary site. Figure 3.8
shows the prediction tree. The O/E ratio is globally 1.21, at p <0.05, with the
excess risk of 45.21 per 10,000. The risk increases for cancers of the urinary, res-
piratory, and male genital systems and decreases for skin cancers, excluding
basal and squamous carcinomas, and for Kaposi sarcoma. The detailed table,
divided by sex, is reported in Table 3.10.

In this case, the large SIR for cancers of the female respiratory system is
responsible for the high frequency of cancers of the lung and bronchus for
women, while for men the high underlying frequency of prostate cancer,
although associated with a relatively moderate increase in risk of 15%, makes
prostate cancer the second tumor in about one third of the cases considered. The
second most frequent cancer is breast cancer for women, basically due to its own
high frequency, and cancers of the lung and bronchus for men. 

Kidney and Renal Pelvis 

In the case the primary site is the kidney or the renal pelvis, only “kidney” and
“renal pelvis” sub-districts are considered. The prediction tree is in Fig. 3.9. The
O/E ratio is globally 1.33, at p <0.05, with an excess risk of 53.42 per 10,000.
In some specific cases, the risk increases, i.e., for skin cancers, excluding basal
and squamous carcinomas, and for cancers of the urinary, endocrine, respirato-
ry, and male genital systems; it decreases for cancers of the oral cavity. 

In this case the main branch variable is histologic type ICD-O-3, which is not
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Fig. 3.8 Frequency tree for urinary bladder cancer. μ, Mean; σ, standard deviation; m, medi-
an
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Table 3.10 SIR for urinary bladder cancer (*p <0.05)

Broad districts Male and female Male Female

Oral cavity and pharynx 0.92 0.91 0.98

Digestive system 1.02 1.01 1.07*

Respiratory system 1.62* 1.54* 2.15*

Bones and joints 1.55 1.45 1.92

Soft tissue, including heart 1.16 1.18 1.06

Skin; excluding basal and 0.90* 0.86* 1.1
squamous carcinomas

Breast 0.96 1.03 0.96

Female genital system 1 0 1

Male genital system 1.15* 1.15* 0

Urinary system 1.66* 1.48* 3.28*

Eye and orbit 0.95 1 0.7

Brain and other nervous system 0.89 0.91 0.8

Endocrine system 1.01 1.04 0.96

All lymphatic and 0.96 0.93* 1.08
hematopoietic diseases

Mesothelioma 1.04 1 1.78

Kaposi sarcoma 0.54* 0.47* 1.39

Fig. 3.9 Frequency tree for kidney and renal pelvis cancer. C, Colon; CU, corpus uteri; FB,
female breast; K, kidney; LB, lung and bronchus; P, prostate; UB, urinary bladder. μ, Mean;
σ, standard deviation; m, median



a very intuitive variable. Roughly speaking, and considering only the most fre-
quent values comprising the data, histologic types below 8,135 are related to
urothelial/transitional cell tumors, while values above 8,135 refer to renal can-
cers. In order to gain deeper insight into the importance of this variable, a SIR
table was computed with the same histologic partitioning (Table 3.11).

The table clearly shows that the risk of a second cancer to the urinary system
for histologic types below 8,135 is so high that this variable assumes the role of
an almost certain indicator of second malignancy. Indeed in more than half of
patients with histologic type less than 8,135, the second cancer involved the uri-
nary bladder (see Fig. 3.9). The SIR exhibits the usual behavior for histologic
types above 8,135. This explains why the second branch of the tree is the clas-
sic variable “sex”, with the classic sex-based second malignancies (prostate can-
cer for males and breast cancer for females).

Uterus

In the case of the uterus, tumor data for three anatomic sub-districts are defined:
cervix uteri, corpus uteri and uterus, NOS (not otherwise specified). The predic-
tion tree is given in Fig. 3.10. The O/E ratio is globally 0.96 at p <0.05, with a
negative excess risk of -4.39 per 10,000. This is due in large part to the selection
of both kinds of tumors together. If only cervix uteri cancer is considered, the
O/E ratio increases to 1.25, with an excess risk of 19.41 per 10,000. Even when
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Table 3.11 SIR for urinary kidney and renal pelvis cancer (*p <0.05)

Broad districts Total 8000–8135 8136–9989

Oral cavity and pharynx 0.75* 0.96 0.72*

Digestive system 1.03 1.02 1.03

Respiratory system 1.12* 1.78* 1

Bones and joints 0.98 0 1.14

Soft tissue, including heart 1.39 1.01 1.46

Skin excluding basal and squamous carcinomas 1.24* 1.41 1.22*

Breast 0.97 1.01 0.96

Female genital system 0.94 1.15 0.91

Male genital system 1.18* 1.03 1.20*

Urinary system 3.93* 14.39* 1.99*

Eye and orbit 1.02 1.94 0.86

Brain and other nervous system 1.06 1.03 1.07

Endocrine system 2.90* 1.35 3.11*

All lymphatic and hematopoietic diseases 1.07 0.75 1.12*

Mesothelioma 1.26 1.72 1.18

Kaposi sarcoma 0.7 0 0.81



both sites are considered together, in some specific cases the risk increases, i.e.,
for bones and joints, soft tissues, urinary, and digestive systems, whilst it
decreases for breast, eye and orbit, and female genital system. According to the
frequency tree (Fig. 3.10), a division between primary cancer of the cervix uteri
and other forms involving the uterus has to be made. The SIR table has been
computed accordingly (Table 3.12). 

The results in Table 3.12 and in Fig. 3.10 can be explained by noting that the
increased risk in the case of corpus uteri and uterus NOS is not enough to justi-
fy a true risk from different sites. Therefore, the most frequent second cancer is
the high-frequency breast cancer, while if the primary site is the cervix uteri
there is an increase in the risk of cancer at the respiratory system, as shown by
the high frequency of cancers of the lung and bronchus in the elderly (see also
[22]).

Ovary

In the case of ovary tumor data, no sub-districts are defined. There is no tree,
since the only predictive conclusion that can be drawn, independently of the pre-
cursors, is that after an ovarian cancer the frequency of breast cancer reaches
31.4%, followed by colon cancer (11.5%), and cancers of the lung and bronchus
(11.4%). The time between the occurrence of the first and second tumors is a
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Fig. 3.10 Frequency tree for uterine cancer. C, Colon; FB, female breast; LB, lung and
bronchus; O, ovary; UB, urinary bladder. μ, Mean; σ, standard deviation; m, median



mean 10 years and 2 months, with a standard deviation of 7 years and 10 months
and a median 8 years and 5 months. The O/E ratio is globally 1.05 at p <0.05,
with an excess risk of 4.62 per 10,000. In some specific cases the risk increases:
eye and orbit (O/E = 2.71), all lymphatic and hematopoietic diseases (O/E =
1.46), urinary (O/E = 1.37) and digestive systems. For breast cancer and cancers
of the female genital system, the risk decreases (O/E = 0.44).

The frequency results are clearly in accordance with the general incidence
data (female breast first) and with the increased: whenever a cancer has a high
frequency and the SIR does not show a strongly reduced risk, this cancer has a
good probability to appear as a second tumor. 

Conclusions

In this chapter; the occurrence of a second tumor after a possible cure from the
first one has been considered. Our approach is not based on an increase in risk
due to the primary, but on the most frequently appearing second cancer. Several
factors contribute to this type of analysis, including sex, race, age at diagnosis,
location of the first cancer, histology, grade and stage. Globally, the most impor-
tant elements are sex and age at diagnosis, followed by location and stage of the
first tumor. In the case of the first malignancy at the respiratory system, tumor
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Table 3.12 SIR for uterine cancer (*p <0.05)

Broad districts Cervix uteri Corpus and uterus, NOS

Oral cavity and pharynx 1.78* 0.71*

Digestive system 1.32* 1.06*

Respiratory system 2.36* 0.79*

Bones and joints 2.95* 1.66

Soft tissue, including heart 1.59 1.54*

Skin, excluding basal and 0.70* 0.98
squamous carcinomas

Breast 0.74* 1.02

Female genital system 1.16* 0.33*

Male genital system 0 0

Urinary system 2.02* 1.27*

Eye and orbit 0.29 0.55

Brain and other nervous system 0.67 0.93

Endocrine system 0.92 0.9

All lymphatic and 1.1 0.93*
hematopoietic diseases

Mesothelioma 1.25 0.92

Kaposi sarcoma 2.74 1.29



grade is important, while tumor histology is important in the case of a first tumor
involving the kidney and renal pelvis. Interestingly, the patient’s race does not
affect the location of the second neoplasm. The SIR, which is based on a parti-
tion induced by the prediction trees for each district, was used as a measure of
relative risk in order to explain the differences between cancer frequencies
before and after being hit by a malignancy. Determination of the time-to-second-
tumor provided a stochastic variable of which the mean, standard deviation, and
median were presented. At a first approach this variable can be modeled only as
an exponential stochastic variable; however, it deserves further, specific investi-
gation since it can offer clues about the need for a time-varying description of
the classes defined by the trees, especially when the constant rate hypothesis of
the exponential distribution cannot be assumed to hold.
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Chapter 4

Carcinogenesis

Nicola Carlomagno, Francesca Duraturo, Gennaro Rizzo, Cristiano
Cremone, Paola Izzo, Andrea Renda

Introduction

Carcinogenesis is the process that determines the evolution of cancer and it is
triggered from mutations in the DNA of normal cells. The resulting alteration in
the equilibrium between proliferation and programmed cell death leads to
uncontrolled cell division and, therefore, tumor formation. Before the arrival of
biomolecular techniques, which revealed that cancer is a pathology with genet-
ic origins, there were various hypotheses regarding the etiology of this complex
disease.

Historical Notes

The discovery of cancer has very deep roots in the history of humanity. The first
hypothesis, valid until the Modern Era, was inherent in the Galenic-Hippocratic
theory, which established that human health depends on an equilibrium of the
four “humors” (blood, mucus, and yellow and black bile). The tumor was thus a
tangible expression of a grave humoral disturbance (provoked, for example, by
a local concentration of black bile), and its excision would eliminate any conse-
quences of the illness but would not completely resolve the disease. Surgical
removal of the tumour was merely symptomatic. Instead, the aim of treatment
was to restore the internal humoral equilibrium, as indicated by Galeno. This
view was confirmed by the observation of the disease course, as tumor-related
illness was often fatal and not influenced by surgical interventions. In the
16th–17th century, the humoral theory was still very much accepted. Fabricius
Hildanus (1560–1634) [1], one of the Fathers of German surgery and author of
the six-volume work, “Observationum et curationum chirurgicarum centuriae”,
(Fig. 4.1), analyzed the causes of unsuccessful surgery, above all in the treatment
of tumours. In addition to pointing out insufficient technique, he stigmatized the
lack of general cognition of medicine among surgeons: “poorly educated and
reckless as they are, they do not take into consideration and do not treat the
humoral problem, the fundamentals of the growth of tumours!”
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Signs of change developed in the 18th century, when the famous English sur-
geon Percival Pott (1714–1788) posed the question: How does cancer arise?
Almost 100 years later, A.W. Volmann was able to correlate environmental fac-
tors (skin contact with asphalt and black smoke) with the occurrence of tumors.
This was followed in the 19th century by the insights of Muller and Virchow into
carcinogenesis. Rudolph Virchow, in his “Die Cellular pathologie”, (1858),
translated into English in 1860, first observed that new cells always come from
pre-existent ones ‘omnis cellula e cellula’ (every cell from cell). He demonstrat-
ed that cancerous cells do not exist in and of themselves, regardless of how large
or widespread the tumor may be; rather, it arises from a normal cell. The cancer-
ous cell is not strange to our organism; it is a mutated, degenerate cell and there-
fore, can originate, at any time, from a very small cellular alteration.

In 1915, the Japanese researchers K. Yamagiwa and K. Ichigawa were able to
experimentally reproduce tumors in laboratory animals. H.A. Gaylord (1906)
hypothesized that tumors were of autoimmune origin. He observed that mice,
infected with tumor cells, healed spontaneously, rejecting the carcinogenic cells
upon subsequent inoculation, or became resistant. Further progress was made
based on the work of the biologist T. Boveri, who demonstrated that in tumor
cells, alongside the usual diploid configuration, abnormal mitotic figures, often
tetraploid, at times even polyploid and irregularly distorted, could be seen dur-
ing cell division. These observations gave rise to “the hypothesis of chromosome
mutations.” In 1920, R.C. Whitman and K.H. Bauer proposed the “theory of
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chirurgicarum centuriae, a six-volume
work by Fabricius Hildanus (1560–1634),
father of German surgery



somatic mutations,” in which tumor proliferation was suggested to originate
from genetic lesions of somatic cells. In 1928, Karl Heinrich Bauer [2] was one
of the first to propose a genetic basis for the development of cancer, which was
confirmed many years later by molecular biology. Today, the genetic features of
tumor cells are the focal point of oncological research [3–5].

It has now been shown conclusively that cancer results from the accumula-
tion of DNA damage. Substances that cause mutations are known as mutagens,
and mutagens that cause cancer are referred to as carcinogens. Already in 1955,
E. Bonser identified carcinogenic substances in metabolic products. Since then
many substances and behaviors have been associated with specific types of can-
cer, e.g., cigarette smoking, prolonged exposure to radiation, in particular to
UVA, the inhalation of asbestos fibers). In more general terms, a carcinogen is
the chemical, physical or biological agent that causes, promotes, or spreads can-
cer, either by acting directly action on DNA or by interfering with metabolic
processes regulating programmed cell death. Carcinogens are classified accord-
ing to international guidelines. In 1971, Ryser [6] summarized the main proper-
ties of carcinogenic agents and their effects: irreversibility, additive action, long
latency period, transmission of the provoked lesion with cell replication. 

The Molecular Basis of Cancer

As a genetic disease, or one that is determined by a genomic mutation, cancer
can be viewed on a cellular level as the development of clones that differentiate
in a diverse manner with respect to the parent cell. Therefore, all tumor cells
originate from a single cell in which the regulation of proliferate has been
altered. Currently, hundreds of genetic alterations have been linked to neoplas-
tic pathologies.

Accordingly, the education of a surgeon must be enriched by an understand-
ing of the basic principles of molecular biology, and thus the pathogenesis and
clinical implications of genetic mutations. The surgeon must be familiar with the
terms and concepts formerly used only by the laboratory physician, such as
gene, genome, protein, transcription, mRNA, mutation, codons, exons, etc.

Cells are the fundamental unit of life. They are capable of maintaining chem-
ical and physical conditions that differ from those of the surrounding environ-
ment and which are necessary to carry out vital metabolism. The numerous cells
that constitute multicellular organisms derive from continuous divisions but
originate from a single original cell. 

The progression from normal tissue to cancer is marked by defects in cellu-
lar processes. Such “hits” are determined by the presence of mutations, or other
alterations, of genes involved in cellular proliferation and interactions. The fun-
damental mechanisms can involve DNA synthesis and thus cellular replication,
due, for example, to exposure to carcinogenic factors, including ionizing or UV
radiations, viruses, and chemical substances, (drugs, pesticides, conserving
agents, etc.), or, in hereditary forms of cancer, to defective germinal cells.
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Different genes can be implicated in carcinogenesis, such as those responsi-
ble for mutations in what will thus become tumor cells. These oncogenic, onco-
suppressor, and DNA repair genes can bring mutations either in the germinal or
in the somatic line. 

Normal cellular proliferation is the result of an equilibrium between the
genes that promote and those that suppress growth. If the first type of gene is
activated by an amplification or mutation in a hyperfunctional sense, the effect
on cellular growth will be positive. These genes are known as oncogenes. They
encode proteins that regulate the cell cycle and are often targets of mutations
during neoplastic transformations. Oncogenes generally stimulate cell prolifera-
tion and/or inhibit programmed cell death (apoptosis). So-called proto-onco-
genes are typically involved in the transmission of stimulating signals from the
receptors of growth factors [7] whereas onco-suppressor genes have opposing
actions, encoding anti-proliferation proteins (i.e., pRb, p15 and p16) that nega-
tively control cell division. Onco-suppressors are inactivated in some tumors,
leading to the loss of proliferation control. However, in contrast to proto-onco-
gene, both copies of an oncosuppressor gene must be lost or inactivated to pro-
duce a malignant transformation.

DNA-repair genes maintain the integrity of genetic information and scan for
eventual DNA mismatches; therefore, they are responsible for correct DNA syn-
thesis during replication. Replication errors are recognized by hMSH2, hMSH6,
and hMSH3 proteins, homologous to yeast mutS. Formation of a complex con-
sisting of hMLH1 and hPMS2, homologous to yeast mutL proteins, is necessary
for detecting and repairing mismatches.

The oncogene, oncosuppressor and DNA repair genes responsible for hered-
itary colorectal cancer (CRC) can be divided into two categories: caretaker and
gatekeeper. Caretakers maintain the integrity of the genetic information con-
tained in each cell. They arrest proliferation in cells with chromosomal damage.
The loss of these genes does not cause uncontrollable cell growth but accelerates
carcinogenesis, facilitating the accumulation of mutations in gatekeeper genes.
These codify proteins that stimulate or inhibit cellular proliferation, differentia-
tion, or apoptosis. 

The relationship between the somatic and germinal mutations that cause
some tumors was clarified in the 1970s. In observations of sporadic and inherit-
ed cases of retinoblastoma, Knudson 8, 9] noted that hereditary neoplasms were
more frequently bilateral, multicentric, and occurred earlier than neoplasms that
arose sporadically. He hypothesized a model in which two mutational events
(“hits”) were required for tumor development. In the inherited form of
retinoblastoma, the first hit occurred in the germ line (and therefore in all cells
of the individual) and the second, later hit in the somatic line. An important
implication of this model is that the gene affected in the familiar form is the
same one that is subsequently affected by a somatic mutation, i.e., both alleles
are altered. The analysis of such tumors has provided important information that
has furthered our understanding of the biological basis of the most common can-
cers provoked by somatic mutations, and thus of carcinoma progression. 
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The hypothesis formulated by Fearon and Vogelstein [3] described carcino-
genesis as a multi-step process in which a series of sequential genetic mutations
specified the biological nature of the tumors. For example, a series of steps was
needed in the malignant transformation of a normal epithelial cell to a cancerous
cell. In each step a specific proto-oncogene and/or onco-suppressor gene (APC,
K-ras, DCC, MCC, p53) was mutated (Fig. 4.2). Such alterations could be
caused by casual errors of replication, by exposure to environmental carcino-
gens, by ionizing radiation, and/or by viral or hormonal factors. Consistent with
the two-hit hypothesis, people who were carriers of genetic mutations in the
above-mentioned genes would be particularly vulnerable to these agents.

Currently, this model has been irrefutable, but it is likely that other mecha-
nisms, still unknown, intervene in the malignant transformation process. The
multiple characteristics of a metastatic cell make it highly likely that more than
the inactivation of a single gene is required for the spectrum of events that result
in cancer.

Carcinogenesis is the result of DNA damage in a normal cell that confers a
growth and survival advantage [9–13]. DNA damage is the result of gene-envi-
ronment interactions on multiple levels, including the susceptibility for genetic
alterations, inherited from parental genes [14, 15]. Along with this inherited
genetic background, cells are assaulted by a variety of gene-damaging environ-
mental agents, including radiation, viruses and other microbes, and chemical
carcinogens, as well as the free radicals that are products of normal cellular
processes and which accumulate with age. These DNA-damaging agents are
modulated by host defenses and intrinsic cellular and extrinsic noncellular risk
modulators. Host defenses include the state of the patient’s immune system,
nutritional status, and comorbid conditions. Intrinsic risk modulators are inher-
ited traits that do not contribute directly to DNA damage but modulate the cel-
lular environment; for example, how well hepatic metabolic enzymes such as
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CYP3A modulate drug and hormonal activities [16]. Extrinsic risk modulators
are best characterized by chemopreventative agents, including antioxidants such
as selenium and vitamin E, which remove damaging oxygen radicals from the
intracellular space by facilitating their breakdown to water [17].

Regardless of how damage to the genome originates, cancers arise from
mutations that result in a group of common characteristics, or “hallmarks,” that
define the minimum set of survival traits that a cancerous  cell must acquire to
flourish. The common characteristics of malignant cells include: genetic insta-
bility, limitless replicative potential (immortality), anchorage-independent
growth, stimulation of angiogenesis, evasion of programmed cell death (apopto-
sis), and ability to grow independently of stimulation by growth factors.

The physiological, programmed cell death is known as apoptosis, from the
Greek term that indicates the falling of leaves and petals. It is the process by
which cell proliferation is balanced by an appropriate cellular death thereby
maintaining tissue homeostasis [7, 18–21]. Since the early 1990s, apoptosis
research has yielded spectacular results. Apart from its importance as a biologi-
cal phenomenon, apoptosis is of enormous medical importance, since defective
apoptosis plays a role in numerous diseases, such as the loss of cells in
Parkinson’s disease, while the absence of apoptosis may contribute to the under-
lying uncontrolled growth of tumors. 

In contrast to apoptosis, which is a physiological, genetically programmed
process that is highly regulated and requires energy (in the form of ATP), necro-
sis is passive, energy-independent, and provoked by acute physiological damage
(e.g., ischemia, mechanical damage, and toxins). During necrosis there is
destruction of cytoplasmic membrane resulting in the swelling and, ultimately,
lysis of cells. As a result, the contents of the cytoplasm are freed into the extra-
cellular space, causing inflammation with necrosis and destruction of neighbor-
ing tissues.

Angiogenesis is the development of new blood vessels from the existing
vasculature. It occurs in a highly regulated manner in normal physiological
processes such as wound healing and is closely bound to the hemostatic system
in the presence of vascular damage. Following injury, hemostasis regulates
platelet adherence and fibrin formation, thereby stopping the bleeding; while
angiogenesis governs the formation of new blood vessels, a vital step in wound
healing. Once clot stabilization is achieved, angiogenesis is modulated by pro-
teins and peptide fragments generated from the coagulation and fibrinolytic
systems [21–23]. Angiogenesis consists of several steps: endothelial cell (EC)
proliferation and migration, basement membrane degradation, and new lumen
organization [24, 25]. This multi-step process is determined by a net balance
between circulating pro- and anti-angiogenesis regulators that are released from
activated ECs, monocytes, smooth muscle cells, and platelets [24, 25]. The reg-
ulation of cellular and molecular mediators by autocrine and paracrine mecha-
nisms results in a coherent interplay between angiostimulators and angioin-
hibitors (Table 4.1) [26].

Tumor survival depends on new blood vessel growth, which consists of three
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steps: angiogenesis, vasculogenesis, and intussusception [27]. In 1971, Folkman
described the crucial role of angiogenesis in cancer growth [28]. Tumors need
oxygen and essential nutrients to grow. Angiogenesis is fundamental to tumor
growth, invasion, and metastasis. For a cancer to grow more than 2–3 mm, it
requires its own blood supply to meet the demands of cell metabolism [28].
When tumors are very small, oxygen and nutrients can diffuse into the cells,
whereas tumor growth and metastasis require the development of an adequate
vasculature. In addition, the rich vascular network typical of solid tumors allows
the entry of malignant cells into the circulation, facilitating the metastatic
process. By activating the haemostatic system, tumor cells induce the production
of proangiogenic factors. The newly formed blood vessels allow the tumor to
enlarge more rapidly and increase the surface area through which tumor cells
can escape and metastasize [29–33].

Once the angiogenic switch has occurred, the tumor cells can grow exponen-
tially, due in part to the their symbiotic relation with endothelial cells: angio-
genic factors secreted by malignant cells increase the number of local blood ves-
sels, which in turn secrete paracrine factors that promote tumor growth [34].

Angiogenesis also has an important prognostic role, determining resistance
to chemotherapy (poor penetration of drugs) and to radiotherapy (due to the dis-
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Table 4.1 Factors influencing neoangiogenesis (adapted from [26])

Angiostimulators Vascular endothelial growth factor (VEGF)
Basic and acidic fibroblast growth factors (bFGF, aFGF
Platelet-derived endothelial cell growth factor
Matrix metalloproteinases (MMPs)
Insulin-like growth factor (IGF)
Epidermal growth factor (EGF)
Interleukins: IL-1, IL-4, IL-6, IL-8, IL-15
Angiogenin
Integrins ?v1?3 and ?v1?5
Endotoxin
Endothelin-1
Angiopoietin-1 (Ang-1)
Tumor necrosis factor (TNF)-α (in vivo) )  

Angioinhibitors Thrombospondins-1, -2
Endostatin
Angiostatin
Interferons: IFN-α, IFN-β
Interleukin-12
Drugs: Tamoxifen, thalidomide, captopril, dexamethasone,
indomethacin, diclofenac
Angiopoietin-2 (Ang-2)
TNF-α (in vitro)



tortion of the vascular architecture of the tumor and the increased interstitial
pressure); furthermore, the inhibition of specialized cells decreases the efficacy
of immune surveillance, and thus facilitates tumor formation.

Metastasis results from a very complex series of events involving many dif-
ferent molecules. Recently, progress has been made in elucidating these events.
Genes encoding proteins that are directly or indirectly involved in adhesion,
invasion, survival, and cell growth have been linked to mechanisms of liver
metastasis, such occurs in colorectal cancer (Table 4.2) [35]. Moreover, the
expression of some of these genes are indicative of a poor prognosis (SNRPF,
EIF4EL3, HNRPAB, DHPS, PTTG1, COL1A1, COL1A2, LMNB1) whereas
others correlate with a low risk of metastases (ACTG2, MYLK, MYH11, CNN1,
HLA-DPB1, RUNX1, RBM5). Several cellular factors (chemokines, cytokines,
proteases, coagulation cascade) involved in metastasis have been further identi-
fies as determinants of a lethal phenotype [10].
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Table 4.2 Genes encoding proteins that are directly or indirectly involved in liver metastasis
(adapted from [35])

Function Protein  

Adhesion  E-Cadherin,
Epithelial cell adhesion molecule
P-and L-selectin
Carcinoembryonic antigen (CEA)
Integrin αvβ5
sLex and sLea
Osteopontin (OPN)
Intracellular adhesion molecule (ICAM-1)
Vascular cell adhesion molecule (VCAM-1)
CD44v6

Invasion  Cathepsin B
MMP-7, MMP-2, MMP-9  

Angiogenesis Angiopoietin
Vascular endothelial growth factor (VEGF)
Thrombospondin-1 (TSP-1)
Angiostatin
Endostatin
Thymidine phosphorylase (dThdPase) or platelet-derived
endothelial cell growth factor (PDECGF) 
Survival FAS receptor (CD95) 
TRAIL receptors (-R1, -R2, -R3, -R4) 

Cell growth Epidermal growth factor receptor
c-erb-2
c-Src/β-arrestin 1



Multiple Cancerogenesis 

Multiple cancerogenesis is an interesting, complex, and fascinating phenome-
non, an understanding of which draws upon much of the above discussion.
Drugs, radiations, and a genetic predisposition are among the many factors/car-
cinogens that, acting alone or together and at the same or different time, lead to
the development of multiple primary malignancies (MPM). Nonetheless, further
biomolecular and epidemiological studies are needed to shed light on their exact
associations with MPM. For example, it remains to be determined which factors
are predominantly or exclusively hereditary. The effects of the simultaneous or
metachronous occurrence of single or multiple external factors and their rela-
tionship to each other also remains poorly understood. 

The prolonged exposure to carcinogens acting at multiple anatomic sites
must be taken in account. It is well known that some substances or behaviors
provoke cancer in more than one organ, with different latencies (cigarette smok-
ing, chemical agents, viruses). Thus, a person who has recovered from a tumor
generated by one of these causes must change his or her lifestyle with respect to
exposure to avoid developing MPM. 

Iatrogenic MPM is extensively discussed elsewhere in this volume. Many
types of antiblastic and radiotherapies, especially at particular doses, can act as
carcinogens. This is evidenced by the high percentage of MPM in some oncolo-
gy patients, with the later onset of leukemia, lymphoma, or other solid tumors
years after therapy. Some immunologic disorders predispose patients to MPM.
They are also extensively reviewed in this volume. 

In an attempt to explain from a biological point of view the increased fre-
quency of MPM, several hypotheses from a recent paper by Anisimov [36] on
aging and cancer of interest. The author cited three major concepts to explain the
well-documented association between cancer and age. First, the association is a
consequence of the duration of carcinogenesis, i.e., longer life implies a more
prolonged exposure to carcinogens. Second, age-related progressive changes in
the internal milieu of the organism may provide an increasingly favorable envi-
ronment for the induction of neoplasms and the growth of otherwise latent
malignant cells. Third, the cancer-prone phenotype of older humans may reflect
the combined effects of cumulative mutational load, increased epigenetic gene
silencing, telomere dysfunction, and altered stromal milieu.

An enhancement of our knowledge regarding the origins of MPM will no
doubt derive from genetic insights. Just as identification of the genes responsi-
ble for hereditary syndromes (FAP, MEN, HNPCC, HBOC) has clarified the
onset of these malignancies, so new genes or association of cofactors may some-
day be recognized as being responsible for what are now referred to as “spo-
radic” associations with MPM. 

The recent discoveries made by molecular biology have opened the door to
new possibilities, such as the mapping of the sequence of the entire human
genome. Between 1985 and 1987, the goal to obtain a complete map of the genes
comprising the human genome, to be achieved by the year 2005, was established
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a series of international scientific congresses. In 1988, two American govern-
mental institutions, the National Institutes of Health (NIH) and the Department
of Energy (DOE), allocated the necessary funds and formalized coordination of
the research and technical procedure needed for this study. In 1991 the Human
Genome Project began. Aided by the work of the private research company of
Craig Venter, the sequence was completed earlier than expected (February 2,
2001). In addition to the intrinsic importance of this newfound knowledge, there
are many other relevant implications. In addition to new sequencing strategies
that could be applied in other applications of molecular biology and genetic
engineering; it has stimulated the development of an integrated information sys-
tem, including the creation of a database to organize the immense quantity of
information collected [37–41].

By identifying people who are at high risk for the development of cancer,
surgeons will play an increasingly important role in genetic evaluation and ther-
apy. Prophylactic surgery could soon become a first-line treatment in the fight
against cancer. Especially regarding MPM and hereditary syndromes (MEN,
FAP, HNPCC, HBOC), interesting changes, dictated by biomolecular informa-
tion, have begun to influence the clinical approach, as discussed in detail in the
following chapters.
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Chapter 5

Iatrogenic Second Tumors

Pietro Lombari, Loredana Vecchione, Antonio Farella, Sebastiano Grassia,
Fernando De Vita, Giuseppe Catalano, Marco Salvatore, Andrea Renda

Introduction

The recent introduction of new chemotherapeutic and radiotherapeutic schemes
into clinical practice has led to the improvement in the overall survival of can-
cer patients. Hodgkin’s disease, testicular cancer, and pediatric malignancies are
the pathologies with the highest survival rate; improved cure rates have also
been achieved for breast cancer, ovarian cancer, and non-Hodgkin’s lymphoma.
However, the long-term survival and/or recovery conferred by these treatments
paradoxically expose cancer patients to a higher risk of important long-term
complications, the most serious of which is the development of a second tumor.

Even if several international studies reported in the medical literature have
well-documented the oncologic risk related to cytotoxic agents and ionizing
radiation, it is necessary to underline that not all second primary malignancies
are due to oncologic therapies; rather, multiple factors play important roles in
the development of iatrogenic tumors, including patient age, genetic predisposi-
tion, immunodeficiency, concomitant use of drugs with possible pharmacologi-
cal interactions, and continuous environmental and occupational exposure to
oncogenic agents.

Role of Chemotherapy in the Genesis of Second Tumors

In 1948, A. Haddow experimentally demonstrated the oncogenic potential of
antineoplastic drugs, after the discovery of the carcinogenic effects of ionizing
radiation. Since then, numerous in vitro and in vivo studies have tested the car-
cinogenic potential of every single cytotoxic drug. Those that show high onco-
genic activity are: alkylating agents, nitrosoureas, dacarbazine, procarbazine,
topoisomerase II inhibitors, and hormones (Table 5.1). The platinum compounds
cisplatin and carboplatin are carcinogenic both in vitro and in laboratory ani-
mals; but it is still not clear whether cisplatin has leukemogenic activity, either
alone or in association with other chemotherapic agents, in vivo [1]. The
antimetabolites do not seem to be carcinogenic [2], although there are reports in
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the medical literature of second brain tumors in children with acute lymphatic
leukemia (ALL) with wild-type thiopurine methyltransferase who were treated
with panencephalic prophylactic radiotherapy and high-dose 6-mercaptopurine-
based chemotherapy [3].

Generally, chemotherapic drugs are responsible for the appearance of acute
myeloid leukemia (whereas radiotherapy causes second solid tumors).
Exceptions are bladder cancer and urinary tract carcinoma following cyclophos-
phamide-based chemotherapy [4] and endometrial carcinoma after hormone
therapy with tamoxifen. 

Mechanism of Action

The mechanisms by which chemotherapeutic drugs lead to the development of
second tumors have not been fully elucidated. There is no direct correlation
between antineoplastic drugs and the appearance of iatrogenic tumors. Not all
second malignancies are induced by oncologic therapies; rather, multiple factors
seem to play important roles in the development of these neoplasms, such as age,
genetic predisposition, immunodeficiency, concomitant use of drugs, and con-
tinuous environmental and occupational exposure to oncogenic agents.
Nevertheless, the most reliable and widely studied mechanisms are: gene poly-
morphism in drug-metabolizing enzymes [5], alterations in the mechanisms of
DNA repair [6], germline mutations in tumor-suppressor genes [7], concomitant
administration of other cytostatics/cytotoxics and/or chemo-protective drugs,
inter-patient variation in hepatic and renal function, and interindividual differ-
ences in drug absorption, distribution, metabolism, and excretion (Fig. 5.1). 

Alkylating agents transfer and/or replace alkylating groups by the formation
of covalent bonds with DNA, either on a single strand or on both strands, there-
by interfering with cell replication. Generally, cellular repair enzymes are able
to repair damaged DNA. The most frequent repair mechanism is excision.
Specific endonucleases recognize the damaged nitrogenous base and cut the
DNA at this site; the cut area is degraded by exonucleases and a DNA poly-
merase re-synthesizes the missing DNA stretch, thus guaranteeing the continu-
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Table 5.1 Potentially carcinogenic chemotherapeutics

Alkylating agents Mechlorethamine, chlorambucil, melphalan,
busulfan, carmustine, prednimustine, lomus-
tine, semustine, dacarbazine, procarbazine

Topoisomerase II inhibitors Non-intercalating: Etoposide, teniposide
Intercalating: Adriamycin, epirubicin

Hormone therapy Tamoxifen



ity of the DNA itself. O6-alkyl guanine transferase repairs damage at the O6-gua-
nine position by transferring the alkylated group from the guanine residue on the
nitrogenous base of the DNA to its own cytosine residue. As a result, the repair
enzyme inactivates and progressively consumes itself. Cytoplasmic levels of the
enzyme are therefore faithful indicators of the cell’s ability to repair damage
caused by alkylating agents. Hematopoietic precursors of the bone marrow lack
enzymes with alkyltransferase activity, instead reacting to damage suffered by a
rapid increase in proliferation. This explains why second tumors arising from
alkylating agents are hematological.

Topoisomerase I and II inhibitors bind to the complex DNA topoisomerase,
thereby inhibiting  the enzymatic reaction such that DNA fragments consisting
of strands of the double helix bound to proteins accumulate. The persistence of
this lesion during DNA duplication or mRNA transcription prevents proper clo-
sure of the strands with subsequent translocations and cell death due to apopto-
sis or necrosis [8].

Clinical Aspects

Antineoplastic Drugs and Second Acute Myeloid Leukemia

In 1970, Kyle described the occurrence of second acute myeloid leukemia
(AML) in patients treated with chemotherapy. Currently, 10–20% of all AMLs
are correlated with antineoplastic treatments [7]. The drugs with greatest leuke-
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mogenic activity are alkylating agents and topoisomerase II inhibitors; therefore,
AML secondary to chemotherapy is classified AML induced by alkylating
agents and AML induced by topoisomerase II inhibitors [9, 10] (Table 5.2). 

The median latency of AML induced by alkylating agents and nitrosourea is
4–5 years. Such cases are usually preceded by a pre-leukemic phase (myelodys-
plastic syndromes) lasting about 11 months and subdivided into M1 and M2
forms in according to the French-American-British (FAB) classification [11]
(Table 5.3). The most frequent chromosomal abnormality consists of loss of
either part or the entire chromosome 5 and/or 7 [12]. Chromosomal damage
induced by alkylating agents involves intra-strand bonds in the double helix of
DNA. These defects may lead to a delay in anaphase, cause difficulties in cor-
rect chromosomal segregation in daughter cells, and induce a loss of chromoso-
mal material. The latter can be considered the first but not the only step in leuke-
mogenic evolution. This would explain why AML secondary to alkylating agents
is preceded by a pre-leukemic phase [13].
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Table 5.2 Acute myeloid leukemia (AML) resulting from antineoplastic drugs

Alkylating Topoisomerase II inhibitors

Latency 4–5 years 2–3 years

Myelodysplastic syndromes Yes No

Type of mutation Deletions: 7q e/o 5q Translocations:
(not balanced) 11q23, 21q22 3q32 (balanced)

FAB classification M1, M2 M4, M5

Therapeutic response Poor Good

FAB, French-American-British Cooperative Group classification 

Table 5.3 Acute myeloid leukemias: FAB classification

M0 Minimally differentiated

M1 Myeloblastic with no maturation

M2 Myeloblastic with maturation

M3 Hypergranular promyelocytic

M4Eo Increase of anomalous medullary eosinophils 

M4 Myelomonocytic

M5 Monolithic

M6 Erythroleukemic

M7 Megaloblastic



Moreover, AML secondary to alkylating agents is refractory to treatment, so the
prognosis is inauspicious. Alkylating agents with high leukemogenic acivity are:
mechlorethamine, chlorambucil, melphalan, carmustine, busulfan, prednimustine,
lomustine, semustine, dacarbazine, and procarbazine.  Cyclophosphamide has a
lower leukemogenic activity; probably due to the presence of an aldehyde deydro-
genase in hematopoietic stem cells. This enzyme degrades cyclophosphamide into
inactive compounds, i.e., that lack cytotoxic and cancerogenic activity. The risk of
the AML secondary to alkylating agents increases with increasing the cumulative
dose, the intensity of the dose, and the duration of therapy. 

The AML induced by non-intercalating topoisomerase II inhibitors
(epipodophyllotoxins, etoposide, and teniposide) appears in younger patients
and is not preceded by a pre-leukemic phase. The latency period is less than 2–3
years. Morphologically, the AML is classified as M4 or M5, according to the
FAB classification; there is a balanced translocation of chromosomes 11q23,
21q22, 3q32. These patients have a better prognosis because they respond to
chemotherapy [12, 14, 15].

The leukemogenic activity of intercalating topoisomerase II inhibitors
(anthracyclines) is not well-understood. However, some studies have found a
very high risk of AML in women treated with mitoxantrone compared to patients
treated with adriamycin and epirubicin.

Tumors with a Higher Risk of Second Malignancies

Hodgkin’s Disease

Patients who survive Hodgkin’s disease are at higher risk of second tumors than
the general population. In these patients, there is a 22-fold relative higher risk
for AML, followed by a 6-to14-fold increased risk for non-Hodgkin’s lym-
phomas, a 4- to 11-fold higher risk for mesenchymal tumors of the bone and the
thyroid, a 2- to 4-fold higher risk for lung cancer, esophageal cancer, and breast
and colon cancers.

The risk of leukemia and non-Hodgkin’s lymphoma secondary to chemother-
apy is especially high 3–9 years after treatment. The probability of developing
second leukemias is greater for patients who were treated with alkylating agents.
In fact, it has been estimated that the 15-year cumulative risk of developing an
AML after MOPP chemotherapy (mechlorethamine, procarbazine, vincristine,
and prednisone) is 9.5% compared to 0.7% for patients treated with the ABVD
scheme (doxorubicin, bleomyicina, vinblastine, and dacarbazine) [16].

The combination of chemotherapy and radiotherapy exposes the patient to a
higher risk of AML. Actually, for each radiotherapy dose range (<10 GY, 10–20
GY, >20 Gy) the risk of leukemia is significantly higher with increasing number
chemotherapeutic cycles [17]. By contrast, for patients receiving a standard
number of chemotherapeutic cycles, the risk is not higher with increasing of
radiotherapy dose.

5  Iatrogenic Second Tumors 67



The risk of second AML is possible even in patients treated with rescue ther-
apy. The literature reports that patients who received MOPP rescue therapy after
radiotherapy had a higher risk of acute leukemia than patients who received ini-
tial combined treatment. Finally, there are data indicating the risk of iatrogenic
leukemia in patients treated with high-dose chemotherapy associated with autol-
ogous bone marrow transplant or hematopoietic progenitor reinfusion [18, 19].

Immunosuppression related to the same disease and immunosuppression sec-
ondary to antineoplastic therapies seem to be the cause of the development of
post-Hodgkin iatrogenic non-Hodgkin’s lymphomas. Unlike the acute
leukemias, iatrogenic non-Hodgkin’s lymphoma is curable in 50% of cases.
These seem correlated with predominantly lymphocytic Hodgkin’s lymphomas,
compared to those variants featuring nodular sclerosis [20].

Patients with Hodgkin’s disease who received radiotherapy have a high risk
of developing solid tumors. Specifically, patients who receive radiotherapy and
an alkylating-agent-based chemotherapy are at higher risk to develop lung can-
cer than patients treated with radiotherapy only. Conversely, the risk of develop-
ing breast cancer is higher in patients treated only with “mantle” radiotherapy
than in patients treated with a combination of chemotherapy and radiotherapy.
The reason is that chemotherapy is responsible for premature estro-progestro-
genic deprivation (pharmacological menopause), which plays a protective role in
the development of breast cancer [21].

Non-Hodgkin’s Lymphoma

The risk of developing a second tumor in patients treated for non-Hodgkin’s lym-
phoma is lower than in patients treated for Hodgkin’s disease. This can be explained
by the quite recent introduction of effective therapies that increase survival and by
the older age of these patients at the time of diagnosis, which limits long term
observation. The most frequent iatrogenic tumors affecting this cancer patient pop-
ulation are leukemias and bladder carcinomas. Acute leukemias are correlated with
the administration of cyclophosphamide-based chemotherapeutic schemes; their
incidence does not increase with cumulative dose or with duration of treatment. A
very high risk of iatrogenic tumors has been observed in patients treated with pro-
longed maintenance therapy and/or with simultaneous total body irradiation. As is
the case with some patients treated for Hodgkin’s disease, the risk of acute
leukemia seems to be related to the administration of high-dose therapy in associa-
tion with autologous bone marrow transplant. 

The incidence of bladder carcinoma correlates with the cumulative dose of
cyclophosphamide. For a cumulative dose <20 g, no statistically relevant correla-
tion was noted between cyclophosphamide-based treatment and bladder cancer.
However, at a cumulative cyclophosphamide dose of 20–50 g or >50 g, the
increased risk of bladder carcinoma is 6- and 14.5-fold, respectively, which is sta-
tistically significant. Moreover, the risk is higher in patients who were treated con-
comitantly with radiotherapy and cyclophosphamide-based chemotherapy [22].
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Breast Cancer

The risk of a second tumor developing in a woman who has recovered from
breast cancer is only in part related to the treatment she received. Breast cancer
patients have a higher predisposition to develop a second, contralateral breast
tumor or a second breast cancer on the previously operated breast; the risk of
uterine, ovarian, colon, esophageal, and lung cancer is also higher. Thus it is dif-
ficult, in the absence of knowledge regarding individual risk factors, to deter-
mine whether the development of a second tumor is the result of radiotherapy,
chemotherapy, hormone therapy, or a combination thereof, or whether there is no
correlation at all.

The use of tamoxifen for 2 years is associated with two-fold increased risk
of of endometrial carcinoma whereas the risk is 4- to 8-fold higher for those
patients taking the drug for 5 years. Moreover, this risk is higher in women pre-
treated with estrogen hormone therapy before tamoxifen [23]. Nevertheless, due
to its protective effects, i.e., lower risk of loco-regional recurrence, distance
recurrence, and a second, contralateral breast tumor, and improved disease-free
survival (DFS) and overall survival (OS), tamoxifen still represents one of the
most important drugs for breast cancer patients in the adjuvant and advanced set-
tings.

Chemotherapy increases the risk of second acute leukemia, and the risk is
higher for alkylating-agent-based regimens and for concomitant administration
of radiotherapy once chemotherapeutic regimens have reached the cumulative
leukemogenic dose. Currently, the leukemogenic activity of antineoplastic drugs
used in adjuvant therapy for breast cancer is more closely correlated with dose
intensity than with cumulative dose. It may well be that the intensified schedules
increase the rate of DNA deletions and/or translocations beyond that allowing
repair. 

Role of Radiotherapy in the Genesis of Second Tumors 

Radiotherapy administered for curative and palliative purposes is, for many
patients, the therapy of choice. The biological assumption is that radiotherapy
yields the “inactivation” of malignant cells, by irradiation of a specific tumor
volume, with the least damage to healthy tissues, through the choice of opti-
mized therapy schemes such as TCP (tumor control probability) and NTCP (nor-
mal tissue complication probability) models. However, beyond the well-known
beneficial effects, there is a wide range of complications, the most fearsome of
which is the oncologic potential of ionizing radiation, as widely analyzed in
nuclear catastrophes survivors [24, 25].

The risk of tumor induced by high-dose radiotherapy was clearly established
as early as 1956, J.P. Palmer [26, 27]. Indeed, the development of a second pri-
mary tumor represents the most fearsome complication of this form of therapy.
A neoplasm is defined as “radio-induced” based on the following parameters: (a)
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it must appear in the irradiated area after a defined latency; (b) it must be absent
prior to irradiation; (c) it must be histologically different from the original tumor
treated with radiotherapy; (d) its incidence must be higher in irradiated patients;
(e) a genetic diathesis or familial relationship to the development of the neo-
plasm must be excluded [28]. The time of onset of an iatrogenic, radiation-
induced tumor ranges from 2–3 years for hematological malignancies to 5–10
years for solid ones.

Ionizing Radiation

In order to understand the mechanisms through which ionizing radiation dam-
ages cells, the fundamental concept in radiobiology of linear energy transfer
(LET), that is the ability of radiation to determine ionization in penetrating irra-
diated tissues, must be understood. LET is a function of the charge and the speed
of the ionizing particle; thus, there is high LET (particle α, neutrons and pro-
tons) and low LET (X rays and γ rays) radiation (Fig. 5.2).

Since the biological effect of radiation depends on the quantity of energy
released as the radiation source passes through the tissues, it is clear that high
LET radiation produces greater damage to DNA (Fig. 5.3) as the density of ion-
ization, expressed as the relative biological effectiveness (RBE), is higher than
that of low LET radiation [20].

The degree of radiation-induced damage at the molecular level is a function
of physical, biological, and chemical factors. Specifically, physical factors
include whether the dose is single or fractional, the irradiated volume, and the
intensity and type of radiation used. Biological factors are related to: cellular
kinetics (i.e., cell cycle phase at the moment of irradiation), the radiosensitivity

P. Lombari et al.70

Fig. 5.2 Radiation with different linear energy transfers (LETs)



of the cellular population, and the repair capacity of the cells or tissues.
Chemical factors include the action of agents that can enhance (sensitizers) or
diminish (protective action) the efficacy of the radiation dose.

Ionizing radiation effects can also be divided into those that are stochastic
(probabilistic) vs. those that are graduated (deterministic) (Table 5.4). Stochastic
effects are manifested by the appearance of leukemia or a solid neoplasm, as a
result of alterations in the genetic inheritance of somatic cells, and by the
appearance of malformations in the patient’s progeny, if the alterations involve
the germinal cells. For stochastic effects it is difficult to establish a causal con-
nection, since other factors (not related to radiation exposure) influence the
degree of cell damage. They become evident when the incidence of a leukemia
or solid tumor is higher than the spontaneous one, as discussed in the next sec-
tion.

Graduated effects usually reveal themselves in patients who are treated with
radiotherapy or who were accidentally exposed to important radiation doses
(contamination) [29]. In either case, it is possible to make a connection between
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the radiation dose, which exceeds the threshold dose, and the biological damage.
The timing with which these effects reveal themselves can vary from a minimum
of hours or days to a maximum of several years. Other relevant factors influenc-
ing the time in which graduated effects become apparent include the delivery
modality of the dose (single or fractional dose), the irradiated organ or tissue
type, and the ability of the affected cell population to repair the damage. Acute
effects occur generally within 6 months of exposure, subacute effects between 6
and 12 months of exposure, chronic effects within 2–5 years, and late effects
after 5 years (Table 5.5).

It is particularly important to establish the radiosensitivity of a biological
system since it as indicator of whether graduated (deterministic) effects are like-
ly. This may prove difficult because of the contribution of several cell- and tis-
sue-specific variables; however, it is possible to define a relative radiosensitivi-
ty scale for different cell populations [30] (Table 5.6).
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Table 5.4 Biological effects of irradiation

Effects Threshold Proportional Level-size Cause-effect 
to dose to dose damage relationship

Deterministic Yes Damage Specific Certain

Stochastic No Probability Aspecific Uncertain

Table 5.5 Late-type tiered effects

Organ Possible damages within 5 years
from irradiation

Skin Ulceration, serious fibrosis

Esophagus, stomach, small intestine, colon, rectum Ulceration, stenosis

Salivary glands Xerostomia

Liver Hepatitis, ascites

Kidney Sclerosis

Testicle Sterility

Lung Pneumonia, fibrosis

Heart Pericarditis

Bone Necrosis, fracture

Encephalus Necrosis

Spinal marrow Necrosis, myelitis



Stochastic (Probabilistic) Effects and Second Tumor Formation

Stochastic effects arise from ionizing-radiation-induced alterations in the cell’s
genetic material. In somatic cells, they are responsible for the possible onset of
second tumor following radiotherapy, whereas in gonadal cells they explain the
occurrence of genetic defects that cause mutations transmittable to the patient’s
progeny. Tumor induction is accidental and ensues after a long latency period,
i.e., from the exposure to and action of a potential oncogenic agent to the clini-
cal onset of illness. After entering the tissue, the radiation must interact with that
tissue by delivering energy (giving rise to ionization) such that there is irrepara-
ble damage to the DNA giving rise to a neoblastic mutation, and ultimately a
clinically evident tumor, rather than destruction of the cell by the body’s defense
mechanisms (Table 5.7). Based on the follow-up of a sufficiently large series of
patients, the onset of a tumor can be statistically correlated with exposure to
low-dose ionizing radiation, although not with a specific dose.

Our knowledge of the effects of irradiation on the human body comes from
studies of individuals who have survived of nuclear disasters (Hiroshima,
Chernobyl) as well as those working in professions in which there is exposure to
a very fractionated but cumulative irradiation dose, such as radiologists, radiog-
raphers, surgeons, etc.), and uranium-mine workers. Radio-induced skin cancers
in the former group are “typical” malignancies, while in the latter the extended
exposure to radon is associated with a 3- to 3- to 4-fold higher incidence of lung
tumors compared to control groups. In such patients, it is often difficult to pre-
cisely calculate the absorbed dose, or the contribution of different forms of radi-
ation (low or high LET). Moreover, since the radiation exposure is sometimes
only partial (involving only certain organs and tissues), the estimates have a high
margin of error. Nonetheless, the findings are conclusive enough to allow us to
state that even a minimum dose exposure confers effects, and there is no thresh-
old dose below which an exposure-related risk can be excluded [30].
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Table 5.6 Scale of relative radiosensitivity

Cell population Radiosensitivity

Spermatogonia High

Lymphocytes, erythroblasts High

Intestine, stomach, colon basal cells Medium

Cutaneous and endothelial cells Medium

Nerve cells Low

Muscle cells Low



Clinical Aspects

Colorectal Cancer Following Radiotherapy

The radio-induced neoplasm has a latency time of 5–15 years after exposure and
an onset site inside the irradiated field. Prostate cancer is associated with a 10-
year survival of over 80%; treatment consists of radiotherapy or surgical resec-
tion. In the former group of patients, a link to the development of rectal cancer
is suspected since, during pelvic prostate irradiation (Fig. 5.4), the rectum
receives high-dose radiation, with smaller doses to other areas of the colon (par-
ticularly the rectosigmoid, the sigmoid, and the cecum). However, the literature
is inconsistent and contradictory, with the exception of a US study that uses
SEER data (Surveillance, Epidemiology and End Results) from the period
between 1973 and 1994 [31]. 

The selection criteria of were patients with non-metastatic, histologically
confirmed disease. Only patients who had survived at least 5 years from the fol-
low-up for prostate cancer were included, while patients with a previous diagno-
sis of colorectal tumor as well those who had developed the tumor within the
first 5 years post-therapy or who did not undergo any type of therapy were
excluded. The series thus consisted of 85,815 men, age about 67 years, and a
period of observation >9 years. These patients were divided in two groups: (I)
55,263 only-surgery patients and (II) 30,552 radiotherapy (with or without sur-
gery) patients. The colorectal cancers that developed were also subdivided
according to site: (a) located in a definite irradiated field (rectum), (b) located in
a potential irradiated field (rectosigmoid, sigmoid, cecum), and (c) located in a
non-irradiated field (ascending colon, hepatic flexure, transverse colon, splenic
flexure, descending colon) (Fig. 5.5). 
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Table 5.7 Sequence of irradiation effects 

Time (latency) Event Effect

0 Irradiation

10–15 seconds Physical Ionization-excitation

Minutes Biochemical (macromolecules) Enzymatic and DNA damage

Hours-Days Genetic mutations, mitotic Phenotypic and genotypic 
inhibition, activation of polymerase alterations, cell death,

damage repair

Weeks-months Biological system changes Alterations in organ 
function, death

Years Expression of somatic and Radio-induced 
genetic mutations tumors, hereditary diseases



The number of colorectal neoplasms observed after at least 5 years was
1,437, divided as follows: 267 rectal tumors; 686 rectosigmoid, sigmoid, and
caecum; and 484 other sites in the colon (Table 5.8). 
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Fig. 5.5 Colorectal cancer following prostate cancer

Fig. 5.4 Irradiation fields “3D Conformational Therapy” for prostate cancer



The percentage of patients who developed rectal cancer was higher in the
group that had undergone radiotherapy, with a hazard ratio of 1.7 (95% CI:
1.4–2.2). Regarding the development of tumors in potentially irradiated or non
irradiated sites, the data of the two groups were essentially superimposable.
Radiation and older age at diagnosis were identified as the main factors respon-
sible for radio-induced second tumors.

The increased risk of iatrogenic second tumor in the rectum can be explained
by the fact that the rectum is so close to the prostate that the two structures
receive almost the same dose of radiation. This association has important impli-
cations for the screening of colorectal cancer; prostate irradiation must be
included among the risk factors for rectal cancer and such patients should under-
go endoscopic examination starting from the fifth year after radiotherapy.

Moreover, a possible reverse correlation was established by the Swedish
Cancer Registry, in a report published by Birgisson [32]. In 115 patients treated
with radiotherapy for rectal cancer who subsequently developed a second neo-
plasm, prostate (21), colon (17), and bladder (12) were the most common sites
of second tumor development.

Carcinogenic Effects of Radiotherapy for Seminoma

Seminoma is a highly curable neoplasm; its radio-chemo sensitivity results in a
10-year survival of 90–95%, despite the fact that nearly 15% of seminomas at
first stage present with occult lymph node involvement. In such patients, postop-
erative radiotherapy has been shown to provide excellent adjuvant treatment
(Fig. 5.6). In most cases, treatment concerns the radiation of lymph nodes of the
lumbo-aortic tract with extension to the homo or bilateral iliac station. The total
dose of radiation is low (25–30 Gy). Radioprotection of the patient includes
screening of the other testicle, even if only lumbo-aortic fields are irradiated,
and the use of “multi leaf” or lead screens. 

Nonetheless, the possibility of a radio-induced second neoplasm is high since
most patients are young and have a long life expectancy. The Netherlands
Cancer Institute reported a global actuarial risk of 9.8% at 15 years post-treat-
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Table 5.8 Summary data

Neoplasm site (n) Surgery only Radiotherapy only

Radiotherapy field: rectum (267) 143 (15.8%) 124 (23.2%)

Bordering area: rectosigmoid colon, 437 (48.4%) 249 (46.8%)
sigmoid colon, cecum (686)

No radiotherapy: other sites 324 (35.8%) 160 (30%)
of the colon (484)

Total number of neoplasms: 1,437 904 533



ment. A risk of 3.4% for gastrointestinal tumors and 2.4% for contralateral tes-
ticular tumors was estimated based on the case histories of 1909 patients fol-
lowed on average for 7.7 years. A recent update of the same case histories (medi-
an 10.8 years) confirmed an increased relative risk of tumors of the stomach
(6.5), pancreas (6.0), kidney (5.1), and bladder (4.4) [33]. 

The risk of a contralateral testicular tumor was ascribed to predisposing fac-
tors, such as cryptorchidism or the presence of an atrophic testicle. However, the
increased risk of a gastrointestinal tract tumor (in particular, stomach and pan-
creas) seemed to be closely connected to previous radiotherapy and to represent
a dose-effect response, since the risk increased three-fold after 30–35 Gy and of
27-fold after 40–45 Gy. Today, the tendency is to use a lower radiation dose;
nevertheless the possibility of a second radio-induced neoplasm must be taken
into consideration in follow-up protocols.

Radiotherapy for Hodgkin’s disease and the Development of
Second Tumors

Current therapies for Hodgkin’s disease have resulted in a very high percentage
of recoveries (80–90%) in some subgroups, and therefore an increase in long-
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Fig. 5.6 Classic “dog-leg” approach encompasses para-aortic and ipsilateral pelvic nodes



time survival. Consequently, over time, side effects linked to different therapeu-
tic strategies are likely to occur. With the wider use of sequential treatment of
low-dose chemotherapy and radiotherapy, the incidence of post-irradiation
sequelae is lower than in the past. However, radiotherapy for Hodgkin’s disease
often requires high-energy radiation (between 32 and 36 Gy) and the treatment
of a large number of lymph nodes at different sites involving large “mantle”
fields (for example, cervical, axillary, mediastinal, and hilar) (Fig. 5.7) while
protecting critical organs and tissues with lead and multi-leaf screens. Given the
high percentage of recovery of Hodgkin’s disease patients and thus the longer
observation time, the onset of a second tumor, especially in patients who
received radiotherapy, is not surprising. Almost 80% of these tumors appear in
previously irradiated sites, or at the edge of them, and the risk is about 13% at
15 years post-treatment, increasing with increasing number of years of follow-
up [34]. 

Recently, an international retrospective study was carried out on over 32,000
Hodgkin’s lymphoma patients. This study, by the National Cancer Institute,
evaluated the risk of developing a second neoplasm among Hodgkin’s disease
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Fig. 5.7 “Mantle” radiotherapy for Hodgkin’s lymphoma  



survivors, as determined using the database of 16 tumor registries in the USA,
Canada, and several European countries. Patients in the series had the longest
follow-up of any study thus far; 1,111 patients had been followed for 25 years.
The study concluded that survivors had double the probability to develop a sec-
ond tumor compared to the general population, and this probability remained
significantly high for 25 years, after which the relative risk declined [35].
Previous studies had demonstrated that the risk of a second neoplasm remained
high 20 years after the initial diagnosis. In particular, we have seen that “mantle
radiation” or radiation of cervical sites is associated with a 2.4- to 14-fold high-
er risk of inducing thyroid tumors, depending on the age of the patient. Children
have a considerably higher risk (60- to 65-fold) than adult patients (about 15-
fold). There is also a 1.5- to 2.1-fold higher risk of a breast tumor [20]. Recent
research from Stanford University pointed out that the risk of developing a
breast neoplasm is four times higher in Hodgkin’s disease patients who under-
went “mantle therapy” than in the same age-matched population. 

The increased risk of breast carcinoma is most prominent 15 years after the
initial exposure, and in almost all the published case histories the carcinoma
developed within or at the edge of the radiotherapy field, mostly involving inter-
nal quadrants of the breast. Another important aspect connected to previous
radiotherapy treatments is the frequent bilateralism of breast neoplasms, the
same histological characteristics, in both locations, and the premature age of
onset. Finally, there is an increased risk of developing a lung tumor after treat-
ment for Hodgkin’s disease, particularly in patients who were irradiated with
“mantle fields” who were smokers, and middle-aged (40–42 years) at the time
of the diagnosis [22].

Conclusions

The benefits of current therapies exceed by far the possible side effects of such
treatments. Maintenance of these high recovery and survival rates and a reduc-
tion of the occurrence of second neoplasms to a minimum require that patients
at high risk are identified. This can be achieved by the use of targeted screening
programs and therapies with both documented effectiveness and a low rate of
carcinogenicity.
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Chapter 6

Immunodeficiency and Multiple Primary
Malignancies
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Stefano Federico, Massimo Sabbatini, Eliana Rotaia,
Pierluca Piselli, Claudia Cimaglia, Diego Serraino

Immunology and Cancer

The relationship between cancer onset and the immune response became a sub-
ject of great interest in the early 1900s, and led Ehrlich [1] to establish what
came to be known as the theory of immunological surveillance. This theory is
based on three principles: (1) cancer cells are antigenic, (2) these cells can be
destroyed by the immune response of the organism (by a mechanism similar to
that observed in transplanted tissue or organ rejection), and (3) immune depres-
sion is related to a higher incidence of neoplastic disease [2]. The theory is based
on the concept that the immune system is able to recognize cancer cells as non-
self and consequently to destroy them. Furthermore, this response involves both
branches of the immune system. However, this defensive system is not as perfect
as it may seem at first sight, because more often than not a certain number of
cancer cells do avoid surveillance and subsequent destruction by immune-com-
petent cells and thus continue to proliferate, until they give rise to the various
forms of malignancies. The mechanisms by which cancer cells elude immuno-
logical surveillance may be explained by some intrinsic characteristics of these
cells and/or the patient’s condition, including an immune deficiency.

Immune Deficiencies 

The immune response is the result of complex interactions between the various
mechanisms that make up the defensive system of the organism. Specifically, it
is the result of a cooperation between surface barriers (mucous membranes and
skin), innate immunity (including the monocyte/macrophage system and com-
plement), and the adaptive or specific immune system (antibodies and cell-medi-
ated immunity). Defects in one or more of these systems compromise the
immune response, leading to the development of an immune deficiency (ID). 

The IDs are classified as primary and secondary. The primary immune defi-
ciencies (PIDs) make up a large group of genetically determined pathological
conditions. While these apparently differ from a pathogenetic point of view, all
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are caused by an intrinsic dysfunction of the cells of the immune system.
Therefore, it is possible to schematically classify PIDs according to the mecha-
nisms involved (Table 6.1). By contrast, secondary immune deficiencies (SIDs)
represent a group of diseases in which the immune system is compromised by a
pathological process, such as infections (human immunodeficiency virus,
cytomegalovirus, Epstein-Barr virus), cancer, or therapeutic interventions (drug
therapy, radiotherapy, surgery, etc.) (Tables 6.2, 6.3). The fundamental feature of
a primary or secondary immune deficiency is obviously an increased suscepti-
bility to infections, but there is also evidence that immune system defects can,
in turn, determine the development of a neoplastic disease. In this context, of
particular interest are multiple primary malignancies (MPM); that is, the pres-
ence in the same subject of two or more malignancies that show specific charac-
teristics, such as time of appearance, histology and site of onset, that allow each
lesion to be considered as a new cancer and not simply as secondary or recurrent
tumors.

For practical purposes, the relationship between MPM and primary or sec-
ondary immune deficiencies are considered separately, in this latter case based
on observations of transplanted patients (the vast majority of patients with iatro-
genic immune suppression) and  patients with acquired immumodeficiency syn-
drome (AIDS) (the largest group of patients with acquired immune suppression).
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Table 6.1 Classification of primary immune deficiencies (modified from the WHO classifi-
cation)

Deficiencies affecting antibody production
– Agammaglobulinemia X-linked (Bruton’s disease)
– Common variable immune deficiencies
– IgA selective deficit 
– Transient hypogammaglobulinemia of infancy
Combined immunodeficiency
– Hyper-IgM disease
– Adenosine deaminase (ADA) disease
– Severe combined immunodeficiency disease  (SCID)
– Reticular dysgenesis

Defects in phagocyte function
– Chronic granulomatous disease
– Neutropenia 
– Chediak-Higashi syndrome

Immunodeficiency-syndrome-associated
– Ataxia-telangiectasia
– DiGeorge syndrome
– Wiskott-Aldrich syndrome
– Hyper-IgE syndrome



Primary Immune Deficiencies, Cancer, and Multiple Primary
Malignancies

It has been observed that cancer-related mortality in patients with PID may be
10–200 times higher as than in the age-matched general population. Several
mechanisms have been hypothesized as possible causes of the increased suscep-
tibility of PID patients to neoplastic disease [3], including: (a) suppressed
immune response to oncogenic viruses, (b) loss of immune surveillance, (c)
chronic stimulation and proliferation of lymphocytes that respond to specific
antigens, and (d) possible disorders with independent effects on oncogenesis and
on the immune system. 

As already mentioned, the incidence of tumors appears to be higher in PID
patients [4], but this increase seems to be particularly significant in those with atax-
ia-telangiectasia or Wiskott-Aldrich syndrome and in those with a defective
humoral immune response, such as recently described in individuals with common
variable immune deficiency (CVID), Bruton’s disease, and selective IgA deficit [5]. 
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Table 6.2 Secondary immunodeficiencies

Physiologic causes Prematurity, prenatally, pregnancy, senescence

Pathologic causes Lost protein enteropathy, nephrotic syndrome, alcoholic cirrho-
sis, diabetes, malnutrition,
scald, diarrhea, Cushing syndrome, splenectomy

Iatrogenic causes Drugs, surgery, radiotherapy

Cancer Leukemia, lymphoma B cell, cancer, Good’s syndrome

Infection HIV, congenital rubella virus, measles virus, mononucleosis,
CMV, toxoplasmosis

Table 6.3 Pharmacological immunodepression

Cytostatic Azathioprine, methotrexate

Immunosuppressants Cyclosporine A, FK-506

Steroids

Biologicals Infliximab, etanercept

Others Barbiturates, carbamazepine, phenytoin,
penicillin, sulfasalazine, captopril



Ataxia-telangiectasia (A-T) is an autosomal recessive syndrome character-
ized by progressive immune deficiency, progressive cerebellar ataxia, oculocu-
taneous telangiectasia, radiosensitivity and increased levels of α-fetoprotein.
Neoplastic disease is a frequent complication and a principal cause of mortality
in approximately one-third of these patients. The tumors more frequently asso-
ciated with A-T are those of the lymphoreticular system, mainly in patients
under 15 years of age. In this context, over 40% of the tumors are non-Hodgkin’s
lymphomas, approximately 20% acute lymphocytic leukemias, and 5%
Hodgkin’s lymphomas.

The Wiskott-Aldrich syndrome is an X-linked recessive disorder with a
symptomatological triad of microthrombocytopenia, eczema, and recurrent
infections. In this group of patients, approximately 13% develop neoplastic
lesions, mainly non-Hodgkin’s lymphomas, all of which occur in early age, with
average survival rates of approximately 6 years [6].

Furthermore, controlled study results showed that neoplastic disease devel-
ops in approximately 10% of patients with CVID, a heterogeneous disorder in
which serum immunoglobulin levels are reduced. In this group, the most fre-
quent neoplasias are gastrointestinal cancer (adenocarcinoma of the stomach and
colon), especially in case of co-existing IgA deficiency, and lymphoreticular
cancer (Hodgkin’s and non-Hodgkin’s lymphomas) [7, 8]. Moreover, CVID
patients often show evidence of a lymphoproliferative disease but without signs
of malignancy, at least at the time of diagnosis, such as lymphonodal involve-
ment with follicular hyperplasia and intestinal nodular lymphoid hyperplasia;
the clinical evolution of the latter is poorly defined and therefore necessitates
careful patient monitoring. It has also been hypothesized that certain microor-
ganisms, such as Epstein-Barr virus (EBV), human herpesvirus 8 (HHV-8) and
Helicobacter pylori are involved in carcinogenesis in CVID patients [8–12].

The small number of cases reported in the literature do not allow for a reli-
able evaluation of the incidence of MPM in PID patients,, as there are no mean-
ingful clinical statistics [3, 12]. The absence of MPM in PID may well be due to
the decreased survival of such patients. In fact, the clinical picture is rather
severe throughout the course of their disease, and often features infections,
which are most likely responsible for the overall reduction of survival.
Fortunately, today, a diagnosis of PID can be established very early and, more
importantly, appropriate strategic therapies can be implemented that prolong the
life expectancy of ID patients. The results of these therapeutic approaches are
that patients live longer despite the persistence of a compromised immune
response. However, this increases the possibility of developing complications
related to immunodeficiency, including MPM. 

Besides the recent description of multiple malignancies of the colon in
patients with Bruton’s disease [13], we reported two cases of MPM in CVID
patients. More precisely, MPMs (metachronous) were detected in two patients,
one with gastric and gallbladder adenocarcinoma and the other with non-
Hodgkin’s lymphoma and cervical carcinoma. Furthermore, antineoplastic sur-
veillance implemented in CVID patients admitted to our clinic showed that 15%
had gastric metaplasia. 
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In conclusion, since the number of patients with PID and MPM probably is
likely to increase in the next few years, antineoplastic surveillance appears to be
more than necessary in this patient population, especially those individuals who
have already had a neoplastic disease.

Secondary Immune Deficiencies, Cancer, and Multiple Primary
Malignancies: Transplants

Today, the high standards in the surgical, anesthesiological, and clinical manage-
ment of transplant patients have resulted in extremely positive results regarding
short and medium-term survival, of both the transplanted organs and the
patients. However, these results have been partially nullified by the long-term
complications reported in these subjects, especially the development of cancer.
In fact, the incidence and aggressiveness of neoplastic diseases appear to be
remarkably increased in this group of patients compared to the age-matched gen-
eral population (Fig. 6.1). Moreover, within the population of renal transplant
patients, mortality over the long term due to cancer is higher than that due to car-
diovascular diseases. It has been calculated that the prevalence of neoplastic dis-
ease at 10 years post-renal transplant is 20–30%, with peaks of 40% at 20 years
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Fig. 6.1 Overall incidence of malignancy in kidney recipients compared to the expected inci-
dence in general population



[14]. Observing this same problem from a different point of view, we can say
that approximately 75% of subjects undergoing renal transplant will develop a
skin cancer during their post-transplant life [15]. However, it must also be noted
that in the population of patients undergoing an organ transplant, the main fac-
tor among those facilitating the development of a neoplastic lesion (age, male
sex, genetic predisposition, cigarette smoking, the baseline disease responsible
for organ failure and determining the need for transplant, UV exposure,
use/abuse of drugs) is undoubtedly immune-suppressive treatment. This conclu-
sion is supported by the following observations: (1) subjects undergoing
immune-suppressive treatment for reasons other than transplant also have an
increased risk of developing neoplastic lesions, even in the absence of other pro-
carcinogenic factors [16]; (2) some types of tumors that develop in transplanted
patients regress if the immune-suppressive therapy is suspended or substituted
[17]. The association between pharmacological immune suppression and an
increased risk of cancer is a very widely discussed topic in clinical medicine,
and much attention has been given to, among others, the duration of immune
suppression therapy, the intensity of treatment, and the drugs or combination of
drugs used. Regarding the carcinogenic potential of the various immune-sup-
pressive agents administered to transplant patients, the prevailing hypotheses are
that anti-lymphocyte antibodies increase the risk of viral infections and, conse-
quently, facilitate the development of virus-induced neoplastic lesions [17]; aza-
thioprine (a purine analogue) induces chromosomal aberrations and makes cells
particularly susceptible to the carcinogenic effect of UVA [18, 19]; calcineurin
inhibitors (cyclosporine and tacrolimus) interfere with the synthesis of
cytokines, leading to an over-expression of transforming growth factor (TGF)-β
and vascular endothelial growth factor (VEGF) [16, 20, 21]; with chronic treat-
ment and at higher doses, corticosteroids not only inhibit macrophage functions
and pro-inflammatory cytokines synthesis, but also block lymphocyte prolifera-
tion and reduce NK cells functions [3]; the mutagenic effects of mycophenolate
(an inosine monophosphate dehydrogenase inhibitor) amplify the aggressiveness
of neoplastic lesions [16, 22]. 

Nonetheless, the numerous studies still report contrasting results due to, e.g.,
the fragmentation of case studies, individual differences among patients, differ-
ent therapeutic approaches used in all transplant centers, the switch from one
immune-suppressive protocol to another, and, last but certainly not least, the pres-
sure exercised by pharmaceutical companies in case studies. Thus, perhaps the
truth is that, globally, the higher cancer risk in transplant patients is more gener-
ically related to immune suppression rather than the specific compound(s) used. 

Malignant tumors are an important cause of mortality in the United States,
second only to cardiovascular diseases [17]. Nonetheless, it has been calculated
that if malignant tumors carried a lower mortality rate and were more uniform-
ly distributed in the general population, we could still expect to find that one out
nine cancer patients would develop a second neoplasia during the course of his
life and that within this latter group 1 out 27 would probably have a third pri-
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mary cancer [23]. This type of statistical projection obviously refers to the gen-
eral population. Accordingly, it would be logical to conclude that, from a mere-
ly theoretical and statistical point of view, immune-suppressed patients are at
potentially higher risk of developing MPM. However, this conclusion is not sub-
stantiated by clinical findings, perhaps because these patients die of cancer
before the appearance of a “second primary malignancy” but also because of the
difficulty in finding transplant patients who survive a first cancer and continue
immune-suppressive treatment long enough to develop a second primary cancer
related to the iatrogenic immune deficiency state. Nonetheless, a few observa-
tions have been made regarding the correlation between iatrogenic immune sup-
pression and MPM. 

The possibility that a transplant patient undergoing immune-suppressive
treatment develops a second cancer should be examined in particular situations:
1. The patient recovers from a cancer, undergoes transplantation, and then has

a new cancer at follow-up
2. The patient recovers from a cancer, undergoes transplantation, and develops

a new cancer transmitted by the organ donor
3. The patient develops MPM after transplantation

These three situations are discussed in detail below.

Detection of a New, Second Cancer in Transplant Patients Who
Previously Recovered from Cancer

In 1997, Penn [24] studied 1297 subjects such patients and reported a cancer
recurrence rate of approximately 21%; but in these cases it was only recurrence
of the disease, not MPM. Regarding MPM, theoretically, all patients who had a
virus-linked cancer before transplant have a higher chance than a control popu-
lation of developing MPM induced by the same virus during the post-transplant
period. Similarly, patients with chronic renal failure who developed cancer of
the kidney or bladder prior to renal transplantation are at higher risk for a new
urogenital cancer because of the underlying urinary or renal pathology or
because of the deleterious effects of the loss of renal function on the urogenital
system. In 2005, Kauffman [25, 26] studied 1,358 renal transplant patients and
561 heart transplant patients, all with a previous history of cancer, and 50291
renal transplant patients and 16,160 heart transplant patients without a previous
history of cancer. The incidence of new, post-transplants malignancies was 7.8
and 15.3%, respectively, in the first group vs. 2.8 and 8.8% in the latter group.

Our workgroup has no experience regarding this class of patients but has
studied the incidence of neoplasms, including MPM, in transplant patients
(Tables 6.4–6.6). The results of the only Italian study that considered this sce-
nario from a statistical point of view [27] do not seem to confirm Kauffman’s
findings, nor does the data of other case studies (Tables 6.7, 6.8). 
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Table 6.4 Overall incidence of neoplasm among 968 kidney transplant patients followed at
Federico II University Medical School between 1975 and 2005

Type of neoplasm Number of patients

Skin single cancer (included melanoma) 17

Multiple skin cancer (included melanoma) 19

No skin single cancer 31

Multiple primary malignancies 3

Precancerous skin lesion 19

No benign skin lesiona 3

Total 92

aTwo more benign skin lesions were associated with other cancers 

Table 6.5 Incidence of primary and multiple primary malignancies among 968 kidney trans-
planted patients followed at Federico II University Medical School between 1975 and 2005

Kidney transplant Number of patients Number of cancer patients
patients (n = 968) with cancer (n = 70, 7.2%)a with MPM (n = 3, 4.3%)

Males (n =610) 53 (8.7%) 3 (5.7%)

Females (n = 358) 17 (4.7%) 0

aNot considered: 3 benign and 19 precancerous lesions

Table 6.6 Characteristics of the three male patients who developed multiple primary malig-
nancies, among 968 kidney transplanted patients followed at Federico II University Medical
School between 1975 and 2007

Patient Type of first cancer Type of second cancer Characteristics

1 Prostate Kidney Synchronous, treated 
surgically, disease-free 
for 2 years

2 Kaposi’s sarcoma MALToma Metachronous, medical 
and surgical treatment 
disease-free for 1 year,
exitus at 18 months

3 Lung Squamous carcinoma Metachronous, surgical 
treatment, disease-free at 
8 months, exitus at 
12 months
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Table 6.7 Incidence of primary and multiple primary malignancies among 8,047 transplant-
ed patientsa

Number With a cancer (%) With MPM (%)

Kidney transplant 7,001 411 (5.9) 19 (4.6)

Heart, lung, liver transplant 1,046 122 (11.7) 4 (3.3)

Overall 8,047 533 (6.6) 23 (4.3)
Male 5,415 141 (5.4) 5 (3.5)
Female 2,632 141 (5.49 5 (3.5)

a Patients transplanted at: S.Raffaele Hospital, Milan; Policlinico Hospital, Milan; Policlini-
co Hospital, Verona; Policlinico Hospital, Padua; Ca Foncello Hospital, Treviso; S.Maria del-
la Misericordia Hospital, Udine; Riuniti Hospitals, Bergamo; Civic Hospital, Brescia; S.Bar-
tolo Hospital, Vicenza; Niguarda Hospital, Milan; Policlinico “Gemelli” Hospital, Rome;
Policlinico “S.Matteo” Hospital, Pavia. (Data: courtesy of Dr. P. Piselli, MD)

Table 6.8 Characteristics of the 23 patients who developed multiple primary malignancies
among 8,047 transplanted patientsa

Patient Sex Transplanted Type of Type of 
number organ first cancer second cancer

1 F Kidney Breast Skin (squamous cell)
2 F Kidney Cervix Breast
3 F Kidney Gastric Liver
4 F Kidney Kaposi’s sarcoma Nasal mucosa
5 F Kidney Thyroid Breast
6 M Kidney Burkitt lymphoma Skin (squamous cell)
7 M Kidney Colon Melanoma
8 M Kidney Hodgkin lymphoma Non-Hodgkin lymphoma (NHL)
9 M Kidney Kaposi’s sarcoma Kidney
10 M Kidney Kaposi’s sarcoma Skin (squamous cell)
11 M Kidney Kaposi’s sarcoma Skin (squamous cell)
12 M Kidney Kidney Skin (basal cell)
13 M Kidney Kidney Skin (squamous cell)
14 M Kidney Kidney Skin (squamous cell)
15 M Kidney Larynx Lung
16 M Kidney Melanoma Anus
17 M Kidney NHL Kaposi’s sarcoma
18 M Kidney Prostate Skin (squamous cell)
19 M Kidney Rectum Skin (squamous cell)
20 M Heart Bladder Skin (basal cell)
21 M Heart Colon Skin (basal cell)
22 M Heart NHL Kidney
23 M Liver Kaposi’s sarcoma Liver

aPatients transplanted at: S.Raffaele Hospital, Milan; Policlinico Hospital, Milan; Policlinico
Hospital, Verona; Policlinico Hospital, Padua; Ca Foncello Hospital, Treviso; S.Maria della
Misericordia Hospital, Udine; Riuniti Hospitals, Bergamo; Civic Hospital, Brescia;
S.Bartolo Hospital, Vicenza; Niguarda Hospital, Milan; Policlinico “Gemelli”Hospital,
Rome; Policlinico “S.Matteo” Hospital, Pavia. (Data: courtesy of Dr. P. Piselli, MD).



Detection of a New, Second Donor-Related Cancers in 
Transplant Patients

In this scenario any discussion would be purely theoretical, as it is highly
improbable that a cancer will be transmitted from one subject to another across
the transplanted organ. Such cases reported in the literature generally refer to
isolated events [28]. Furthermore, the likelihood that a neoplastic lesion is trans-
mitted to a recipient who previously had a tumor and, subsequently, deemed free
of cancer, was considered eligible for transplantation is next to zero. 

The Development of MPM After Transplantation

Among the predisposing factors for the development of cancer in transplanted
patients, besides the already-mentioned immune-suppressive treatment, are the
life span of the transplanted patient (and thus the period of time he or she is
exposed to immune-suppressive treatment, oncogenic factors, and viral infec-
tions) and the age of the population of transplanted patients. Such patients have
been shown to have a longer life expectancy, and thus may reach an age at which
the neoplastic risk is naturally higher; moreover, transplant is also done directly
in older patients, who already have a higher risk for cancer [15]. Certain types
of tumors (i.e. cancer of the kidney, liver, lips, skin, vulva and perineum, non-
Hodgkin’s lymphomas, Kaposi’s sarcoma) are more frequent in the transplanted
population and in the majority of cases they are caused by a virus. For the other,
non-viral types of malignancies that occur in transplanted patients, except for
neoplastic lesions of the urinary tract, there is no evidence of a higher incidence
than is present in the general control population [26–29]. It is in this context that
the problem of MPM in transplanted patients should be considered. The data
provided in Tables 6.6 and 6.8 show how often, in the presence of more than one
neoplastic disease, the malignancies detected in transplant patients are caused by
either the same or by two different oncoviruses. In other patients, a viral etiolo-
gy is generally recognized in at one least cancer. Viruses are responsible for the
majority of MPM, implying that this condition is often characterized by the pres-
ence of two or more lesions having similar histologies but localized in different
tissues or even different regions of the same organ, e.g., multifocal hepatocarci-
noma or multiple cutaneous malignancies. We have also underlined that if two
tumors having the same viral etiology are localized in two different sites, they
may theoretically appear at different times (metachronous tumors), but clinical
experience indicates that very often these malignancies manifest synchronously
[30]. These conclusions are confirmed by the clinical experience described in
Tables 6.3–6.7. 
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Secondary Immune Deficiency, Cancer and Multiple Primary
Malignancies: AIDS 

Interactions between the immune system and viruses are bidirectional. In fact,
while in some patients an immune deficiency state can determine an increased
susceptibility to viral infections, in others viral infections are responsible for the
immune deficiency. In these cases, the viruses themselves become the immune-
suppressive agents after their penetration into immune-competent cells (Table
6.9). Among all known viral infections, the most severe and protracted immune
suppression is caused by the human immunodeficiency virus (HIV). HIV
patients have the highest incidence of neoplastic disease (30–40% of infected
patients), i.e. Kaposi’s sarcoma (KS) (period-standardized incidence ratio SIR =
192), non-Hodgkin’s lymphoma (NHL) (SIR = 76.4) and carcinoma of the
cervix (SIR = 8). These lesions are universally considered to be AIDS-defining
cancers [31–39]. These neoplastic diseases are, in turn, variably correlated with
viral infections (KS/HHV-8; lymphoma/EBV; cervical carcinoma/human papil-
loma virus) [40]. Therefore, HIV patients have an increased risk of cancer both
because of the HIV-induced immune suppression and because of the consequent
increased susceptibility to oncoviral infections. Supporting this role of HIV is
clinical evidence of a marked reduction in the risk of developing KS or NHL in
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Table 6.9 Example of viral infection that cause immunodeficiencies

DNA viruses Hepatitis B virus (HBV)
Papova virus
Herpes simplex virus (HSV)
Adenovirus
Epstein-Barr virus (EBV)
Cytomegalovirus (CMV)

RNA viruses Hepatitis C virus (HCV)
Poliovirus
Rubella virus
Measles virus
Respiratory syncytial virus
Parotid gland virus
Human parainfluenza virus
Human influenza virus

Retroviruses Human immunodeficiency virus (HIV)



HIV patients treated with highly active antiretroviral therapy (HAART) [32].
However, the increased survival of HAART patients has radically modified the
spectrum of neoplastic diseases associated with HIV infection. Thus, instead
there is a higher incidence of squamocellular skin cancer; non-melanomatous
neoplasms of the mucous membranes of the oral cavity, pharynx, and lips; can-
cer of the anogenital tract; seminomas; cancers of the lungs, bronchi, and tra-
chea; hepatocellular cancer; Hodgkin’s lymphoma [41]. These tumors, which
make up a pathogenetically heterogeneous group of neoplastic diseases, may
occasionally present contemporarily or shortly one after each other in a HAART
patient, thus creating the condition known as MPM [42–44]. This has been
observed for virus-induced tumors as well as for those neoplasias presumably
caused by environmental factors, such as the abuse of certain substances (drugs,
cigarettes, alcohol, etc.) [45, 46]. However, there are as yet no studies showing
a higher incidence of MPM in HIV patients, even if HAART is expected to facil-
itate the onset of tumors as a consequence of the patient’s longer life expectan-
cy, notwithstanding the persistence of immune suppression [34].

Conclusions

Many observations on the different types of tumors/pre-cancerous lesions and
their increased incidence in ID patients have been made. While immune suppres-
sion, at least theoretically, is surely a predisposing factor in multicancer syn-
drome, there are no significant statistical data favoring a correlation between ID
and MPM. The lack of evidence for the development of a second cancer in ID
patients may be due to the shorter life expectancy of this population. From the
few literature reports and our own clinical experience, we can only generally
conclude that MPM in immune-suppressed patients are usually synchronous,
involve the same organ or tissue but at different sites, have a viral etiology, and
at least one lesion is easily explorable (e.g., skin cancer), thereby allowing early
diagnosis and treatment. It is our opinion that immune-suppressed patients with
MPM should be treated as intensively as possible, so as to completely eradicate
the lesion. Moreover, it might be advantageous to suspend immune suppression
or to switch to other drugs; this approach has yielded good results in the treat-
ment of some neoplastic diseases. In conclusion, while current clinical and epi-
demiological data support a primary or secondary ID state as a risk factor for the
development of neoplastic disease, they do not furnish sufficient convincing evi-
dence that an ID facilitates the onset of MPM. While a rare problem today, MPM
may become an important issue in the future, as new forms of treatment and
stricter follow-ups will assure a longer life expectancy in immune-suppressed
patients with previous cancers. Thus, in potentially immune suppressed patients
(i.e. transplant candidates), greater relevance must be given to measures aimed
at preventing oncoviral infections (as is already done for hepatitis B virus infec-
tions) and to the measures that reduce exposure to environmental oncogenic fac-
tors (drugs, cigarette smoking, alcohol, etc.).
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Chapter 7

Multiple Primary Malignancies and Human
Papilloma Virus Infections

Stefania Staibano, Massimo Mascolo, Lorenzo Lo Muzio, Gennaro Ilardi,
Loredana Nugnes, Concetta Dodaro, Andrea Renda, Gaetano De Rosa

Introduction

Patients may develop multiple primary malignancies (MPM) due to the occur-
rence of many known predisposing factors (i.e. genetic background, environ-
mental factors, hormonal unbalance, and acquired immunosuppression); how-
ever, in most cases, no obvious cause of has been found [1–3]. During the last
few decades, accumulating evidence has pointed to the involvement of human
papillomavirus (HPV) in the development of several neoplastic and preneoplas-
tic lesions of anatomic sites beyond the uterine cervix. In particular, HPV has
been associated with squamous cell carcinomas and related precursors in the
oral cavity, esophagus, skin, larynx, conjunctiva, paranasal sinuses and
bronchus, but even in non-Malpighian-derived tumors, such as urinary bladder
carcinoma. At least for a subset of these cases, it has been suggested that expo-
sure to HPV can precede the appearance of cancer by 10 or more years [4, 5];
nonetheless, the true prevalence of HPV DNA in pre-cancerous lesions remains
uncertain.

As is well-known, HPV is the most common sexually transmitted infection
in the USA and western European countries. Infection with the virus usually
regresses without treatment, but in some cases there is malignant transformation.

Infection with high-risk HPV is a prerequisite for virtually all cervical can-
cers [6] such that HPV DNA testing is currently included in guidelines for cer-
vical cancer screening beyond cytology [7]. It should be noted, however, that
only a few women infected with HPV develop cervical cancer, as most women
experience only a transient HPV infection [8]. It is thought that high-risk HPV
types infection represents the first step in the complex multistep process of cer-
vical carcinogenesis, which requires many concurrent co-factors, including
older age, high parity, acquired immunosuppression, and the use of oral steroids
[9, 10]. In any case, it can be stated that all the cancers of the uterine cervix are
by definition virally derived, thus conferring to these tumors a common “bio-
logical background.” The differences in clinical behavior between individual
cases of cervical carcinoma are probably the result of different genetic muta-
tions accumulated in infected cells during persistent high-risk HPV infection.

A. Renda (ed.), Multiple Primary Malignancies.
©Springer-Verlag Italia 2009 97



Whereas HPV infection in some extragenital human tumors has been exten-
sively described in the literature, there are only limited data addressing the con-
sequences of this infection on the biological behavior of these cancers. In par-
ticular, nothing is known about the presence and relevance of HPV infection in
patients with MPM.

The aim of the study described here was to partially fill this gap by testing
whether HPV played a role in the development of MPM. Clearly, the detection
of HPV DNA in tumor tissue alone is neither sufficient evidence of causation nor
predictive of the evolution of neoplastic and/or preneoplastic human lesions
[11]. For this reason, besides the classical morphological signs of viral infection
and positive molecular biological testing for the presence of high-risk HPV
types, the same series of cases was examined for co-expression of a 60-kDa pro-
tein belonging to the heterotrimeric complex, chromatin assembly factor-1
(CAF-1). CAF-1/p60 has a pivotal role in the epigenetic regulation of cell pro-
liferation and associated DNA-repair process. Recently, this protein has been
proposed as a new and sensitive marker of the biological aggressiveness of some
human malignancies [12–16]. The study concludes with a discussion of the pos-
sible significance of these two parameters in terms of screening options, most
common prognosis, progression rates of preneoplastic lesions, and potential
alternative therapeutic regimens for a subgroup of MPM patients. 

Materials and Methods

Selection of Patients

Files from the Department of Biomorphological and Functional Sciences,
Pathology Section, University “Federico II” of Naples, dating from January
2006 to December 2007 were retrieved and used to establish the patient series.
Archival paraffin-embedded, formalin-fixed tumoral tissues relevant to MPM of
131 patients who underwent surgery for a second tumor in the same University
Hospital was obtained. For each patient, a complete clinical and pathological
data set was available.

From the paraffin-blocks representative of MPM, 5-μm-thick serial sections
were cut for each patient. One section for each case was stained with hema-
toxylin and eosin to confirm the original diagnosis and to record the presence of
morphological evidence of viral infection; the remaining sections were mounted
on slides pre-treated with poly-L-lysine for in situ hybridization (ISH) detection
with INFORM HPV (Ventana Medical System, Tucson, Arizona) probes and for
immunohistochemical staining.
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In Situ Hybridization

To avoid cross-contamination, the microtome was fitted with a new blade for
each case. The INFORM HPV probes are analytic specific reagents for the
detection of HPV DNA by in situ hybridization (ISH). Two different INFORM
HPV probes are able to detect high-risk (16, 18, 31, 33, 35, 39, 45, 51, 52, 56,
58, 68, and 70) and low-risk (6 and 11) HPV types. ISH was carried out accord-
ing to the manufacturer’s guidelines, using the BenchMark Automated Slide
Staining System (Ventana Medical System). As a control, CaSki and HeLa (con-
taining, respectively, integrated HPV 16 and HPV 18 genomes), fixed cultured
cervical cells, and the HPV-negative cell line C-33A were analyzed. The results
of the INFORM HPV slides were evaluated separately by two observers. The
pathologists agreed on the results of ISH in all evaluated cases. A positive sig-
nal for HPV DNA was defined as the presence of dark blue or black dots in the
cell nuclei.

Immunohistochemistry

A section prepared from each block was heated in a microwave oven for antigen
retrieval. Antibody detection was carried out using the conventional strepta-
vidin-biotin-peroxidase procedure, as previously reported [17]. Negative and
specific positive control slides were added to each run for all antibodies tested.
As positive controls, sections of a non-neoplastic, hyperplastic palatine tonsil for
PCNA, normal breast tissue, and infiltrating breast carcinoma for CAF-1/p60
were used. Negative controls were performed by substituting primary antibodies
with antibodies with irrelevant specificity but of the same isotypes as the pri-
mary antibodies.

Immunostaining for PCNA and CAF-1/p60 was evaluated semiquantitative-
ly; the results were graded according to an arbitrary scale as follows: 0 (<5%
positive cells), 1 (weak: 5 to <15%), 2 (mild: ≥15 to <30%), 3 (intense: >30%).

The presence of HPV was investigated by nested PCR; viral genotype was
assessed by direct sequencing. Samples were tested in duplicate, with three con-
trol slides included in each run (blank, HPV-negative, and HPV-18-positive con-
trols).

HPV-DNA was amplified through a PCR assay using a DNA thermal cycler.
This was followed by HPV genotyping.  

Data obtained from the study were analyzed using the one-way analysis of
variance (ANOVA) and Student-Newman-Keuls multiple comparisons test
(SPSS statistical software, version 6.1 for Windows). For the categorical param-
eters the chi-square test was used; continuous variables were analyzed with the
nonparametric Mann-Whitney U-test. P <0.05 was considered significant.
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Results

The study population was composed of 131 patients with MPM. All of the lesions
were metachronous tumors (time to occurrence of the secondary primitive tumor: ≥6
months). The patients were diagnosed as having at least two primary cancer sites.

Histologically, the tumors were of epithelial origin, either squamous (skin,
esophagus, uterine cervix, lung) or glandular (colon, endometrium, lung, breast,
prostate, pancreas, ovary, stomach, thyroid); urothelial tumors (urinary bladder),
mesothelial tumors (pleura), renal cell carcinomas, liver carcinomas, malignant
melanoma (skin and iris melanomas), and testicular and brain tumors.

Among the MPM of our series, 13 squamous cell carcinomas (skin, esopha-
gus, uterine cervix) and three urothelial tumors (urinary bladder cancers)
showed morphological features of viral infection and positive results for high-
risk HPV DNA. Immunostaining showed a marked overexpression (+++) of
CAF-1/p60 in all of the HPV+ tumors (Figs. 7.1, 7.2). By contrast, in the
remaining 115 malignancies of our series, CAF-1/p60 expression ranged from
low (+) to mild (++), with the highest level of immunoreactivity in malignant
melanomas and prostate cancers. Statistical evaluation of these results showed a
significant correlation (p < 0.05) between CAF-1/p60 overexpression (+++) and
HPV infection.
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Fig. 7.1 A case of invasive squamous cell carcinoma of the uterine cervix, positive for high-
risk human papilloma virus (HPV) DNA, as seen by the extensive immunoreactivity for
CAF-1/P60 protein. Streptavidin-biotin peroxidase immunostaining, 150×



Discussion

Cancer is the result of multiple genetic abnormalities and epigenetic events,
most of which are able to influence tumor behavior. The scientific community
has devoted significant effort to investigating tumor genetics and to identifying
markers that may assist in the diagnosis, prognostic evaluation, and treatment of
patients. Unfortunately, the genomic complexity of most solid human malignan-
cies precludes simple molecular screening methods of prognostic and therapeu-
tic relevance.

In MPM, the identification of the molecular events involved in tumorigene-
sis is greatly hampered by the high variability of possible combinations of a
large amount of predisposing factors. However, the recognition of a common
pathogenesis, in at least some of these cases, could represent a fil rouge that can
be followed in a comprehensive evaluation of the patient’s “neoplastic back-
ground,” which, in turn, may provide additional prognostic information.  

Progression to invasive cancer requires the concurrent and sequential accu-
mulation of genetic and epigenetic events. Epigenetic instability leads to chro-
mosomal instability, which then favors carcinogenic progression [18]. The
molecular events linked to HPV cancerogenesis remain speculative.
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Fig. 7.2 A case of invasive squamous cell carcinoma of the skin, positive for high-risk HPV
DNA, as seen by the strong immunoreactivity for CAF-1/P60 protein. Streptavidin-biotin
peroxidase immunostaining, 250×



Nonetheless, it is well-known that high-risk HPV types induce high-grade
epithelial dysplasia and invasive carcinoma of the uterine cervix [19], mainly
through interactions between up-regulated E6 viral oncoprotein and p53 tsg
(tumor suppressor gene) protein, and between up-regulated viral E7 oncoprotein
and pRb tsg protein [20]. These interactions require a shift from productive viral
replication (episomal HPV DNA) to integration of the viral genome into the host
chromosomes.

High-risk HPV types have the ability to activate the cellular DNA methyla-
tion machinery; therefore, they can epigenetically regulate both viral and cellu-
lar genes [21–25]. This phenomenon has been observed also in many human
malignancies linked to a viral pathogenesis, such as gastric carcinomas positive
for Epstein-Barr virus [26, 27], hepatocellular carcinomas in hepatitis-virus-
infected patients [28, 29], squamous cell carcinoma and precancerous lesions of
the cervix uteri in Epstein-Barr-virus infected women, [30] malignant mesothe-
liomas in SV40-infected patients [31], and HPV-positive oral carcinoma and
head and neck cancers [32, 33]. These observations emphasize the fundamental
role of epigenetic changes in virus-associated human cancers [18] and provide a
new point of view to better understand the molecular events involved in cancero-
genesis.

HPV 16 integration in cervical tumors frequently occurs in common fragile
sites (CFS) [34, 35]. These are specific chromosomal loci that, under numerous
conditions, tend to form chromosomal abnormalities and represent a target for
both estroprogestins and tobacco smoke [34]. The ensuing molecular events
probably constitute the basis of the strict interrelationship between epigenetic
inactivation of soluble frizzled receptor protein (SFRP) genes, drinking, smok-
ing, and HPV infection, as reported for head and neck squamous cell carcinomas
[36]. Clinically speaking, tracking down the epigenetic events linked to cancero-
genesis has proved to be a very promising approach to the identification of new
therapeutic targets.

Alterations in DNA methylation, histone modification, and the regulation of
chromatin assembly are regarded as common hallmarks of human cancer and
can be reversed, either spontaneously or by the removal of the pathogenetic
event that caused them. This is the case, for example, in Helicobacter pylori
(HP)-related gastric pathologies, in which eradication of the bacterial infection
reversed E-cadherin promoter hypermethylation [37]. This result showed that
effective treatment of an infectious agent can reverse the hypermethylation of a
tumor suppressor gene. 

Besides methylation, epigenetics has identified a new generation of onco-
genes and tumor suppressor genes [38]. Recent experimental evidence together
with studies on human epithelial tumors [12, 13] have shown that altered expres-
sion of CAF-1 proteins may be regarded as a marker of both deregulated cell
proliferation and a high risk of malignant progression. 

We found marked overexpression of the CAF-1/p60 protein in HPV-positive
cases comprising a series of MPM patients. This result is consistent with reports
in the literature and may be of considerable utility in the evaluation of a partic-
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ular subgroup of MPM patients.
As is well known, cytohistological examination and the detection of HPV

DNA cannot reliably distinguish those patients who will progress to invasive
cancer from the vast majority of those whose abnormalities will spontaneously
regress [39]. Thus, it is premature both in terms of the cost and the prognostic
consequences to test for HPV infection in MPM patients. The frequent transient
nature of HPV infections is such that, as in most females with a positive test for
high-risk HPV, MPM patients may not go on to develop cervical cancer or a pre-
neoplastic lesion [39, 40]. Moreover, the biological behavior of well-established
HPV cancers presents other, confounding aspects. For example, a subset of
patients with HPV-16-positive tonsillar carcinoma was found to have a better
overall and disease-specific survival than patients who were HPV-negative [41].
It is therefore mandatory to define the differences in clinical behavior between
HPV- and HPV+ MPM, in terms of statistical relevance, on a significant series
of cases. In addition, there is a need for more reliable markers of disease pro-
gression than those provided by morphological examination or by testing for the
presence of high-risk HPV types.

A further goal of this investigation was to provide clinicians with useful
information about the biological and molecular characteristics of a subgroup of
patients with MPM in which some or all of the primary malignancies were pos-
itive for HPV infection. The main questions arising from the identification of
this subset of patients: “What is the proper treatment of these HPV-positive
lesions? Should be they treated in the same way of their negative counterparts?
Can they be ultimately prevented?”

The co-expression of high levels of p60 CAF-1 protein in the HPV-positive
tumors of our series of MPM also indicates that in these lesions an important
deregulation of both epigenetic control of chromatin assembly and proliferation-
linked DNA repair has been established. 

Although biological therapies are still in the early phases of development, it
may ultimately be possible to positively interfere with the natural history of
HPV-linked deregulation of the epigenetic control of cell proliferation. Our pre-
liminary data remain to be confirmed by larger and statistically significant series
in order to determine the usefulness of careful screening the primary tumors of
MPM patients for the presence of high-risk HPV. Identification of this sub-group
of patients who are homogeneous for viral infection and epigenetic changes will
allow the biological aggressiveness of these tumors and of the preneoplastic
lesions to be determined, and the most appropriate treatment options to be
addressed. It will also shed light on the natural history of these lesions, the risk
of other viral-linked primary malignancies, the prevention of transmission, and
methods for their prevention and detection.

We think that “the viral pathway to cancerogenesis” represents a promising
alternative perspective for improving our understanding of the biological behav-
ior of at least a subgroup MPM. The study of the epigenetic changes in these
tumors may lead to the identification of “epigenetic markers” to be used in the
early diagnosis, prognostic evaluation and therapy of HPV-linked MPM.
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Chapter 8

The Hereditary Syndromes

Nicola Carlomagno, Luigi Pelosio, Akbar Jamshidi, Marius Yabi,
Francesca Duraturo, Paola Izzo, Andrea Renda

Introduction

Within the ambit of multiple tumors, an important issue is that of already iden-
tified hereditary syndromes, a group of anatomical-clinical entities that have
been well distinguished and studied for years. Such diseases have a common
etiopathogenetic mechanism, mostly represented by a genetic mutation. It is
easy to understand how a patient, who has in his or her genetic history a genom-
ic alteration, could develop multiple tumors.

A close examination of such pathologies is, in our opinion, indispensable to
the study of multiple primary malignancies (MPM). In these syndromes, the
main manifestations are: colonic adenomas for familial adenomatous polyposis
(FAP), colorectal cancer for hereditary nonpolyposis colorectal cancer
(HNPCC), and medullar thyroid cancer (MTC) for multi-endocrine neoplasia
type 2 (MEN2). They can be compared to an “index tumor,” alongside which
other synchronies and/or metachronous tumors can develop.

Biomolecular studies have confirmed that hereditary syndromes have a com-
mon etiopathogenetic process, represented in a specific genetic mutation. This
knowledge together with an awareness of the clinical presentations of these dis-
eases  forms the basis of a correct diagnostic-therapeutic approach. It is likely
that similar mechanisms can be ascribed to “sporadic” MPM, such that closer
examination of the accumulated experience in treating patients with hereditary
syndromes will alter the clinical approach to MPM. For these reasons, we have
carried out a detailed study of the clinical and genetic aspects of the most fre-
quent hereditary syndromes: MEN 1, 2a, and 2b, colorectal cancer (FAP and
HNPCC), and hereditary breast and ovarian cancers (HBOC). 

Clinical Manifestations

Familial Adenomatous Polyposis 

Identification of the adenomatous polyposis coli (APC) gene, responsible for the
transmission FAP, came a century after the original clinical description, although
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the first report of FAP was precisely due to Menzel in 1721. Virchow (1863)
coined the term “polypoid colitis” in describing a 15-year-old boy with signs of
multiple colonic adenomas, and Cripps (1881) described the familial character-
istics of the disease. Cockayne (1927) defined the mode of transmission as auto-
somal dominant, while Dukes was the first to devise a registry by interviewing
family members, as also reported by Lockhart-Mummary in 1930. Diverse clin-
ical presentations in association with specific extracolonic manifestations
(ECM), with the definition of distinct syndromes, were later described [1, 2].

FAP has an estimated incidence in Italy of 1:7,000–23,000 [3].  The average
patient age is 25 years and the classic clinical presentation is the occurrence of
100–1,000 adenomas along the entire colon. The tumors are small (<1 cm), sessile
or peduncular, tubular, villous, or tubulovillous (Fig. 8.1) and become symptomatic
in patients in their early 30s (hematic and mucous diarrhea, abdominal cramps).

The progression of these tumors to cancer in untreated patients occurs with-
in 10 years of symptom onset [4], with a topographical distribution of the tumors
analogous to those of sporadic cancer. The disease is identified in 90% of affect-
ed individuals before they reach age 50, but in 20–46% of cases the proband is
unknown because there is no family history (“de novo” mutation) [5]. The natu-
ral course of FAP is not the same in all families, as the number, localization, and
age of onset of colonic adenomas and CRC, as well as the presence of some
ECM greatly vary. Patients with the variant attenuated familial polyposis coli
(AFAP), or hereditary flat adenoma syndrome, have relatively few adenoma
(<50) (Fig. 8.2) and the disease is of later onset (10–15 years) than the classic
form, with the cancer mostly localized to the proximal tract of the colon [6]. 
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Fig. 8.1 Familial adenomatous polyposis (FAP): severe polyposis with hundreds of adenomas 



Alongside the colonic adenomas, several ECM (often oncological) are
observed, such as desmoids, gastric polyps, and duodenal adenomas, as well as
other benign or malignant neoplasms (periampallary carcinoma, pancreatic can-
cer, cancer of the stomach, adrenals, thyroid, hepatoblastomas, carcinoid,
osteogenic sarcoma, CNS tumors) dental abnormalities, dermoid cysts, osteo-
mas, and congenital hypertrophy of epithelium pigmentation of the retina
(CHRPE). ECM occurring before the colonic adenomas serve as a clinical mark-
er, and some have an important prognostic role (Fig. 8.3). 

Peutz-Jeghers Syndrome

This is an extremely rare (1/200,000) autosomal dominant syndrome character-
ized by the presence of numerous intestinal hamartomas and cutaneous-mucus
pigmentations. The clinical outset is generally in the second decade of life, with
abdominal pain, bowel obstruction (intussusceptions), and digestive-tract hem-
orrhages. The diagnosis is suspected in patients who present with more than two
hamartomas or with a single hamartoma against a background of a family histo-
ry of PJS or with the characteristic cutaneous pigmentation. The prognostic
importance of PJS is related to the occurrence of adenocarcinoma not only of the
digestive tract (colon [20%], stomach [5%], small bowel and pancreas) but also
of other sites (lungs, breast, ovaries, uterus, testicles), with a risk of 80–90%
during the patient’s lifetime [8].
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Fig. 8.2 Attenuated FAP with only a few colonic adenomas 



Hereditary Nonpolyposis Colorectal Cancer

Although a connection between inherited polyposis coli and cancer was estab-
lished at the end of the 19th century, hereditary CRC without polyposis was only
recognized at the end of the 20th century. Henry T. Lynch, of the Preventive
Medicine Dept. of the University of Nebraska (USA), was credited for drawing
attention to this association; in recognition of his work, the two forms of
HNPCC are also known as Lynch’s syndromes I and II. In 1971, Lynch [9]
resumed earlier research of Warthin’s (1913) [10, 11] in focusing his work on
HNPCC. A seamstress who worked for Whartin had told him that she expected
to die at a young age from colonic or endometrial cancer, as this had been the
case in many members of her family [12]. Lynch recognized two forms of
HNPCC. In site-specific HNPCC, or Lynch syndrome I, there is autosomal dom-
inant transmission of nonpolyposis colorectal cancer, with an early age of occur-
rence (25% at 50 years and 70–80% within 70 years), predilection for the prox-
imal colon (60–80%), and high rates of metachronous colorectal cancer (30% at
10 years and 50% at 15 years from the first tumor). Cancer family syndrome, or
Lynch syndrome II, has the same characteristics but also extracolonic tumors
involving the uterus (25–60%), ovaries (8–14%), stomach (13%), and urinary
tract (4%) [12].

HNPCC accounts for 5–15% of all colorectal cancers, although the true inci-
dence is unknown, confounded by incomplete penetrance (<80%), the rapid pro-
gression of adenoma to progression (<5 years), the development of extracolonic
neoplasms, and the inter- and, occasionally, intra-familiar heterogeneity of the
lesions [13].
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Fig. 8.3 FAP-related deaths before and after total colectomy (adapted from [7])



In HNPCC, the adenomas have the same frequency as in sporadic cases, but
a more rapid progression to carcinoma. Due to the deficiency in DNA-repair
genes, adenomas accumulate mutations about three times faster than in sporadic
disease.

Multiple Endocrine Neoplasia

These complex disorders arise from the hyper-function of two or more endocrine
glands. The three main syndromes were described by Wermer (1954), Sipple
(1961), and Williams and Pollock (1966), who, respectively, characterized the
association of parathyroid adenomas, pituitary and endocrine tumors of the pan-
creas and gastrointestinal tract (MEN 1), and of MTC and pheochromocytomas
(PHEO) with hyperparathyroidism (MEN 2a) and multiple mucosal neuromas
and marfanoid habitus (MEN 2b). 

The clinical expression of MEN1 generally occurs in the third to fourth
decade of life; the appearance of signs and symptoms is rare in patients less than
10 years of age. Men and women are equally affected, consistent with autosomal
dominant transmission. However, MEN1 also has been described in numerous
geographical areas and in diverse ethnic groups but with no racial predilection.
Penetrance of the disease is close to 100% but with a variable expressiveness,
such that patients may express some but not necessarily all the components of
the syndrome. The majority of patients, if observed for an extended period of
time, eventually show involvement of all three endocrine tissues, as was the case
in a study in which all three endocrine tissues were shown to be affected in 90%
of MEN1 patients studied at autopsy [14–18].

The clinical manifestations of patients with MEN1 depend on the endocrine
tissue and on the overproduction of a specific hormone, e.g., due to the presence
of neuroendocrine duodenopancreatic or pituitary tumors. The most common
anomaly is not represented a tumor but rather parathyroid hyperplasia. In
90–97% of MEN1 patients there are biochemical signs of hyperparathyroidism.
Importantly, MEN1 causes MPM: neuroendocrine duodenopancreatic tumors
(30–80%), [14–20] furthermore gastrinomas (50–70%), and insulinomas
(20–40%), glucagonomas, VIPomas, and somatostatinomas [15]. Pancreatic
tumors are even more frequent as autoptic targets (>80%), representing the
definitive and most relevant prognostic factor [21, 23]. Wilkinson’s retrospective
analysis [24] conducted on the Tasmanian population over a period spanning 130
years and a Mayo Clinic series [25] covering the period of 1951–1997 have
highlighted that many cases of pancreatic tumors are diagnosed at post-mortem
examination. Other studies have shown a prognostic role for these tumors, as
they, rather than the adverse effects of peptic disease, are the main cause of death
[26, 27] (Fig. 8.4). Pituitary adenoma is relatively less frequent (15–50%) [14]:
prolactinomas (20%), GH-, ACTH-, and TSH-secreting tumors (5, 2, and <2%,
respectively).

Other neoplasm without endocrine functions are rarely present: bronchial
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carcinoid (2%), thymic tumors,(2%), benign thyroid tumors (<1%), benign or
malignant medullary adrenal tumors (<25%), lipomas (30%), facial angiofibro-
mas (85%), collagenomas (70%), and CNS ependymomas (1%) [15, 21].

MEN2A is a rare dominant autosomal hereditary syndrome, affecting <1,000
families worldwide, with a prevalence of 1:30,000 [28]. Almost all such patients
contract MTC, while only 30–50% develop a bilateral and/or multifocal PHEO,
or adrenal medullary hyperplasia and hyperparathyroidism as a consequence of
hyperplasia or parathyroid adenoma (15–30%) [14, 28, 29].

MEN2b is much less common (<5% of all MEN2 cases) [14, 28], but is much
more aggressive than MEN2A. In MEN2b, the MTC is precocious, generally
appearing 10 years earlier than MEN2A with rapid metastases and alongside
PHEO. Hyperparathyroidism is not present, but patients may have multiple
neurinomas of the mucus membranes, ganglioneuromatosis of the gastro-enteric
mucosa (responsible for abdominal distension, megacolon, constipation, or diar-
rhea), skeletal deformations (increased lordosis, scoliosis), flexural elasticity,
myelinated corneal nerves, and a characteristic marfanoid habitus [28]. 

Nearly all MEN2A and MEN2B patients have MTC (6% of all thyroid carci-
nomas, of which about 20–30% are the inherited form), which is usually the first
expression of the syndrome [14, 28]. In MEN2A, biochemical signs of MTC
appear in patient 5–25 yeas of age [30]. In some rare variants, paraneoplastic
syndromes occur before MTC (i.e., lichen amyloidosis cutaneous in the upper
part of the back or excessive production of corticotrophins) [31]. In the familial
MTC subtype, no tumors are associated with MTC. The severity of MTC
decreases from MEN2B to MEN2A to familial MTC [32]. It originates as mul-
tifocal hyperplasia of the thyroid C cells, with the progression to cancer
extremely variable (up to years) [33]. It has a natural tendency to metastasize
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Fig. 8.4 Main causes of death in multiple endocrine neoplasia type 1 (MEN1) (adapted from
[27])



locally (central and lateral, cervical, and mediastinal nodes) and at a distance
(liver, bone, lung) [34]. Clinically, there is swelling or pain in the neck at 15–20
years and, in cases of elevated plasmatic levels of calcitonin or in the presence
of metastatic forms, diarrhea. 

The other main expression of MEN2 is PHEO, with its specific symptoma-
tology of hypertension, episodic headache, palpitations, nervousness, and cuta-
neous paleness all of which are due to excessive synthesis of epinephrine, nor-
epinephrine, and dopamine by adrenal chromaffin cells [28].

The chronological relation between these MTC and PHEO is shown in Fig.
8.5.

Hereditary Breast and Ovarian Cancer

Since HBOC is discussed in-depth elsewhere in this monograph, the discussion
here is limited to the main concepts. In 1994, breast cancer gene 1 (BRCA1) was
identified and associated with HBOC. In 1995, a second gene, BRCA2, was dis-
covered. Based on these findings, a new field emerged in the treatment of breast
and ovarian cancer. Detection of these genes has prompted new challenges and
concerns, such as identifying patients who are candidates for genetic testing,
informing them about the advantages and disadvantages of testing, and deter-
mining the appropriate treatment for those with positive results.
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Fig. 8.5 Temporal relation between pheochromocytoma (PHEO) and medullary thyroid car-
cinoma (MTC) in multiple endocrine neoplasia type 2 (MEN2) (adapted from [28, 35–37])



In western countries, one out of nine women is at risk of developing breast
cancer during her lifetime. Of all such cases, ∼5–10% are the result of a heredi-
tary predisposition. Transmission of BRCA1 and BRCA2 is autosomal domi-
nant. Women with germline BRCA1 or BRCA2 mutations are at higher risk of
breast and ovarian cancer than the general population. Carriers of BRCA1 muta-
tion have a 40–85% lifetime risk of mammary cancer and a 20–50% risk of ovar-
ian cancer. For carriers of a BRCA2 mutation, the likelihood of a breast tumor
is the same, but is 15–20% for ovarian cancer [38–42].

Evidence is mounting that hereditary carcinomas have specific morphologi-
cal patterns, suggesting that their natural histories differ from those of sporadic
cases. In particular, BRCA1-associated breast cancers are highly proliferating
and poorly differentiated tumors. Surprisingly, despite these elements suggestive
of a poor prognosis, the overall survival rates among patients with hereditary
breast cancer and inherited ovarian carcinomas are almost the same or even bet-
ter than in sporadic forms [43]. Another characteristic of hereditary breast can-
cer is its propensity to younger women, with a 49 and 28% risk by age 50 for
carriers of BRCA1 and BRCA2 mutation, respectively. A similar, but less dra-
matic, predilection for early-onset (by age 50) is present also for ovarian cancer:
23–29% (BRCA1) and 0.4–3.3% (BRCA2) [44].

Genetics

During the 1990s, an explosion of discoveries regarding hereditary cancer syn-
dromes included the identification and cloning of several of the relevant genes
[45] (Table 8.1).

Mutation of the oncosuppressor APC gene, on chromosome 5, (5q21), results
in FAP. The cDNA is 8535 bp long and consists of 16 exons encoding a single,
very complex protein (2843 amino acids) with no homologies to already known
proteins. In the homodimer form, it is able to bind cytoskeletal microtubules and
other proteins, including beta-catenin, glycogen synthetase kinase (GSK3b), the
DLG protein (human homologue of the oncosuppressor protein of Drosophila
discs large tumor suppressor), and the microtubule-associated protein EB1. 

The main role of APC is to regulate the beta-catenin concentration, but it also
is involved in cell-cell adhesion, microtubule stability, cell cycle regulation, and
probably in apoptosis as well. 

Since APC gene expression affects growth control in colonic cells, the first
phenotypic manifestation of a mutation is represented by the onset of multiple
small benign tumors. Each adenoma can slowly accumulate successive muta-
tions of other genes (RAS, p53, etc); due to the large number of such adenomas,
it is probably that one or more will progress to carcinoma.

It has been suggested that APC also mediates the apoptotic control of cellu-
lar migration within the colonic mucosa, regulating the balance between cell for-
mation at the base and cell death at the summit of the crypts. Mutations in the
APC gene are very heterogeneous, dispersed along all 16 exons, and the major-
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ity of them are confined to single pedigrees. In 95% of cases, the mutations con-
sist of small deletions or insertions (65% in the germline), altering the context
and determining the formation of premature stop codons and thus of truncated
proteins. There are nonsense point mutations (28% in the germline) and 2% of
germinal alterations are missense and/or splicing site mutations.
Rearrangements of the APC locus are rare. Two mutational hot spots are present
at codons 1061 and 1309.
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Table 8.1 Inherited neoplastic syndromes

Syndrome Gene (year of Multiple primary malignancy 
identification) (MPM)

Retinoblastoma RB (1985) Retinoblastoma, osteosarcoma

Neurofibromatosis-1 NF1 (1987) Neurofibromas multiple, glioma
ottica, neurofibrosarcoma

Li Fraumeni syndrome TP53 (1990) Leukemia, sarcomas, breast, adrenal 
and CNS tumors

FAP APC (1991) Colorectal and extracolonic tumors

Gorlin’s syndrome NBCCS (1992) Basaloma

Schwannoma, meningioma, acustic
neurinoma

Neurofibromatosis-2 NF2 (1993)

MEN2a RET (1993, 1994) Medullar thyroid, pheocromocytoma

HNPCC hMSH2, hMLH1, Colorectal and extracolonic tumors
hPMS1, hPMS2,
MET(1993–1997)

Von Hippel Lindau VHL (1993) Kidney, pheochromocytoma,
hemangioblastoma

Familial melanoma CDKNp16 (1994) Melanoma, glioblastoma, lung

HBOC BRCA1, BRCA2 Breast, ovary, prostate
(1994, 1996)

Ataxia-telangiectasia ATM (1995) Breast

Cowden’s syndrome PTEN (1997 Breast, thyroid, kidney,
hamartomatosis

MEN1 MEN1 (1997) Parathyroid, pancreas, pituitary

MEN2 RET (1993) Medullary thyroid carcinoma,
pheochromocytoma

“Familial gastric cancer” ECAD (1998) Stomach

Peutz-Jeghers’s syndrome STK11 (1998) Colon, ileal and extracolonic tumors



A significant number of families with classic FAP (>100 colonic adenomas)
and AFAP (15–100 adenomas) do not carry APC mutations. In fact, genetic tests
do not show alterations in the gene in over 20% of classic FAP and in an even
higher percentage of AFAP cases [46]. In this variation diverse mutations have
been identified extremely 5’ and 3’ of the APC gene [4]. Recent studies empha-
sized that a subgroup of these APC-negative families, above all with those with
AFAP, have alterations in the MYH-repair gene [47, 48]. MYH-related FAP is
transmitted as a recessive autosomal condition and is characterized by multiple
colorectal adenomas with a high risk of cancerization [49]. The data collected in
some studies indicate a single recessive polyposis MYH-associated syndrome.
[50–55]. Biallelic mutations of MYH can affect other genes involved in colorec-
tal cancer, such as APC [51] and Ki-ras [56]. Sieber’s multicenter study [54]
highlighted that one-third of AFAP patients and 7.5% of classic FAP patients
have biallelic MYH mutations [57].

In HNPCC, the altered genes control DNA repair and are responsible for cor-
rect DNA synthesis during replication; they include the yeast mutS homologues
hMSH2, GTBP (hMSH6) and hMSH3, which form a functional complex with
hMLH1 and hPMS2 [1]. Errors in the repair genes cause nucleotide mismatches. 

Germline mutations in the hMLH1 and hPMS2 genes have been frequently
implicated in HNPCC and are associated, in 90% of cases, with microsatellite
instability in tumor tissues. Microsatellites are small insertions or deletions that
are present in repetitive coding or noncoding genomic regions.

The mutations described thus far are heterogeneously dispersed in codifying
sequences although there is no evidence for a mutational hot spot. They result in
missense and nonsense mutations as well as small and/or large deletions or
insertions that alter the length of the protein or its splice sites. 

MEN1 and MEN2 are caused by alterations of the MEN1 and RET genes,
respectively. MEN1 has almost a 100% penetrance [26]. The mutation responsi-
ble for MEN1 was identified in 1988 and is located in the q13 region of chromo-
some 11 [58, 59]; the gene was cloned in 1997. It is an oncosuppressor gene
formed by 10 exons that span >9 kb of genomic DNA; the encoded protein,
menin, is made up of 610 amino acids [58, 59] and is expressed in lymphocytes,
thymus gland, pancreas, thyroid, gonads, and other tissues. In a manner analo-
gous to that of other oncosuppressor proteins menin is located in the nucleus
[14], where it interacts with proteins that regulate cell proliferation, including
cme JunD [60, 61], Smad 3 [62], and the activator of the S-phase kinase [60, 63].
The latter is a crucial regulator of cdc7 kinase, required for the start of DNA
replication [64, 65].

The genetic defect leading to MEN2, a mutation in the proto-oncogene
cRET, was identified in 1993 [66, 67]. The gene is located in the pericentromer-
ic region of chromosome 10 (10q12.2) and encodes the 21 exons of the RET pro-
tein, a subunit of a multimolecular complex. Germline mutations of c-RET [32]
have been detected in 98% of patients and occur in exons 10, 11, 13, 14, 15, and
16. Mutations of exon 8 have been recently described in familial MTC [28, 68].

When triggered by its ligand, wild-type RET receptors are induced to dimer-
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ize and this dimerization activates RET kinase activity followed by signal trans-
duction [69]. This sequence of events is altered in cells with cRET mutations,
the oncogenicity of which depends on the site of the amino acid change.
Cysteine substitution by several other residues in the cysteine-rich domain is
believed to prevent the formation of intramolecular disulfide bonds, enabling
ligand-independent receptor dimerization and thus constitutive kinase activation.
Thus, cysteine point mutations in MEN2A and FMTC have a “gain of function”
effect on RET. In MEN2A and familial MTC, mutated RET receptors into which
an extracellular cysteine residue has been inserted are constitutively dimerized,
i.e., they function independent of ligand binding.

Mutations at cysteine 634 result in a stronger transforming ability than those
at other extracellular cysteines. In contrast, in most MEN2B cases one of two
intracellular tyrosine kinase domains is altered. Regardless, little is known about
how mutations in the tyrosine kinase domains activate RET. RET-phosphorylat-
ed tyrosines interact with the docking protein FSR2, causing downstream acti-
vation of the mitogen-activated protein kinase (MAPK) signaling cascade. Thus,
mutations at this level may alter regulation of MAPK pathways [70, 71].
Microarray expression analysis of PHEO and MTC tissues from patients with
MEN2A and MEN2B demonstrated differences in their gene expression profiles,
possibly explaining the more aggressive nature of MEN2B [28,72].

Genetic factors account for only a few cases (5%) of breast cancers, but in
25% of patients <30 years of age. In 1988, a group of studies by Marie-Claire
King provided evidence of genetic transmission in families at high risk for can-
cer, and in 1990 a region of the long arm of chromosome 17 (17q21) with genes
susceptible to mutations was identified. 

The BRCA1 gene was characterized in 1994. The BRCA1 protein acts as a
tumor suppressor, probably by negatively regulating cell growth or by being
involved in the search and repair of genome damage or spontaneous mutations.
The latter result in the inactivation of a single BRCA1 allele and precede a
somatic event in breast epithelia cells, which eliminates the remaining BRCA1
allele. BRCA is a large gene with 24 exons, making mutational analyses partic-
ularly complex. 

In the same period in which BRCA1 was identified, a second susceptible
locus was found on chromosome 13. This gene, called BRCA2, is responsible
for more than 30% of familiar breast tumors. Like BRCA1, it is a large and com-
plex gene and its functions are not yet entirely known. Together, BRCA1 and 2
account for 50–75% of familiar breast cancers. The penetrance of BRCA1 and
BRCA2 refers to the possibility that the mutations generate a breast tumor.
Initial estimation of the penetrance of these mutations was very high (80–90%)
but is currently thought to be about 56% (40–73%).

Important mutations of the two genes are very rare in normal populations, but
with interesting geographic variations (1/1,000 in the American population,
1/100 of Ashkenazi Jewish/Eastern European women). 

Other high-risk genes known to predispose women to breast cancer tend to
be rare and associated with specific clinical, diagnostic features: Li–Fraumeni
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syndrome (also associated with soft-tissue sarcoma, adrenocortical carcinoma,
glioblastoma and lung cancer, gene TP53), Peutz-Jeghers syndrome (diagnosed
from the association of gastrointestinal tract hamartomas and skin and mucosal
pigmentation, LKB1/STK11 gene), and Cowden disease (usually associated
with macrocephaly, trichilemmomas and other features, PTEN gene) [73].

Genotype-Phenotype Correlations

The tremendous genetic heterogeneity, with hundreds of mutations in each gene
having been identified, has made it difficult to correlate genetic information with
phenotypic expression, or to associate a genotype with a specific syndrome or
the particularly aggressive behavior of a disease. Nonetheless, knowledge of the
patient’s genotype can influence the clinical, diagnostic, and therapeutic
approach.

In FAP >300 mutations [5] in the APC gene have been described and all are
associated with specific ECM [74–94]. Table 8.2 lists the main associations. 

The mutations responsible for HNPCC (>100, mostly in hMSH2 and
hMLH1) have not yet been characterized in detail, but the prognosis and the dis-
ease phenotype have been preliminarily associated with specific mutations of
MMR genes.

Literature reports [95] have tracked geographic differences in the occurrence
of certain mutations. In the USA, hMSH2 and hMLH1 mutations are equally
distributed, while in other countries (Spain, Korea, China, Sweden, and Finland)
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Table 8.2 FAP: genotype-phenotype correlations in the literature [73–94]

Phenotype Mutation (site)

CHRPE+ 10–15 proximal, 463–1387, 457–1444 codons 

CHRPE- Exons 1–8, 15 distal

Diffuse polyposis 1250–1464 codons

Severe polyposis 1309, 1336 codons

Early-onset polyposis 835. 1309 codons

Late onset polyposis 1061 codon

High rates of colorectal cancer 1250–1450 codons

Multiple extracolonic manifestations 1309, 1402–1578, 1465, 1546, 2621 codons

Attenuated FAP Exons 1–4

Desmoids 1445–1578 codons

Osteomas 1403, 1444 codons

Duodenal adenomas 479, 976–1067, 1700 codons



most mutations involve hMLH1. There are also differences regarding sex, as
men present more frequently than women with MSH2 mutations (96% vs. 39%).

The probability of developing extracolonic cancers and/or MPM, the topog-
raphy of these tumors, and the nodal involvement of colorectal cancer seem
related to specific MMR gene mutations, but the data are too limited to draw
definitive conclusions. Compared to hMLH1, mutations in hMSH2 are associat-
ed with a higher percentage of both extracolonic cancer (63% hMSH2 vs. 35%
hMLH1, p = 0.003) and MPM (42% MSH2 vs. 18% hMLH1, p = 0.004).

Over 600 germline mutations of the MEN1 gene are currently known, but
they have not been matched with specific clinical manifestations [15]. For
MEN2, there is a strong genotype-phenotype correlation (Table 8.3). The three
main pathological expressions (MTC, PHEO, and hyperparathyroidism) can be
associated with specific mutations of the RET gene, which simplifies the man-
agement of these patients in that prophylactic total thyroidectomy is now the
standard approach. In addition, surveillance programs can be differentiated on
the basis of the genetic risk linked to the specific clinical expression of a disease.
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Table 8.3 MEN2: genotype-phenotype correlations in the literature [11, 14, 18, 28, 32]

Mutations Phenotype

Six cysteines in the extracellular cysteine-rich MEN2A (93–98%) and FMTC
domain of RET: 609, 611, 618, 620, 630  (80–96%); infrequent
at exon 10); 790, and 791 at exon 13 hyperparathyroidism 

Codon 634 at exon 11 MEN2A 85% and FMTC 30%,
pheochromocytoma strictly 
associated and high risk of 
hyperparathyroidism

Intracellular domain of RET:768, 790 and 791 Rare MEN2A and FMTC
at exon 13, 804 and 844 at exon 14, 891 at exon 15

631 at exon 10 FMTC

Intracellular tyrosine kinase receptor domains MEN2B >95%
of RET: M918T mutation at exon 16,

Harbor the A883F substitution at exon 15 MEN2B 5%
Missense mutations: 804 and 806 at exon 14, 904 MEN2B
at exon 15, 922 at exon 16

All RET proto-oncogene mutations except those Pheochromocytoma
in codons 609, 768, val804met, and 891 

Codon 768, val804met, and 891 Hyperparathyroidism rare

883, 918, or 922 MEN2B, no hyperparathyroidism 



In HBOC, the breast cancers are usually infiltrating ductal carcinomas, with
some authors reporting an increased frequency of medullary and atypical
medullary types. The tumors are often poorly differentiated, although there may
be subtle differences between BRCA1- and BRCA2-associated disease in this
regard. BRCA-associated cancers are often aneuploid, with high proliferative
rates, as shown by flow cytometry or Ki-67 staining. BRCA1-associated cancers
are usually, but not always, hormone-receptor-negative, in contrast to BRCA2-
associated tumors. HER-2/neu overexpression appears to be uncommon, partic-
ularly in BRCA1, but p53 mutations are common and may be directly relevant
to the pathogenesis of BRCA-associated cancer [44].

Carriers of BRCA1 and BRCA2 mutations have the same lifetime risk of
breast cancer (23–85%), but ovarian (20–50% vs. 15–20%) and prostate (25%
vs. 5–7.5%) cancer are more frequent for BRCA1 [39–42, 44] and male breast
cancer for BRCA2 [96]. Other associations (colon for BRCA1 and stomach and
head and neck tumors for BRCA2) have been suggested but not proven [44].

Our Experience

Analysis of Mutations in Patients with FAP and HNPCC

At our institution, beginning in 2000 and currently ongoing, 65 families with a
history of FAP and 84 with a history of HNPCC, all from southern Italy, have
been analyzed for mutations in the APC and MYH genes (FAP) and for muta-
tions in MMR-genes for HNPCC. Genetic mutations were analyzed by PCR, fol-
lowed by single strand conformation polymorphism (SSCP), protein truncation
test (PTT), denaturing high-performance liquid chromatography (DHPLC), and
DNA sequencing. Of the 65 families with FAP, 32 different APC mutations were
identified in 40 of them (62%) (Table 8.4). Of the 84 families with HNPCC, 17
different mutations in MLH1 and MSH2 were identified in 28 of them (33%)
(Table 8.5). For those families with a clinical diagnosis of FAP or HNPCC diag-
nosis in whom molecular analysis failed to reveal mutations in APC or MLH1-
MSH2  respectively, mutational analyses of other genes also involved in these
syndromes were carried out. 

In the probands of the remaining 25 families with a clinical diagnosis of FAP
but without APC mutation, the MYH gene was analyzed: 11 mutations were
identified in seven FAP patients, four of whom were found to be heterozygotes
(Table 8.6). In the probands of the 56 HNPCC families negative for MLH1 and
MSH2, other MMR genes (MLH3, MSH6, and MSH3) were searched for muta-
tions. Accordingly, seven mutations of the MSH6 gene, one in the MLH3 gene,
and two in the MSH3 gene were found in 13 families (Table 8.7). For some
patients, the presence of one or more MMR mutations could result in an additive
effect for the development of cancer. Importantly, we were able to identify a
large number of carriers (35/61 FAP and 52/96 HNPCC), apparently in good
health, but belonging to a family at risk.
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Table 8.4 Germline point mutations found in the APC gene in FAP families from southern
Italy (phenotype: attenuated = 10–100 polyps, classical = 100–1,000 polyps; aggressive
>5,000 polyps)

Exon Mutation Protein change Phenotype

5 591-592delAG Stop at codon 250-251 Classic
5 595insG Stop at codon 250-251 Aggressive, desmoids,

CHRPE-
8 893-894delAC Stop at codon 325-326 Classic, CHRPE+
14 1797C>A C599X Classic, CHRPE+
14 1879-
1882delAACA Stop at codon 629-630 Classic, CHRPE+
15 2119insT Stop at codon 732-733 Classic
15 2520-
2523insCTTA Stop at codon 860-861 Aggressive, CHRPE+
15 2626C>T R876X Aggressive
15 2638delA Stop at codon 915-916 Classic, CHRPE+
15 2800-
2803delACTT Stop at codon 954-955 Classic
15 2804insA Stop at codon 938-939 Classic, CHRPE+
15 3183-
3187delACAAA Stop at codon 1063-1064 Classic
15 3186-
3187delAA Stop at codon 1063-1064 Attenuated, CHRPE+
15 3202-
3205delTCAA Stop at codon 1125-1126 Classic
15 (3225T>A; 3226C>A) (Y1075X; P1076T)
Classic, CHRPE+
15 3577-
3578delCA Stop at codon 1206-1207 Classic, CHRPE+
15 3927-3931delAAAGA Stop at codon 1313-1314

Aggressive, desmoids, CHRPE+
15 3982C>T Q1328X Classic
15 (4145-46delTC;
4148-50delTGT) Stop at codon 1384-1385 Classic, CHRPE+
15 4526-
4527insT Stop at codon 1512-1513 Attenuated, gastric 

polyps, desmoids,
osteomas

15 4621C>T
Q1541X Classic, gastric polyps,

desmoids, osteomas
* del locus APC - Classic FAP
* del locus APC - Classic, FAP
6 c.697delC Q233fs59X AFAP, thyroid nodules
15 c.4006G>T R1336X Classic FAP

RNA alteration - AFAP 
15 c.3927-31delAAAGA G1309-I1311fs3X

continue ➞
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Classic FAP
15 c.4909G>A D1637N AFAP
15 c.3865delT Cys1289fs16X Classic FAP
15 c.3161-62delAC H1054fs1X Classic FAP
6 c.694C>T R232X Classic FAP
15 c.2522T>A L841X Classic FAP

CHRPE, Congenital hypertrophy of the retinal pigment epithelium

Table 8.5 Germline point mutations found in the MLH1 and MSH2 genes in hereditary non-
polyposis colorectal cancer (HNPCC) families from southern Italy

Exon and gene Mutation Protein change Phenotype (family 
number)

11- MLH1 954delC Stop at codon 366 Lynch II (1) Lynch I (7) 
Lynch I (13) Lynch I (46) 
Lynch II (77) 

7- MLH1 c.579T>C Ser193Pro Lynch I (2) Lynch II (66)

3- MLH1 c.231T>C Cys77Arg Lynch I (3) Lynch II (49) 
Lynch II (59) 

16- MLH1 c.1854_55AA>GCLys618Ala Lynch 
II (37) 

12- MLH1 c.1323G>A Ala441Thr Lynch II (28) 
19- MLH1 c.2248T>C Leu 749Pro Lynch II (32) 
1- MSH2 InsC191/92 Stop codon 81/82 Lynch II (34) Lynch I 

(52) Lynch II (64) 
9- MSH2 c.1467G >T Stop codon  489 Lynch I (8) 
1- MLH1 63delG Stop codon  380 Lynch II (27) 
10- MSH2 1576delA Stop codon 542 Lynch II (48) Lynch 

II (73) 
16- MLH1 1854_56del AAG del618Lys atypical Lynch, (only the 

proband is affected) (16)

5- MSH2 a>t 942+3 del in frame exon 5 Lynch II (68) Lynch 
II (81) 

5- MSH2 t>a 942+2 del in frame exon 5 Lynch I (83) 
5- MSH2 delAAAAAAA RNA alteration Lynch I (57) 

AAAAAA
942+3-16

13- MSH2 c.2135_36insT Stop codon  716 Lynch II (44) 
3- MLH1 c.304G>A Splice defect atypical Lynch,

(proband’s parents 
healthy) (55) 

10- MLH1 c.2379C>T Arg793Cys Lynch II (67) 

continue Table 8.4
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Table 8.6 Germline point mutations in the MYH gene of FAP families from southern Italy

Phenotype Type of Extracolonic Number of APC MYH
inheritance manifestation colon polyps mutation mutation

Classic FAP R NO 100–1000 N.F. c.494A→G
(p.Y165C);
c.692G→A
(p.R231H)

Classic FAP R NO 100–1000 N.F. c.502C→T
(p.R168C);
c.1395-97
delGGA
(p.466delE)

AFAP N.I. NO 7 N.F. c.1145G→A
(p.G382D);
c.270C→A
(p.Y90X)

AFAP N.I. NO 25 N.F. c.972G→C
(p.Q324H)

AFAP N.I. Lymphoma 24 N.F. c.310C→T
(proband’s (p.R231H); 
father: c.494A→G
53 years old) (p.Y165C)

AFAP N.I. NO 5–100 N.F. c.1145G→A
(p.G382D)

AFAP N.I. NO 50–100 N.F. c.1145G→A
(p.G382D)

Classic FAP: >100 polyps; AFAP 2–4/99 polyps; R, recessive inheritance; D, dominant
inheritance; N.I., no inheritance; N.F., mutation not found; the blood test indicates a novel
mutation

Table 8.7 Germ line point mutations found in the MSH6, MLH3 and MSH3 genes in
HNPCC families from southern Italy

Patient Mutations Mutations Mutations Phenotype
in MSH6 in MSH3 in MLH3

05/1 Ex2 431g>t NO NO No family 
(Ser→Ile) history, early 

onset
95/25 Ex4 2633t>g IVS7–9 T>C NO Amsterdam I

(Val→Ala)
04/10 Ex4 2633t>g  Ex21 3110G>A . NO Amsterdam I

(Val→Ala) (Arg→Gly);
IVS6 -63C>T

continue ➞
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Chapter 9

Multifocal and Multicentric Tumors

Carlo de Werra, Ivana Donzelli, Mario Perone, Rosa Di Micco, Gianclaudio
Orabona

Multifocality

Multifocal tumors are not multiple tumors; they originate from a unique cellular
clone and grow multifocally in a single organ (liver, kidney, thyroid, etc.). These
tumors are not included as multiple primary malignancies (MPM), but they can
represent a single event of this syndrome. Multicentric tumors are also different
because they develop simultaneously in more than one organ (e.g, breast, mono-
or bilaterally in the kidney), but without a clonal relationship with respect to
their carcinogenesis. The differential diagnosis is often very difficult. Examples
of multifocality are mammary carcinoma, renal cell carcinoma, hepatocellular
carcinoma, and esophageal adenocarcinoma.

The mechanism by which such multifocal cancers are generated and their
relation to the stage and metastatic potential of the cancer are not fully under-
stood; yet, this knowledge is important for decisions regarding treatment and
surgery. Multifocal cancers can be generated through the dynamic interplay
between tumor-promoting and tumor-inhibiting factors. Mathematical modeling
indicates that somatic evolution away from tumor inhibition and towards tumor
promotion results in the transition from a small contained tumor to multi-focal
tumors, and finally to a large tumor mass within a tissue. Several studies have
identified tumor-promoting and tumor-inhibiting factors, produced either by the
tumor cells themselves or by the cells of the surrounding tissue. An obvious
example is angiogenesis inhibition and promotion, in which simple mutations
can change the balance away from inhibition and to favor promotion. Other
inhibiting factors that are not related to angiogenesis have also been described,
although their exact identity and function remain unknown. In this context,
observations of the pattern of cancer growth have shown that at early stages of
cancer progression the balance between inhibitors and promoters favors inhibi-
tion, until an initiating population of transformed cells produces more promot-
ers or reduces the production of inhibitors; in the same way, other mutants are
produced at a relatively high frequency. 

At this point in the process there are three possibilities by which multifocal
cancer can progress:
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1. Tumor inhibition is strong or slightly shifted in favor of promotion, with
growth initially producing a unifocal and self-contained lesion

2. The first mutation strongly shifts the balance towards promotion, which is
sufficient to result in the generation of multiple focal lesions 

3. Tumor inhibition is weaker upon initiation, such that cancer growth occurs as
a single lesion rather than as several lesions, until the entire tissue is invad-
ed
According to this model, multifocal cancer represents an intermediate stage

in cancer progression, as the tumor evolves away from inhibition and towards
promotion. Several lesions do not occur; instead, the tumor first grows as a sin-
gle and self-limited lesion. Then, if the degree of promotion is large enough rel-
ative to the degree of inhibition, this lesion bifurcates to give rise to two or more
lesions. In both cases 1 and 2, many lesions can appear, but in the first case in
addition to the mutation, which slightly shifts the balance towards tumor forma-
tion, further mutations in an oncogene or a tumor suppressor gene are required
so that the mutant can grow to sufficiently high numbers. In the second case, no
further mutations are required because multiple foci arise from the splitting and
migration of a single lesion. The higher the number of foci, the further advanced
the stage of cancer progression; so that the concept of multifocality becomes
linked to the process of metastasis. 

Several studies that investigated the metastatic potential of multifocal com-
pared to unifocal cancers, were able to show that multifocality correlates with an
increased chance that metastatic cells will grow rather than remain dormant.
This is also due to the reduced inhibition, which allows tumors to grow; this is
why the therapeutic use of inhibitors should be further explored [1].

Molecular and Immunological Basis of Cancer

Genetic mutations are the molecular basis of cancer and they are largely respon-
sible for the generation of malignant cells. Both in multiple and single lesions,
these mutations alter the quantity or function of protein products that regulate
cell growth and division and DNA repair. In other words, the molecular basis of
multifocality is the same as that of cancerogenesis in general (see Chapter 2);
nevertheless, that balance between promoters and inhibitors is important at
molecular level too, so that mutations that favor a more invasive phenotype
increase the probability of multifocality.

In multifocal advanced cancer, the invasive phenotype is associated with
dynamic changes in several marker of the cellular and local tumoral microenvi-
ronment. Studies of ErbB receptors have proved that overexpression of ErbB
heterodimers is associated with the most aggressively growing tumors. ErbB
receptors (ErbB-1/epidermal growth factor receptor, ErbB-2, ErbB-3, and ErbB-
4) were stably overexpressed in a polyclonal cell population either alone or as
paired combinations in murine and human breast cell models. The broad diver-
sity of ErbB-regulated cancer-associated genes and the several novel targets they
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revealed may have therapeutic applications for targeting tumor progression
involving aberrations of ErbB receptors [2].

Another finding of potential therapeutic interest is the hypermethylation of
the tumor-related genes in gastric carcinoma [3].

The immune system is linked to the development of cancer because its dys-
function, as a result of genetic mutation, acquired disease, aging, or immunosup-
pressants, interferes with normal immune surveillance of early tumors. Known
cancer-associated immune disorders include ataxia-telangiectasia (acute lympho-
cytic leukemia, brain tumors, gastric cancer); Wiskott-Aldrich syndrome (lym-
phoma, acute lymphocytic leukemia); X-linked agammaglobulinemia (lymphoma
and acute lymphocytic leukemia); immune deficiency secondary to immunosup-
pressants or HIV infection (large-cell lymphoma, Kaposi’s sarcoma); rheumato-
logic conditions, such as systemic lupus erythematosus, rheumatoid arthritis, and
Sjögren’s syndrome (B-type lymphoma); and general immune disorders (lym-
phoreticular neoplasia). According to the theory of immune surveillance, the
immune system continually recognizes and eliminates tumor cells; when a tumor
escapes immune surveillance and grows too large for the immune system to kill,
cancer is the result. Multifocality is commonly linked to the lack of tumor rejec-
tion by an intact immune systems; it is not always due to the absence of recog-
nizable antigens or to the absence of T cells able to recognize those antigens. In
fact, tumor-specific lymphocytes can be found in the blood, draining lymph
nodes, and the tumor itself of patients with actively growing tumors. These lym-
phocytes can kill tumor cells in vitro but fail to do so in vivo. Progress in our
knowledge about tumor-specific antigens (TSA, also called tumor-specific trans-
plantation antigens, TSTA, or tumor rejection antigens, TRA), tumor-associated
antigens (TAA), immunotherapies, and vaccines represents will provide novel
strategies in the treatment of single and multiple tumors [4].

Liver

Hepatocarcinoma (HCC) is a highly malignant tumor that is generally associat-
ed with a poor prognosis. This disease is highly prevalent in Asia but relatively
rare in developed countries, although the incidence is increasing in both the
United States and Japan. Recent studies in molecular biology have shown that
some HCCs are multicentric. Clinically, it is important to determine whether
multiple tumors in the liver are multicentric or represent metastases from a main
tumor since the results of treatment for single (unicentric), multicentric, and
intrahepatic metastatic HCCs differ (Fig. 9.1).

In one variant of multicentric hepatocellular carcinoma, at least one tumor is
a well-differentiated HCC, whereas in a separate region the tumor(s) are moder-
ately or poorly differentiated HCC. In another variant, there is a well-differenti-
ated HCC with less differentiated tumors at other hepatic sites. Studies on the
outcome of patients with these tumor variants showed that the cumulative sur-
vival rate was significantly higher in patients with multicentric HCC than in
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those with multifocal HCC (associated with intrahepatic metastases). Thus,
according to Cox’s proportional hazard model, multicentricity is not a relevant
factor influencing outcome. The risk of multicentric occurrence increases with
the progression of chronic liver disease. Univariate analysis showed that there are
several risk factors for multicentricity: age, male sex, alcohol abuse, history of
blood transfusion, liver cirrhosis, and hepatitis. The odds ratios for the factors
hepatitis virus infection, male sex, history of blood transfusion, and liver cirrho-
sis were all more than 2.0. Also, hepatic AST and ALT activities were significant-
ly higher in patients with multicentric HCC than in patients with a single HCC,
and the risk of multicentric carcinogenesis increased as ICGR15 (indocyanine
green retention rate at 15 min), AST, ALT, and total bilirubin increased and the
platelet count and albumin level decreased (Table 9.1). These results indicate that
the potential of multicentric carcinogenesis increases with the progression of
chronic liver disease and that chronic hepatitis is responsible for this form of car-
cinogenesis. The prevalence of hepatitis C virus (HCV) was significantly higher
in patients with multicentric HCCs than in patients with single HCC or in patients
with intrahepatic metastasis; thus, HCV seems to be a stronger risk factor than
HBV in multicentric HCCs. This may explain the higher incidence of HCC devel-
opment in patients with HCV (about 7% per year in Japan) than in patients with
HBV, despite suggestions of an interaction between HCV and HBV in multicen-
tric carcinogenesis. Some investigators have found that co-infection with HCV
and HBV has a synergistic effect on HCC development (Table 9.1). 
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Fig. 9.1 Multifocal hepatocellular carcinoma (HCC) of the right lobe of the liver. Two
hyperechoic lesions with hypoechoic halos are seen



Recent analysis of HBV DNA sequences showed that the HBx gene is some-
times detected in HCC and in noncancerous tissues of patients without HBsAg.
HBV DNA is integrated into the cellular genome. This leads to rearrangements
of the cellular DNA, insertional mutagenesis, production of truncated HBV pro-
teins such as preS2/S and X proteins, activation of cellular proto-oncogenes, and
inhibition of p53, which together may lead to carcinogenesis. In one possible
mechanism, genetic changes or carcinogenesis caused by the integration of HBV
could become more deleterious in the presence of continuous hepatitis caused by
HCV. The likelihood of multicentric carcinogenesis is low in patients with
HBsAg because HCC often develops before cirrhosis. In this light, the clinico-
pathological criteria for multicentric HCC are of practical value in the selection
of treatment  in that the viral state of the patient must be taken into considera-
tion. The different risk factors have relevance regarding the development of mul-
ticentric HCCs, even after resection of HCC [5].

Although other therapeutic approaches to HCC have been introduced, sur-
gery remains the treatment of choice. The progression and outcome of truly
relapsed HCC compared with a second primary tumor are distinct, and clonal
analysis of the initial and recurrent HCC therefore of clinical significance.
Recently, one group reported frequent mtDNA mutations in HCC and in the non-
cancerous tissue of these patients. The high frequency of mutations within the
control region of mtDNA allowed determination of the clonal origin of multiple
HCCs in individual patients. Accordingly, if the first tumor but not the second
tumor has a mutation, they should be considered independent lesions. 

Although there are some discrepancies between mtDNA mutation status and
clinical diagnosis, these mutations can help establish the clonal relationship of
the tumors and thus the selection of an appropriate treatment strategy for new
primary tumors or recurrent cancers. This molecular approach requires minimal
DNA from each tumor and can be used to analyze routine needle biopsies.
Finally, the high frequency of control region mtDNA mutations in HCC provides
significant information in determining the clonality of multiple HCCs. Indeed,
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Table 9.1 Correlation between viral infection and incidence of multicentric liver tumors

HCV HBsAg HBcAg N Patients with  multicentric tumors (%)

+ - - 65 7 (11)

+ - + 108 28 (26)

+ + + 10 0 (0)

- - - 15 1 (7)

- - + 15 0 (0)

- + + 38 1 (3)

N, Number of patients; HCV, hepatitis C virus; HbsAg, hepatitis B surface antigen; HbcAg,
hepatitis B core antigen



these mutations may serve as sensitive markers to distinguish metastatic disease
from the occurrence of multiple independent primary tumors [6].

Despite enormous research efforts, relatively little is known about the entire
mechanism of human hepatocarcinogenesis. During the multistep carcinogene-
sis of human cancers, numerous genetic abnormalities accumulate, including the
activation of oncogenes and genes related to cell growth and the inactivation of
tumor suppressor genes. In HCC cells, the CD24 gene is often overexpressed.
This glycoprotein antigen is composed of a short peptide core of only 31–35
amino acids and a very high carbohydrate content. The antigen is present on the
cell membrane of immature B cells and modulates the cellular response to sig-
nal activation. CD24 mRNA was found to be overexpressed in 66% of unicen-
tric HCCs and in 68% of tumor nodules from patients with multicentric HCC.
Analysis of the expression of CD24 mRNA in combination with AFP mRNA
expression, p53 gene mutation, and hepatitis B virus DNA integration pattern
may allow determination of the clonal origin of multicentric HCC [7].

Intraoperative ultrasound (IOUS) is of diagnostic benefit in multifocal
tumors because apart from highlighting the tumor itself, it can reveal the pres-
ence of new nodules. It also allows evaluation of the exact anatomy of the liver
and the relationships of the lesion with vasculobiliary structures, detects neo-
plastic portal thrombi, and identifies the limits of the injury, ensuring proper
resection (Fig. 9.2).
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Fig. 9.2 Intraoperative ultrasound
of small multifocal HCC detected
in the VII hepatic segment, behind
the right hepatic vein



Breast

Multicentricity refers to the presence of separate independent foci of carcino-
ma within the breast separate from the lesion which is clinically or mammo-
graphically evident. The separate foci reflect the de novo development of
malignant epithelium and must be distinguished from multifocal carcinomas,
which can result from intraductal spread from a single, primary carcinoma.
Surgically defined, lesions are considered multicentric if they are situated in
different quadrants of the breast or more than 5 cm apart or in the other breast,
and multifocal if situated in the same quadrant as the primary lesion or less than
5 cm apart. One hypothesis to explain this pattern of tumor growth and exten-
sion is that both multicentric and multifocal breast cancers result from intraduc-
tal spread, in which case the lesions should be genetically similar. An alterna-
tive explanation is the developmental hypothesis: genetic hits to epithelial stem
cells during breast development are transmitted to daughter cells during growth,
such that further genetic hits will predispose some areas of the breast to malig-
nant transformation [8]. According to the a literature review, the prevalence of
multicentricity and multifocality in the breast varies from 9 to 75%; this vari-
ability is due to several important factors, including the difficulty of correctly
defining these tumors following anatomic and pathologic evaluation of biopsy
samples; differences in patient selection, especially patient age, among the var-
ious studies; and the definition of clinical vs. subclinical lesions.

The factors associated with an increased risk of multicentricity are a lesion
located in the nipple or aureole and the presence of ductal or lobular carcinoma
in situ. The relationship between tumor dimension and multicentricity is con-
troversial, but dimension does not represent a risk factor, neither does patient
age. Instead, the tumor istotype is the most important variant in multicentrici-
ty, in that in situ lesions are more frequently multicentric. Ductal carcinoma in
situ (DCIS) tends to evolve towards multicentricity and can affect large areas of
the breast. Similarly, invasive carcinomas have large numbers of DCIS lesions.
Lobular carcinoma in situ (LCIS) is also characterized by multicentricity; its
distribution is nonrandom and mostly involves radial mammary sectors, often
skipping contiguous radii; this suggests that LCIS is distributed along ductal
systems. According to Rosen [9], the risk of multicentricity of DCIS varies
from 35 to 48%, whereas Silverstein [10] recently concluded that DCIS is pre-
dominately monocentric rather than multicentric. It is therefore clear that mul-
ticentricity and multifocality should be evaluated whenever the decision is
made to conservatively treat operable breast tumors. In this context it is funda-
mental to follow the indications obtained by imaging modes such as echogra-
phy, mammography, and magnetic resonance imaging (MRI) (Fig. 9.3).

The true importance of identifying mammographically occult multicentric
or multifocal tumor preoperatively is not well established in terms of either sur-
vival or a decreased rate of local recurrence. The best way to diagnose a multi-
centric breast cancer seems to be MRI (Figs. 9.4, 9.5) [11]. 
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Fig. 9.3 Echography of multicentric breast cancer

Fig. 9.4 A 47-year-old woman with multicentric breast cancer. (a) Craniocaudal mammo-
gram shows round hyperdense opacity (arrow) at external quadrants; (b) mediolateral
oblique mammogram does not clearly detect the tumor



The results of several studies have shown an increased risk of local recur-
rence of 25–40% when the initial disease is multifocal or multicentric, compared
with an 11% recurrence rate when the initial tumor is unifocal [12]. According
to many studies, patients with multifocal tumors have a higher rate of positive
axillary nodes than those with unifocal tumors, so that multifocality represents
a significant predictor of node positivity when the largest tumor focus is classi-
fied (Table 9.2) [13].

Thyroid

Papillary thyroid carcinoma is the most common cancer of the thyroid gland,
with approximately 20,000 cases annually in the United States. Its pathogenesis
involves mutations in the RET, NTRK1, RAS, and BRAF genes. The first sign
of a papillary cancer is often the occurrence of a thyroid nodule that does not
take up radioactive iodine or an enlarged lymph node containing a metastasis. In
patients undergoing surgical treatment for papillary thyroid cancer, pathological
analysis commonly identifies multiple noncontiguous tumor foci in individual
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Fig. 9.5 A 47-year-old woman with multicentric breast cancer. a Contrast-enhanced sub-
tracted coronal magnetic resonance (MR) image (first dynamic phase) shows the major
tumor as a large round area of contrast uptake with irregular borders at external quadrants
as well as three small satellites (arrows) indicative of multifocal cancer. b Subtracted coro-
nal image (first dynamic phase), obtained in a plane anterior to that shown in (a) confirms
multifocality at external quadrants (arrows); however, three other small foci (arrowheads) of
contrast uptake are detected at internal quadrants, and thus evidence of multicentric cancer

a b



glands. Estimates of the frequency of such tumors vary between 18 and 87%,
depending on the techniques used. The pathologic picture of this kind of cancer
is typically a primary tumor >1 cm in diameter; with most of the additional foci
measuring <1 cm in diameter (microcarcinomas). Multifocal tumors have been
associated with increased risks of lymph-node and distant metastases, persistent
local disease after initial treatment, and regional recurrence. All these features
suggest that patients with multifocal papillary thyroid cancer should receive
aggressive treatment. The phenomenon of X-chromosome inactivation, in which
either the maternal or paternal X chromosome in women is inactivated, makes it
possible to determine whether  a tumor arose from one or multiple progenitor
cells because the inactivated X chromosome is stably transmitted from parent
cell to progeny cell. For this reason, all the cells in a clonal population have the
same inactivated X chromosome, maternal or paternal. Studies of X-chromo-
some inactivation patterns have advantages over methods that compare specific
changes in DNA or gene expression in papillary carcinoma, because such
changes could arise as late events in separate subclones of the original tumor and
lead to the mistaken interpretation that clonally related tumor foci are unrelated

C. de Werra et al.138

Table 9.2 clinical  and histological characteristics of patients with  multifocal breast cancer

Characteristics Multifocal tumors Unifocal tumors
N % N %

All women 94 11.1 754 88.9

Age

<50 33 35.1 231 30.6

≥50 61 64.9 523 69.4

Histology

Ductal 70 74.5 614 81.4

Lobular 15 16 73 9.7

Mixed ductal/lobular 4 4.3 15 2

Tubular 4 4.3 17 2.3

Other 1 1.1 35 4.6

Tumor grade

I 18 19.1 155 20.6

II 36 38.3 284 37.7

III 27 28.7 242 32.1

Hormone receptor

ER+ 24 63.2 159 76.1

Node positivity 49 52.1 283 37.5

N, Number of patients



(Fig. 9.6). The discovery of small foci that are histologically identical to a larg-
er cancer nodule in the same gland suggests that the smaller tumors are metas-
tases of the larger tumor. This interpretation is also favored by the anatomy of
the thyroid, since this gland has a unique lymphatic drainage system, with the
two lobes and the isthmus enclosed in a capsule containing an abundant network
of intralobular lymphatic vessels.

The finding that multifocal tumors in papillary thyroid cancer are of inde-
pendent origins has implications for pathogenesis. Since neoplastic transforma-
tion is usually a rare event, it is unlikely that many cells within the same gland
would undergo transformation independently without some predisposing influ-
ence, such as an environmental insult, a mutation, or polymorphisms. Exposure
to radiation is one well-known predisposing factor, but the frequent presence of
multifocal papillary thyroid cancer in patients who have not been exposed to
radiation suggests other influences. Recent studies have shown that any thyroid
tissue remaining after surgical removal of a papillary thyroid cancer in patients
with multifocal disease may contain – or is likely to develop – additional foci of
cancer that could become recurrences. Thus, establishing that foci of papillary
cancer have independent origins provides theoretical support for the appropriate-
ness of total thyroidectomy and radioablation of remaining tissue [14].
Multicentric tumors can also involve the thyroid gland in the context of familial
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Fig. 9.6 Discordant pattern of X-chromosome inactivation in different tumor foci. The tis-
sue was obtainde from a patient with multifocal papillary thyroid tumor, as revealed by
methylation-specific PCR



papillary carcinoma, in which the probability of multiple lesions is higher. The
characteristics of familial thyroid carcinoma are: (a) predominantly papillary
type, (b) early age of cancer onset (mean age about 35 years), and (c) smaller
tumor size and higher frequency of multicentricity. This disease is often charac-
terized by mutations in the proto-oncogenes encoding RET, its tyrosine kinase
receptors (TKRs and NTRK1), thus establishing that the familial occurrence has
a genetic basis. Of interest is the fact that in these cases the alterations are
germline mutations, predisposing a higher number of cells to develop tumors
and explaining why multiple tumors are more commonly found [15]. RET seems
to play a very important role in carcinogenesis in the thyroid and its expression
correlates strongly with the likelihood of developing multiple lesions.
Furthermore, albeit less commonly, multifocality may occur in medullary thy-
roid carcinoma (MTC). For example, MTC in the context of MEN2A is associ-
ated with multifocal RET mutations and C-cell hyperplasia [16].

Bladder

A strong association between the nuclear accumulation of p53 protein (due to
mutations in the p53 gene) and tumor progression in transitional-cell carcinoma
of the bladder has been recognized since the early 1990s. This accumulation pre-
dicts a significantly increased risk of recurrence and death, independent of tumor
grade, stage, and lymph node status [17]. Bladder cancer is often characterized
by a multifocal growth pattern; about one-third of all bladder cancers occur as
several simultaneous tumors appearing at different sites of the bladder wall. This
phenomenon gave rise to the “field cancerization” hypothesis, according to
which individual cells of the bladder urothelium are primed to undergo transfor-
mation because of environmental mutagens, thereby leading to the development
of independent multiclonal tumors. This theory is mainly based on morphologi-
cal and immunohistochemical mapping studies that demonstrated areas of mod-
ified cells adjacent to the sites of the tumors. In contrast, genetic studies have
suggested a monoclonal origin of the tumors because: (a) all tumors of a single
patient with multifocal disease revealed the same X chromosome inactivation
pattern; (b) mostly the same patterns of loss of heterozygosity as well as identi-
cal tp53 mutations were detected. Most investigators have therefore concluded
that intraluminal seeding or the intraepithelial migration of cells originating
from a single primary tumor is responsible for multifocal tumor occurrence.
Bladder cancer is characterized by highly complex chromosomal changes in
cells surrounding the tumors as well as at distant sites. In comparative genomic
hybridization studies of multifocal bladder cancer, the average number of aber-
rations per tumor (20.4) was remarkably higher than that reported for pT2–4 (7.9
aberrations) or grade 3 carcinomas (7.8 aberrations), suggesting an exceptional-
ly high degree of genomic instability in multifocal bladder cancer. One or more
currently unknown genes located on chromosome 17p may exert an influence on
multifocality by inhibiting cell migration capabilities in healthy urothelium. A
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similar effect may be induced by gains involving chromosome 20p. This latter
finding was surprising as this alteration is described only rarely (9%) in mono-
focal bladder cancer. Interestingly, cytogenetically closely related tumors
revealed a close spatial relationship, thus raising questions regarding the mech-
anism of tumor cell spread leading to multifocal bladder cancer.
Immunohistochemistry studies aimed at the detection of cells accumulating the
tp53 protein in tumors and normal urothelium located between the tumors have
been carried out to address this issue. Based on the cytogenetic and immunohis-
tochemical data, it can be speculated that the ability of a neoplastic cell popula-
tion to become multifocal depends on the order in which particular genetic
defects are acquired. In monofocal cancer, there may be a growth advantage
such that tumor formation is the initial step, followed by genetic instability, inva-
sion capability by lysis of the lamina propria, migration into the muscularis
mucosae and blood vessels attributable to loss of cell adhesion, and, finally,
metastatic settlement. In contrast, genetic instability and loss of cell adhesion
may be the initial events in multifocal tumors, leading to the migration of neo-
plastic cells through wide areas of the urothelium. This process may be driven
by specific genetic changes, including the loss of 17p which in turn might inac-
tivate genes that would otherwise prevent the lateral spread of cells throughout
the urothelium or maintain genetic stability. The close spatial relationship of
tumors revealing identical genetic features, tp53 mutations, and patterns of chro-
mosomal aberrations, as well as the detection of tumor cells within continuous
areas of the urothelium, reflect the migration of tumor cells of clonal origin
throughout the bladder epithelium [18].

Kidney

Multifocality is a common feature of papillary renal-cell carcinomas that are not
sporadic but occur in familial syndromes. In contrast to sporadic renal-cell car-
cinoma, fewer steps are required for the development of inherited forms of the
disease, because all of the patient’s cells have a predisposing mutation. As a
result, carcinomas associated with the familial syndromes occur earlier and are
often multifocal. These familial renal-cancer syndromes are autosomal dominant
and the tumors often have defined histologic features. Most commonly, they are
papillary lesions covered by small cells with pale cytoplasm and small oval
nuclei with indistinct nucleoli. The mutation causing hereditary papillary renal
carcinoma occurs in a gene located on chromosome 7 and encoding MET, a
receptor tyrosine kinase that is normally activated by hepatocyte growth factor.
Patients with hereditary renal-cell carcinoma should be closely monitored.
Computed tomography (CT) before and after the administration of contrast
material is the best method to detect and assess renal masses, with gadolinium-
enhanced MRI as an alternative. The studies can be performed at intervals rang-
ing from every 3–6 months to every 2–3 years, depending on the size of the
lesions and the type of syndrome, with larger masses requiring more frequent
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evaluation. Because small masses are usually of low grade, they can be observed
until they reach 3 cm, at which point they should be removed. These lesions are
ideal candidates for minimally invasive percutaneous ablative therapy, especial-
ly in patients with multifocal tumors [19].
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Hereditary Breast Cancer

Multiple factors are associated with an increased risk of developing breast can-
cer, including age, family history, exposure to reproductive hormones, dietary
factors, benign breast diseases, and environmental factors. Recently, increasing
interest has been devoted to the interaction between environmental and genetic
factors. Family history has been recognized as an important risk factor for devel-
oping breast cancer. Individuals with a first-degree family member affected with
breast cancer have a relative risk of 2.1 (95% CI = 2.0–2.2). Moreover, risk
varies with the age at which the affected relative was diagnosed, the number of
affected and unaffected family members and, finally, the closeness of the rela-
tionship [1].

In the mid-1990s, developments in the molecular genetics of cancer led to the
identification of predisposing hereditary breast and/or ovarian cancer genes.
Studies of linkage analysis showed that there is an autosomal dominant predis-
position to breast cancer and led to the identification of several highly penetrant
genes; these included BRCA1 and BRCA2, which cause inherited cancer in
many breast-cancer-prone families.

Overall, 5–10% of primary breast cancers are inherited and 15–20% are
familial [1, 2]. Hereditary and familial forms are identified by the individual and
the family history. In familial forms, members of some families are prone to
developing breast cancer in the absence of identifiable carcinogenic exposure.
Affected individuals in these families may represent clustering of sporadic
occurrences, multifactorial inheritance, the presence of low-penetrance genes, or
common habits and similar life style. Close relatives are at moderately increased
risk of developing that type of malignancy. However, the average age of onset is
usual similar to that observed in the general population.

The family features that suggest a hereditary predisposition to breast cancer
include: (a) multiple cases of breast and ovarian cancer in different generations
of a family, suggesting an autosomal dominant transmission (vertical transmis-
sion) according to the Lynch criteria; (b) an early age of onset; (c) multiple pri-
mary cancers in the same individual (i.e., bilateral breast cancer or breast and
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ovarian cancer); (d) male breast cancer. The presence of both breast and ovarian
cancer in a family increases the likelihood of a cancer-predisposing mutation.

About 84% of hereditary breast cancers derive from BRCA1 and BRCA2
mutations that are characteristic of the hereditary breast/ovarian cancer (HBOC)
syndrome, in which there is an autosomal dominant pattern of transmission,
incomplete penetrance, and variable expressivity [2]. To date, for each of the
BRCA genes approximately 3,400 sequence variants have been identified. Some
specific mutations have been observed in defined ethnic groups, suggesting a
founder effect. The most common in the United States are the three mutations
commonly found in the BRCA1 (185delAG and 5382insC) and BRCA2
(6174delT) genes in Ashkenazi Jews. Founder mutations in other populations,
including those from Iceland, Poland, and in Dutch kindreds also have been
identified. Founder mutations have been described as well in geographically
restricted areas of Italy [3–5]. 

Other known susceptibility genes, such as ATM, PTEN, p53, and STK11, are
involved in hereditary breast cancer syndromes with a well-defined cancer spec-
trum. Unknown low-penetrance genes also seem to be involved in other, less fre-
quent hereditary breast cancers [2]. Mutations in each of these genes produce
different clinical phenotypes of specific cancers and, in some instance, other
non-malignant abnormalities associated with different hereditary syndromes
known to involve the breast as a tumor site within the cancer spectrum. These
syndromes include Li-Fraumeni syndrome, Cowden’s syndrome, ataxia-telang-
iectasia, and Peutz-Jeghers syndrome [6, 7].

BRCA1- and BRCA2-Associated Breast and Ovarian Cancers

Recently, Chen and Parmigiani reported a meta-analysis of BRCA1 and BRCA2
penetrance. The mean cumulative risk at age 70 years was 57% (95% CI,
47–66%) for breast cancer and 40% (95% CI, 35–46%) for ovarian cancer in
BRCA1 mutation carriers. In carriers of BRCA2 mutations, the mean cumula-
tive risk at age 70 years was 49% (95% CI, 40–57%) for breast cancer and 18%
(95% CI, 13–23%) for ovarian cancer [8]. 

Mutations in BRCA1 and BRCA2 particularly increase the risk of early-
onset breast carcinoma. Whereas a woman’s likelihood of developing breast can-
cer before age 50 is normally only 2%, the risk is 33–50% for a woman with a
mutation in one of the two genes. In women with breast cancer, mutations in
BRCA1 have been associated with a 64% cumulative risk of contralateral breast
cancer by age 70.

The variation in cancer risk among the studies involving families assessed for
breast cancer clustering suggests allelic heterogeneity. Moreover, the variation
in risk within families and over time suggests a role for genetic and epigenetic
modifying factors. Nongenetic factors, such as menstrual and reproductive his-
tories, contraceptive and hormone use, exercise and body weight, and environ-
mental and occupational exposure, might explain some portion of the variation
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in breast cancer incidence, as these factors significantly influence the penetrance
even of high-penetrance mutations [9].

BRCA1-associated breast cancers are usually high-grade, poorly differenti-
ated, and infiltrating ductal carcinomas. Atypical medullary carcinomas, a phe-
notype characterized by abundant lymphocytic infiltrate and a smooth margin,
also occur more frequently in patients with BRCA1 mutations. These tumors fre-
quently show a basal-cell-like phenotype, characterized by estrogen receptor
(ER), progesterone receptor (PgR), and HER2/neu negativity and the expression
of basal-cell cytokeratins 5, 6, and 14 [10, 11]. BRCA2-associated breast can-
cers do not have a phenotype or behavior distinct from that of sporadic breast
cancers [7, 10]. 

BRCA1 ovarian cancers usually are serous and papillary; less frequently,
they are endometrioid or of the clear cell variety. Borderline tumors of the ovary
also have been associated with hereditary breast and/or ovarian cancer syn-
drome.

Several studies found that there were no significant differences among
BRCA1- and BRCA2-associated and sporadic breast cancer with respect to out-
come [12, 13].

Cancer Related to BRCA1 and BRCA2 Mutations Other Than
Breast and Ovarian Cancer

Data concerning the risk of cancer at sites other than breast and ovary in carri-
ers of mutations in BRCA1 and BRCA2 genes are contradictory. The Cancer
Genetics Studies Consortium reported an increased life-time cumulative risk for
ovarian cancer (44%), colorectal cancer (6%), and prostate cancer (8%) in
BRCA1 mutation carriers [14]. In a second study, conducted in families ascer-
tained for BRCA1 mutations, the Breast Cancer Linkage Consortium reported an
increased relative risk for several cancers, including pancreatic cancer (RR =
2.26; 95% CI = 1.26–4.06), cancer of the uterine body (RR=2.65, 95% IC
1.69–4.16) and cervix (RR=3.72, 95% IC 2.26–6.10), and prostate cancer in men
under 65 years of age (RR=1.82; 95% IC 1.01–3.29) [15]. 

The Breast Cancer Linkage Consortium also observed increased risks for
several other cancers in carriers of BRCA2 mutations. In particular, statistically
significant increases in risks were reported for prostate cancer (RR= 4.65; 95%
CI= 3.48–6.22), pancreatic cancer (RR= 3.51; 95% CI= 1.87–6.58), gallbladder
and bile-duct cancer (RR= 4.97; 95% CI= 1.50–16.52), stomach cancer (RR
=2.59; 95% CI=1.46–4.61), and melanoma (RR= 2.58; 95% CI =1.28–5.17). The
relative risk for prostate cancer for men below the age of 65 years was 7.33 (95%
CI = 4.66–11.52) (Table 10.1) [16].

Bermejo and Hemminki confirmed the association of BRCA1 and BRCA2
mutations with ovarian, pancreatic, prostate, and stomach cancers at a popula-
tion level. In families with a history of bilateral breast cancer or two cases of
breast cancer in family members age 50 years, there is concern about early-onset
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pancreatic cancers. Prostate cancers are also in excess in these families but the
risk is only moderate. Most cases of ovarian cancer in families with male breast
cancer, and in families with at least two cases of breast cancer diagnosed before
age 50 years are probably attributable to BRCA1/2 mutations [17].

The relationship between BRCA1 mutations and the development of colon
cancer remains puzzling. Recently, Garber reported that the risk of colon cancer
in BRCA1 mutation carriers is, on the basis of studies published, not a matter of
concern. An increased risk of colorectal cancer in BRCA1 carriers may yet be
demonstrated, but it seem increasingly likely that it will be a small increase, if
that, or limited to a particular subset of carriers. Intensified targeted colorectal
cancer screening and prevention should be directed only to the subset of BRCA1
mutation carriers who have remarkable medical histories either personally or
with respect to familial colorectal cancer or other risk factors. Moreover, effects
of modifying factors, such as diet and exposure to other environmental factors,
should be considered. Epigenetic modifications of DNA were recently reported
to be responsible for reversible and clonally heritable alterations in transcription
state, producing a phenotype equivalent to that resulting from an inactivating
germline mutation [18, 19].

The various studies published in this field did not report childhood cancers
in families with hereditary breast cancer. In the most of those studies, the onset
is earlier for hereditary breast, prostate and pancreatic cancer than for sporadic
cancers.

Cancer Genetic Counseling

Scientific developments in the field of the genetics of cancer have led to new
scenarios in the setting of prevention, diagnosis, and management of hereditary
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Table 10.1 Risk for cancer at sites other than the breast in carriers of BRCA1 and BRCA2
mutations

Cumulative risk (%) Relative risk
BRCA 1 BRCA1 BRCA2

Colorectal 6 – –
Pancreas – – –
Ductal biliary tract – 2.26 –
Stomach – – 4.97
Uterine body – – 2.59
Cervix – 2.65 –
Ovary 44 3.72 –
Prostate 8 – 4.65
Melanoma – 1.82 2.58



and familial cancers. Given the necessity to identify and adequately manage the
genetic and familial risk in oncology, ad hoc clinical services have been imple-
mented in many countries. Their aim is to offer cancer genetic counseling to sup-
port individuals in any decision-making process concerning their own risk. 

As the public’s awareness of cancer susceptibility genes has grown marked-
ly in recent years, the demand for genetic services to assess familial cancer risk
and for genetic testing have increased accordingly. Almost all centers provide
genetic testing services not only to cancer patients and their families but also to
individuals concerned with risk. Most genetic counseling services in Europe and
the USA also include medical evaluation, cancer risk assessment, genetic coun-
seling and pedigree analysis [20]. 

In 1975 genetic counseling was defined by the American Society of Human
Genetics as “a communication process which deals with human problems asso-
ciated with the occurrence or risk of occurrence of a genetic disorder in a fami-
ly.” Genetic counseling in the oncological setting (cancer genetic counseling)
should also provide sufficient information to enable the user to make a fully
informed choice of action, particularly regarding prevention, in case of a famil-
ial cancer risk or the identification of a mutation in a family. The goal is risk
assessment, the promotion of awareness, genetic testing for susceptibility genes,
and the management of high-risk subjects and family members by offering ade-
quate preventive measures. 

As the leading organization representing cancer specialists involved in
patient care and clinical research, the American Society of Clinical Oncology
(ASCO) is committed to integrating cancer risk assessment and management,
including molecular analysis of cancer predisposing genes, into the practice of
oncology and preventive medicine. In particular, the ASCO has made recom-
mendations regarding indications of genetic testing, the testing of children for
cancer susceptibility, medical-management counseling after testing, regulation
of genetic testing, protection against discrimination by insurers or employers,
coverage of services, confidentiality and communication of familial risk, educa-
tional opportunities in genetics, and special issues relating to genetic research on
human tissue. Another important aspect concerns oncologists involved in the
management of at-risk subject with respect to oncogenetic counseling, including
the discussion of possible risks and benefits of prevention modalities [21].
Within the setting of prevention, knowledge of the typical cancer spectrum relat-
ed to hereditary breast cancer syndromes is relevant in individualizing subject
management, based on the cancer risk profile.

Familial cancer clinics are continuing to develop across Europe, with consid-
erable similarity in the organization of their activities, including breast-cancer risk
assessment, mutation testing, and management within counseling. In the most Eu-
ropean centers, genetic counseling is led by medical specialists with expertise in
cancer genetics. Formal training in the field of hereditary cancers and cancer ge-
netics is established in the UK and Netherlands but is not available in France, Ger-
many, and Italy. Similarities among centers include the provision of a multidisci-
plinary team including the psychologist with a specific expertise in hereditary and
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familiar cancer issue, albeit with varying degrees of integration. Surveillance and
management protocols are generally based on recommendations that largely have
relied on expert opinion rather than on international guidelines [22].

A Model of Oncogenetic Counseling in Italy 

In Italy, between 1999 and 2005, the Ministry of Research supported a national
project entitled the “Development of a National Network for the Study of
Hereditary Breast Cancer.” This multistep model of oncogenetic counseling was
designed and promoted at the Screening and Follow-up for Hereditary and
Familial Cancer Unit at “Federico II” University in Naples, and was validated by
five clinically oriented centers of the Italian Network [22]. The different steps of
the model are aimed at promoting awareness in individuals identified as being at
hereditary or familial risk (Fig. 10.1) and to apply a global approach to patients
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Fig. 10.1 The multistep oncogenetic counseling model designed at the Screening and
Follow-Up for Hereditary and Familial Cancer Unit, University, Federico II, Naples, Italy.
(Modified from [24])



affected by cancer and to disease-free at-risk subjects through multidisciplinary
team involvement. Oncogenetic counseling is led by the oncologists of the team,
who are trained to assess risk, propose diagnostic/therapeutic strategies, and
explain these to the user considering his or her health or disease status. The
model foresees structured sessions with the psycho-oncologist in order to dis-
cuss benefits, risks, and limitations of oncogenetic counseling, inquire about the
consultant’s motivations and expectations for pursuing genetic testing, assess
psychological functioning, and facilitate emotional expression. Moreover, the
psychological intervention allows the identification of psychological determi-
nant of adjustment problems after test disclosure and full awareness of the med-
ical risks and the various management options [23]. This counseling model
entails risk identification, risk definition, and risk management of subjects with
suspected hereditary breast cancer and their family members. It favors the man-
agement of at-risk subjects through prevention measures based on the risk pro-
file and cancer spectrum [24]. 

At the proband intake, the family history of at least three generations is
acquired by pedigree construction, including maternal and paternal lines; the
individual clinical history is registered and consanguinity is reported. 

For each subject, a risk profile (hereditary, familial and personal) is defined by
widely used predictive models [25]. Hereditary and familial risks are clinically
defined according to the Modena criteria, including familial clustering for breast
and/or ovarian cancers, first- and second-degree affected family members, age of
onset of breast cancer less than 40 years, and bilateral breast cancers. Breast can-
cer before the age of 35 years, male breast cancer, and synchronous breast and ovar-
ian cancers are all definitions of a hereditary risk without familial clustering [26].

The a priori genetic risk of BRCA1/2 mutations is assessed according to the
Frank criteria and BRCApro model, the latter specifically implemented for pen-
etrance estimates in the Italian population [27–29]. Applying the BRCApro
model to the Italian population, carrier probabilities of BRCA1 and BRCA2
gene mutations, including information on the proband’s first- and second-degree
relatives, were calculated using the CancerGene software. 

Genetic testing for BRCA1 and BRCA2 mutations was recommended in the
following conditions: a priori hereditary risk ≥10% according to the Frank cri-
teria; a priori hereditary risk ≥10% according to the BRCApro model; hereditary
risk with or without clustering according to the Modena model. Testing was car-
ried out according to the ASCO policy statement [21] and the Italian guidelines
for genetic testing and performed at the laboratories of the Italian Network. The
testing procedure consisted of direct automatic DNA sequencing, with single-
strand conformation polymorphism (SSCP) and protein truncation test (PTT)
analyses in some cases.

When a disease-free subject requested counseling, it was necessary that the af-
fected family member, generally the youngest, also underwent genetic testing to max-
imize the likelihood of obtaining a useful and informative test result, if a hereditary
risk was suspected. If someone with a cancer diagnosis and a family history of can-
cer is tested and found to have a BRCA1/2 mutation, other family members can un-
dergo counseling and be tested for the specific mutation identified in the family. 
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Spectrum of Related Tumors in Hereditary and Familial Breast
Cancer: Experience in Naples

Here we describe the evaluation of a spectrum of related tumors in
hereditary/familial breast cancer in a series of families selected from subjects
who were referred for cancer genetic counseling to the Screening and Follow-up
for Hereditary and Familial Cancer Unit at “Federico II” University in Naples,
Italy, between 2000 and 2007. This study group consisted of: (1) subjects with a
personal history suggesting a genetic risk (e.g., early-onset breast cancer, male
breast cancer, breast and ovarian cancer in the same subject, and multiple can-
cers beside breast and ovarian cancers in the same subject), (2) cancer patients
with a family history of breast and/or ovarian cancer; and 3) disease-free sub-
jects in families clustering breast and/or ovarian cancers. All subjects derived
from Italy and of Caucasian ethnicity.

For each pedigree, data regarding the family composition were recorded. In
particular, for affected subjects, data concerning cancer, including site, date of
diagnosis, residence at diagnosis, and histological confirmation, were reported.
Probands gave their informed consent at each step of counseling and for research
use of the data. 

The cancer spectrum and the age-standardized incidence rates of tumors
were evaluated in a series of 104 families referred for counseling. Moreover,
mutational analysis for BRCA1 and BRCA2 genes was carried out in 68 fami-
lies of the sample. 

We considered three cohorts of individuals belonging to the following risk
categories according to Modena model: hereditary with clustering, hereditary
without clustering, and familial. Moreover, of the individuals who were offered
genetic testing, the subset of families with a mutated BRCA1/2 genotype was
included.

The pedigrees comprised a total of 4,100 individuals (2,117 females, 1,983
males), including probands and their I–IV degree family members and exclud-
ing non-consanguineous members such as spouses. Of the 104 families, 41 were
grouped as hereditary with clustering (39.4%), 27 as hereditary without cluster-
ing (26%), and 36 as familial (34.6%). Of the 587 independent events of cancer,
294 were detected in the hereditary with clustering group, 103 events in the
hereditary without clustering group, and 190 in the familial group. 

Primary breast cancers were recorded in 312 cases (177 cases in hereditary
with clustering group, 54 cases in hereditary without clustering group, and 81 in
familial group). The percentage distribution of breast cancer was considered for
the three risk categories as a function of both mean age at diagnosis and sex. The
age at diagnosis of breast cancer was 39 years in the hereditary without cluster-
ing group, which was earlier than the age at diagnosis of breast cancer in either
the hereditary with clustering or the familial group (48 years and 57 years,
respectively). Male breast cancer seemed to cluster to a greater extent, albeit not
statistically significant, in the hereditary groups than in the familial group (3%
vs. 2.4%). 
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Tumors other than breast cancer were registered in 275 cases, of which 117
were in the hereditary with clustering group, 49 in the hereditary without clus-
tering group, and 109 in the familial group. Figure 10.2 shows the percentage
distribution of tumors for sites in each of the three risk categories. The percent-
age distribution of ovarian (15%), prostate (9%), and stomach (10%) cancers
was higher in the hereditary with clustering group than in the other two groups
(8, 6, and 0% in the hereditary without clustering group and 8, 5, and 3% in the
familial group). The percentage distribution of kidney cancer in the hereditary
without clustering group was double that of the other two groups (10% vs. 5%,
respectively). Colorectal cancer and lung cancer did not show a typical distribu-
tion pattern in the spectrum of cancers related to hereditary and familial breast
cancer. The high percentage distributions of colorectal and lung cancers in each
of the three groups (11, 16, and 16% for colorectal cancer, and 13, 18, and 15%
for lung cancer in the hereditary with clustering, hereditary without clustering,
and familial groups, respectively) may be representative of the high frequency of
these tumors in the general population. Uterine cancer is associated with the two
groups specifically characterized by the clustering of breast cancer, i.e., the
hereditary with clustering and familial groups (11 and 12% respectively).
Finally, various tumors were detected in each of the three groups, including can-
cer site unknown, hemangioblastoma, bone cancer, and cancer of the adrenal
gland in the hereditary with clustering group; cancer site unknown, ganglioneu-
roblastoma, myeloma, mesothelioma, bone cancer, and central nervous system
(CNS) cancer in the hereditary without clustering group; and cancer site
unknown, anal cancer, esophageal cancer, neuroblastoma, bone cancer,
retinoblastoma, and CNS cancer in the familial group.
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The age-standardized incidence for cancer at a site other than breast cancer,
during the period 1930–2007 did not differ statistically regarding risk categories
and sex (Fig. 10.3). In our series, statistical analysis did not show a cancer spec-
trum that was typical for hereditary and familial breast cancers. At the evalua-
tion of standardized incidence rates for other cancer, the age of onset of the dif-
ferent-site cancers was the same as for these cancers in sporadic cases (data not
shown). A few cases of childhood cancers, such as a case of leukemia, heman-
gioblastoma, ganglioneuroblastoma, and retinoblastoma have been reported.

Among the 68 subjects at hereditary risk, 44, belonging to different families,
were screened for germline BRCA1 and/or BRCA2 mutations. In the 43 subjects
tested for BRCA1, 10 distinct mutations (23.2%) were identified; in the 30 sub-
jects tested for BRCA2, there were six distinct mutations (0.2%). 
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Figure 10.4 shows the percentage distribution of tumors other than breast
cancer in families with BRCA1 and BRCA2 genotypes. Fifty tumors were
detected, of which 36 involved the BRCA1 genotype and 14 the BRCA2 geno-
type. Kidney/bladder cancer and stomach cancer were only detected in BRCA1
families, both with a percentage distribution of 11%, while prostate cancer was
only detected in BRCA2 families, with a percentage distribution of 14%.
Ovarian, uterine, and colorectal cancers clustered in both BRCA1 and BRCA2
families but with a different percentage distribution. The percentage distribution
of ovarian cancer was higher in BRCA1 families (33%) than in BRCA2 families
(22%), whereas for uterine and colorectal cancers the percentage distribution
was higher in BRCA2 (22 and 14%) than in BRCA1 (8 and 5%) families. A high
frequency of lung cancer was registered in each of the two genotype families. In
BRCA1 families, miscellaneous tumors included skin cancer, cancer of the head
and neck, liver and ductal biliary tract tumors, bone cancer, leukemia and lym-
phomas, neuroblastoma and cancer site unknown, each with a 3% distribution.
In BRCA2 families, the miscellaneous tumors were represented by skin cancer,
leukemia and lymphomas, and cancer site unknown, each with a 7% distribution.

Our experience suggests that maximum care must be taken in specific clini-
cal surveillance carried out on the basis of risk categories and mutation status,
until data derived from population-based studies become available.
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Introduction

An inherited predisposition and environmental factors are the main determinants
of human malignancies. Although uniquely, they represent the two outer bound-
aries of cancerogenesis, in most cases they act in combination, in particular
when multiple tumors concomitantly affect the same individual or the same kin-
dred. Inherited multi-tumoral syndromes are caused by germline mutations of
tumor suppressor genes, which can result in either malignant or benign tumors
as well as various nontumoral alterations. However, multiple tumors, i.e. solid
tumors that are not causally related to each other, are increasingly observed in
the same individual in the absence of genetically determined syndromes. This
may simply be due to the increased life expectancy and/or to improvements in
the early diagnosis and treatment of tumors, and thus an improved long-term
survival after removal of the first tumor. However, at least three modern-day
conditions may act as independent factors for the increased occurrence of mul-
tiple solid tumors in the same individual:
1. Radiotherapy and/or chemotherapy, or a combination of both, are increasing-

ly used at the highest doses. Powerful antimetabolic, antiblastic, antibiotic
drugs, together with immunosuppression and immunomodulation facilitate
the occurrence of second tumors, sometimes within the first decade after
treatment.

2. Environmental pollution or inappropriate waste treatment has increased our
exposure to carcinogens and other toxic agents. This has lead to increased
frequencies of some cancers, particularly in subjects genetically more sensi-
tive to these agents. Polycyclic aromatic hydrocarbons, nitrosamines, aro-
matic amines are known carcinogens found in cigarette smoke and in air pol-
lution. Transitional metals (Fe, Cr, Cu, Pb, Cd, V), fibers such as asbestos,
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pollutants from metropolitan areas, as well as long-term and long-distance
side-effects of nuclear accidents (such as Chernobyl or similar nuclear disas-
ters) are certainly responsible for an increased number of tumors, i.e., in
addition to those usually occurring in the natural history of each individual.

3. Patients undergoing organ transplantation, such as liver transplantation, in
the treatment of malignant disease require immunosuppression. In these
patients, in addition to recurrence of the primary tumor, new tumors, related
to chronic immunosuppression, may develop.
This chapter focuses on four different topics, all deriving from the authors’

recent personal experience at a surgical referral center (University of Sienna) for
inherited multi-tumoral syndromes. Firs, we present an analysis of a personal
series (collected during a multi-centric study) of extracolonic manifestations of
familial adenomatous polyposis (FAP), including papillary thyroid carcinoma,
primary liver tumors, and brain tumors. All these tumors were observed in sib-
lings belonging to a FAP kindred. Next, we analyze the occurrence of second
(and third) tumors after retinoblastoma. These patients were tracked by the
National Registry of Retinoblastoma, created in Siena many years ago. These
tumors are peculiar in that they develop in predisposed subjects with germline
mutations of the RB1 gene. However, there is a superimposed effect of
chemotherapy and radiotherapy administered during treatment of the primary,
pediatric tumor. Third, a small personal series of patients with multiple solid
tumors (i.e., excluding lymphomas or leukemia), in the absence of transplanta-
tion and/or related immunosuppression, is presented. This series, while small, is
of particular interest because the data were collected in a tertiary referral center
for inherited multi-tumoral syndromes. Therefore, even if some of these patients
may be index cases for a new, yet unknown multi-tumoral syndrome, they care-
fully checked for the “proxy” inherited syndromes (FAP, HNPCC, MEN 1 and
2, Cowden disease, Li-Fraumeni syndrome, Carney complex, Peutz-Jeghers syn-
drome), which were subsequently excluded in every case. Finally, the lessons to
be learned from the health impact of environmental factors in metropolitan areas
are discussed, including the preliminary experience with the side-effects of air
pollution in the metropolitan area of Milan.

Inherited multi-tumoral syndromes are rare diseases in which various
tumoral and non-tumoral manifestations are found in the same individual
because of a germline mutation in a tumor suppressor gene. The treatment of
these patients requires a combined approach by surgeons, oncologists, and
molecular biologists. Early diagnosis permits surgical treatment in the pre-inva-
sive stage, before full development of the malignant phenotype, with obvious
advantages in terms of both the avoidance of radical treatment and better prog-
nosis [1–3].

In particular, in some inherited multi-tumoral syndromes, such as FAP,
hereditary non-polyposis colon cancer (HNPCC) and Peutz–Jeghers Syndrome
(PJS), colorectal carcinoma is a manifestation integral to the syndrome. In such
cases, the timing of the various therapeutic options, tumor selection (i.e., which
must be treated earlier), the ideal timing for surgery, and the extent of surgery,
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are often unresolved questions that may be best-answered by genotype-pheno-
type correlations [1–3].

Germline mutations of mismatch repair genes (MSH, MLH) are thought to
be the cause of HNPCC (Lynch syndrome), which includes colorectal carcino-
ma, breast cancer, endometrial carcinoma, and ovarian carcinoma. By contrast,
PJS is an autosomal dominant syndrome characterized by melanotic mucocuta-
neous pigmentation and associated with multiple polyps of the gastrointestinal
tract. It is determined by germline mutations of the gene STK11/LKB1, which
encodes a serine-threonine kinase. Mutations of this gene are detected in
30–80% of cases at chromosome 19p13.3. The overall risk that an affected
patient will develop cancer at an age of 70 is 85%. The most frequent neoplasms
include those of the esophagus, stomach, small bowel, colon rectum, and pan-
creas. Less frequent neoplasms are those of the breast, ovary, endometrium,
cervix, and lung. Patients with evident clinical PJS, but in whom a germline
mutation of STK11 at chromosome 19p13.3 has not been detected, show a very
high incidence of cholangiocarcinomas (40%).

Analysis of a Personal Series, Collected during a Multi-centric
Study, of Patients with Extracolonic Manifestations of FAP

The autosomal dominant hereditary syndrome FAP is characterized by the pres-
ence of hundreds to thousands of colorectal adenomatous polyps, which, if not
surgically treated, develop into colorectal cancer (CRC) in 100% of cases. The
prevalence of FAP is 1:5,000–10,000, affecting both genders equally and with a
uniform worldwide distribution. In FAP, colorectal adenomatous polyps begin to
appear in affected individuals at a mean age of 16 years (range 7–36), invariably
evolving into carcinomas in those between 30 and 50 years of age.

FAP is determined by germline mutations of the adenomatous polyposis coli
(APC) gene, mapped at chromosome 5q21 [4]. APC consists of 15 transcribed
exons, and the APC gene product of 2843 amino acids, yielding a protein with a
molecular mass of 311.8 kDa. Because mutations tend to accumulate within the
5’ end of exon 15, between codons 1250 and 1513, this region has been termed
the “mutation cluster region” (MCR), and it is the site of approximately 60% of
reported somatic mutations.

The APC protein is essential for the Wnt pathway. It is part of a protein com-
plex, modulated by the Wnt signaling pathway, that regulates the phosphoryla-
tion and degradation of beta-catenin. Wnts are a family of secreted glycoproteins
that bind to the 7-transmembrane receptor “frizzled” and its co-receptors.
Activation of the Wnt signaling pathway leads to inhibition of GSK-3b, by dis-
sociating the enzyme from a multi-protein complex that involves axin, APC, and
beta-catenin.

Germline mutations of tumor suppressor genes, in this case the APC gene,
are responsible for a wide range of phenotypic alterations occurring at various
ages of life, depending either on biallelic inactivation of the gene, i.e., loss of
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function of the residual allele, or on interactions with modifier genes, environ-
mental factors, sex-related factors (hormones, etc.), all of which variously effect
the function of the APC protein.

In particular, studies of genotype–phenotype correlation have shown that
several types of colonic polyposis are prominently related to the site of APC
germline mutation [1–3]. Severe (classical) FAP, with thousand of colorectal
polyps, occurring early, sometimes within the first or second decade of life, and
usually determining an onset of carcinoma before age 35, is usually associated
with germline mutations in the MCR, i.e., between codons 1250 and 1464,
whereas intermediate FAP is associated with APC mutations between codons
157–311 and 412–1597 (except 1250–1464). Finally, attenuated FAP (AFAP),
with less than 100 polyps, late onset of polyps (4th to 5th decade) and carcino-
ma (delayed), is associated with mutations 5’ to codon 157 or 3’ to codon 1596.

On the basis of these correlations, it has been suggested that, in the planning
of surgical treatment, colectomy should be the intervention of choice, with pri-
mary ileorectal anastomosis (IRA) for patients with APC germline mutations
before codon 1250, whereas primary proctocolectomy with ileopouch anastomo-
sis (IPAA) is recommended for patients with APC germline mutations between
codons 1250 and 1464 [1, 3]. This strategy is based on the results of Wu et al.
[2] in a study of 34 patients with IRAs who were followed up for decades. Of
the eight patients, who required re-operation, seven had APC mutations beyond
codon 1250 [2].

Disruption of the Wnt pathway due to a germline APC mutation, i.e., one that
is present since birth in all cells, not only determines the occurrence of colonic
polyps and subsequent malignant transformation, but the inherited genetic
abnormality also is responsible for numerous extracolonic manifestations. They
include the occurrence of benign and malignant tumors in other sites, such as
gastric and duodenal polyps and cancers [5], liver tumors [6–11], pancreatobil-
iary tumors [12], thyroid carcinoma [13–21], tumors of the central nervous sys-
tem (CNS) [22–25], desmoid tumors [26], ovarian and adrenocortical gland
tumors, as well as non-malignant manifestations, such as congenital hypertrophy
of the retinal pigment epithelium (CHRPE) [27], epidermoid cysts, lipomas, and
dental and bone abnormalities. This association between benign and malignant
abnormalities of various anatomic sites is typical of all inherited multi-tumoral
syndromes. Therefore, early diagnosis followed by proper and timely treatment
requires that clinicians are well aware of the sites of the various extracolonic
manifestations, the typical age of onset, and the genotype-phenotype correla-
tions. Here, three peculiar, even if unusual, extracolonic manifestations of FAP
are extensively analyzed: (1) hepatoblastoma (HB) and primary liver tumors
[6–11]; (2) thyroid carcinoma [13–21]; and (3) brain tumors [22–25].

Genotype-phenotype correlations in patients with FAP-associated HB are
shown in Table 11.1. HB is a rare embryonic tumor that occurs in children, with
an average age of onset of 2–3 years. An increased relative risk of HB has been
found in FAP patients and their first-degree relatives (relative risk RR = 847.95:
confidence limits 230 and 2,168) [6]. Despite this increased risk, FAP-associat-
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ed HB is very rare; for example, only 33 cases (24 men, 9 women) were report-
ed by Giardiello et al. [6]. Table 11.1 lists genotype-phenotype correlations in 15
patients with APC germline mutations: seven of these patients were recruited
during our international cooperative study [7, 10]. It is noteworthy that all of
these germline mutations were located 5’ to codon 1230, most at codon 1061.
Other mutations were located at codons 141, 213, 215, 275, and 302, i.e., in the
very 5’ portion of the gene.

Interestingly, one patient who had right-liver resection at age 2 after neoad-
juvant treatment for HB underwent subsequent resection for hepatocellular car-
cinoma (HCC) at age 14. Therefore, in the same liver, HB occurred at age 2, and
HCC, i.e., a completely different tumor, at age 14 [7, 8, 10].

Table 11.2 lists the patients in our personal series who had FAP-associated
papillary thyroid carcinoma (PTC) (n = 18) [13–21]. Literature reports describe
150 such patients [11]. There is a striking female prevalence (F:M ratio >17:1
vs. 2.5:1 in sporadic tumors). The mean age at diagnosis was 24.8 years in our
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Table 11.1 Genotype-phenotype correlations in patients with familial adenomatous polypo-
sis (FAP)-associated hepatoblastoma

APC germline mutation
Patient Sex Age CHRPE Exon Codon Wild-type Mutant
number (years) seequence sequence

1 M 3.8 – 3 141 GTCATTGC GTCTGC

2 2F 2.3 – 4 Intron 3 G T

3 M 4.0 – 5 213 CGA TGA

4 F 0.1 – 5 215 CAG TAG

5 M 3.2 – 8 279 GGTTAA GGTAA

6 M 0.7 – 8 302 CGA TGA

7 M 4.6 – 13 541 CAG TAG

8 M 3.1 + 13 554 CGA TGA

9a F 3.5 + 15 1061 AAACAAAGT AAGT

10a, b F 2 + 15 1061 AAACAAAGT AAGT

11a M 3.3 + 15 1061 AAACAAAGT AAGT

12 M 3.4 + 15 1061 AAACAAAGT AAGT

13 M 2.4 + 15 1105 CGGGGA CGGGA

14 M 9.9 + 15 1189 GATATTCCT –

15c M 2.5 + 15 1230 CAG TAG

16c F 1.4 + 15 1230 CAG TAG

CHRPE, Congenital hypertrophy of the retinal pigment epithelium
a Thyroid carcinoma associated in one member of the kindred
b Thyroid carcinoma associated in 3 members of the kindred
c Siblings belonging to the same kindred
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series and 28 years in patients described in the literature [13]. In about one-third
of the patients, FAP and PTC were diagnosed concomitantly, in another third
FAP was diagnosed first, and in the remaining third the first diagnosis was PTC.
The histologic type of PTC was almost always (at least two third of patients)
“conventional” papillary; however, an unusual pattern, the so-called cribriform
morular pattern, which is very infrequent in sporadic tumors (<0.16%), was
found in one-third of these patients [16–20]. Interestingly, in a comparison of
patients with and without PTC, most, i.e. 22 out of 24, had APC germline muta-
tions located before codon 1220 (p = 0.005) [13].

Noteworthy, there was no loss of heterozygosity for APC in the thyroid
tumoral tissue [15], suggesting a dominant negative mechanism or a role for
concomitant environmental factors (e.g., ionizing radiation) [21]. Most patients
had RET/PTC activation [16].

Table 11.3 lists the incidence of FAP-associated brain tumors and PTC in the
same patient or kindred. Brain tumors (BTs) were recognized by Turcot [22] as
a component of the inherited polyposis colorectal syndrome. However, Turcot’s
syndrome included BT polyposis associated with FAP (mostly medulloblas-
toma) and with HNPCC (mostly glioblastoma) [23, 24]. Attard et al. [25]
showed that most of these FAP-associated BTs co-segregated with HB. In our
series, we found that FAP-associated BTs not only co-segregate in the same
genomic area as HB, but also that there are individual patients, or patients
belonging to the same kindred, who concomitantly have colonic polyps, PTC,
and BT. Most of these patients also have CHRPE. Interestingly, in addition to
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Table 11.3 Brain tumors associated with PTC in the same patients or FAP kindred

Author (year) Sex Agea APC Brain tumor PTC CHRPE
mutation

Histotype Patient age

Crail (1994) M 24 1061 Medulloblastoma 24 +b nr

Lynch (2001) F 29 1061 Medulloblastoma 30 +c nr

Fenton (2001) F 29 1061 Medulloblastoma 6 +b +

Plawski (2004) nr 35 608 Cerebral falx tumor na +c nr

nr 10 608 Brain fibromatoses 10 +c nr

Gadish (2006) F 21 1061 Pinealoblastoma 18 +c nr

Our series F 22 778 Craniopharyngioma 16 +b +

F 36 1061 Medulloblastoma 32 +c +

F 20 1061 – – +c +

F 22 1061 – – +c +

nr, Not reported
a Age (years) of first diagnosis of colonic polyps
b In the same patient
c In another member of the same kindred



medulloblastomas, other malignant tumors, such as pinealoblastomas or astrocy-
tomas, and  even benign tumors, such as brain fibromatoses, pinealoma, pineal
cysts, and cystic tumors of the CNS, are observed. Therefore, even if FAP-asso-
ciated BTs usually do not include glioblastomas or other aggressive histotypes,
the prognosis of FAP patients with BT is often dismal, because in these patients,
as well as in those with HB or primary liver tumors, the occurrence of the tumors
precedes that of colonic polyps, and tumor recurrence is frequent.

While PTC in FAP may also recur, recurrence is infrequent (<10% of cases)
and usually many years later. One of the main findings of the present study is
that BTs co-segregate with PTC in patients with FAP. In particular, intensive
screening for HB before age 2, for BT after age 2, and for thyroid nodules after
age 15 is recommended, when a single patient or an entire kindred has CHRPE
or mutations in exon 15. Like any other extracolonic manifestation, HB, PTC,
and BT may precede clinical diagnosis of FAP. Whether patients with HB, PTC,
and BT usually have APC mutations in the same genomic area needs further con-
firmation. However, this observation could facilitate early diagnosis, better treat-
ment, and a deeper insight into genotype-phenotype correlations in patients with
FAP. For example, in addition to more informed selection of the proper surgical
procedure, other choices can be made according to the germline mutations,
including age at which endoscopic surveillance should begin, intensity of rectal
surveillance, or whether surveillance is required only after colectomy and ileo-
rectal anastomosis [28, 29].

In FAP patients, the severity of the disease cannot be defined simply on the
basis of the number or early onset of colonic polyps. In fact, FAP is not merely
a pre-neoplastic disease of the colon, but a genetically determined multi-tumoral
syndrome. The diversity and the relative importance of the various tumors dif-
fer, even in terms of patient survival.

In a relevant subset of APC patients, 7–23% who were negative for APC
mutation and had a phenotype overlapping that of attenuated FAP (AFAP) there
were associated biallelic germline variants of the MYH gene. MYH is a DNA
glycosylase involved in the repair of oxidative guanine damage, (MIM
#604933). Recognition of this autosomal recessive form of adenomatous poly-
posis suggests the genetic heterogeneity of adenomatous polyposis. Screening
for both APC and MYH mutations should be considered in patients who do not
have a family history of thyroid tumors. Extracolonic manifestations such as
osteomas and desmoid tumors are less frequently associated with MYC muta-
tions [30].

There is legitimate hope that, in patients with inherited multi-tumoral syn-
dromes, genetic analysis will eventually guide not only intensive screening, but
also surgical practice. Particularly in FAP patients, surgical treatment, in terms
of extent of colon resection and the choice of the reconstructive procedure, as
well as the overall therapeutic strategy for patients who may have five or more
extracolonic manifestations, cannot be planned without an accurate preoperative
genetic analysis. However, when specific oncogenetic alterations have already
involved a given tissue (such as ret-PTC activation in patients with FAP-associ-
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ated thyroid carcinoma), caution is required in speculating on the risk of occur-
rence of one type of tumor instead of another, or in attempting to establish the
severity of the multi-tumoral syndrome simply on the basis of the germline
mutation. There is wide phenotypic variability, both within different kindreds
carrying the same APC mutation and within the same kindred. Modifier genes
and environmental factors, especially for peculiar tumors such as thyroid carci-
noma, play a major role in the occurrence of the malignant phenotype. In these
cases, the germline APC mutation may only serve to give an overall greater
propensity to tumor development [13, 21].

Despite the use of tyrosine-kinase inhibitors, such as imanitib mesylate in the
treatment of chronic myeloid leukemia and gastrointestinal stromal tumors, as
genetically targeted drugs, genetic treatment of cancerous diseases is not around
the corner. In fact, clinically evident tumors usually manifest a multi-step car-
cinogenetic mechanism that develops over a period of years and consists of
alterations in multiple genes as well as the disruption of different pathways.
Therefore, genetic replacement of multiple abnormalities does not seem feasi-
ble, at least in the near future. While intensive genetic screening is suggested in
cases involving specific tumors that have an increased incidence in patients with
a given germline mutation, we advise caution before extrapolating surgical
guidelines from mutational analysis and the avoidance of surgical treatment
planning simply on the basis of germline mutations.

Analysis of Second (and Third) Tumors after Retinoblastoma: A
Study Based on Patients Enrolled in the Siennese National
Registry of Retinoblastoma

Data from the Italian Retinoblastoma Registry (n = 1,111; 703 sporadic and 408
hereditary retinoblastomas) were recently reported [31, 32]. Patients were
recruited between 1923 and 2003. About a quarter of them were recruited at our
institution (University Hospital of Sienna). In 35 unrelated patients, we identi-
fied retinoblastoma (RB1) mutations (RB1 gene mapped at chromosome 13p14)
in six out of nine familial cases (66%) and in seven out of 26 patients without a
family history of RB (27%). Screening the entire coding region of the RB1 gene
by single strand conformation polymorphism (SSCP) analysis revealed 11 novel
mutations, including three nonsense, five frameshift, and four splice-site muta-
tions. Only two of these mutations had been previously reported [31].

The second malignant neoplasm was located inside the radiation field in 21
patients and outside the radiation field in 17 patients. Soft-tissue sarcomas
were observed in 12 patients; specifically, nine osteosarcomas and three rhab-
domyosarcomas) (Table 11.4). Whereas the rhabdomyosarcomas were all
within the radiation field, of the three leiomyomas, two were outside of the
radiation field, suggesting an inherited predisposition through the germline RB
mutation.
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Similar data were reported by Kleinerman et al. [33–36], who estimated the
risk based on the histologic type of soft-tissue sarcomas in a large cohort (n =
963) of long-term survivors, coming from two institutions after diagnosis of
hereditary RB. Between 1930 and 1959, 306 patients were diagnosed; between
1960 and 1969, 312 patients; and between 1970 and 1984, 345 patients. Of the
69 soft tissue sarcomas observed in 68 patients, ten were soft-tissue sarcomas
(14.5%), eight rhabdomyosarcomas (11.6%), 13 fibrosarcomas (12 histiocy-
tomas (17.1%), three liposarcomas (4.3%), and 23 leiomyosarcomas, i.e., malig-
nant tumors of smooth muscle (33.3%). Fourteen of these 23 were located out-
side the radiation field. Furthermore, the site of occurrence was influenced by
sex. In males, seven of 11 tumors (64%) were located mainly in the head and
face, whereas in females seven of 12 (58%) were in the pelvic area (5 in the cor-
pus uteri, 1 in the pelvis, and 1 in the retroperitoneum). Interestingly, one
patient, after RB, had cutaneous melanoma 20 years before developing
leiomyosarcomas, suggesting an underlying genetic susceptibility to both
tumors. Other patients developed lung cancer late in life [34]. In general, the age
at which the sarcoma occurred was approximately equivalent to the expected age
of distribution for individual subtypes of sarcomas in the general population,
with rhabdomyosarcoma and fibrosarcoma occurring mainly within 10 years
after RB diagnosis, i.e., before age 20, and leiomyosarcomas arising later.
Eighteen of the 23 leiomyosarcomas (78%) were diagnosed 30 or more years
after RB.
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Table 11.4 Second tumors in patients with previous retinoblastoma (University of Sienna
series)

Second tumor histotype Number of affected patients 

Osteosarcoma 9 (5 lower limbs, 2 upper limbs, 2 skull and face)

Soft-tissue sarcoma 6

Rhabdomyosarcoma 3

Leiomyosarcoma 2

Brain, CNS tumors 4

Meningioma 2

Myeloid leukemia 3

Samll intestine 2

Melanoma 2

Seminoma 1

Breast 1

Ovarian sarcoma 1

Prostate carcinoma 1

Kidney carcinoma 1



Soft-tissue sarcomas represented, together with bone sarcomas, 76% of all
cancers diagnosed before age 25, and 48% of all cancers diagnosed at older ages.
Brain cancer and nasal-cavity tumors were also found as second tumors in RB
patients. Brain, nasal-cavity, bone, and soft-tissue sarcomas in the head and neck
may have been, at least partly, related to radiation, which was associated with
surgery in 88% of cases; however, the occurrence of leiomyosarcoma in the
pelvis, i.e., outside of the radiation field, suggested that the RB1 gene confers
susceptibility to uterine leiomyosarcoma without radiation or at very low doses
[37–40].

The data suggest that alterations of the RB gene are mainly responsible for
the development of RB in the retinal epithelium, but they also confer a specific
susceptibility to soft-tissue sarcomas, namely, leiomyosarcomas, which can
occur at distant sites and long after the initial diagnosis. Therefore, it is impor-
tant that survivors continue to undergo regular surveillance for sarcomas, partic-
ularly those of the uterus, even 30 years after RB diagnosis. Cumulative data
concerning RB, including our own, suggest that, in addition to second-cancer
susceptibility driven by germline RB mutations, second tumors after RB are also
determined by treatment-related factors, such as concomitant radio- and
chemotherapy. Therefore, early diagnosis, the key factor determining the need
for radical surgery without adjuvant therapy, and new therapeutic approaches,
such as local administration of drugs to minimize systemic side-effects, should
be additional major goals in the overall RB treatment strategy [31–40].

Analysis of a Small Personal Series of Patients with Multiple
Solid Tumors

Data concerning patients with multiple tumors, including colorectal cancer,
occurring in the absence of inherited multitumoral syndromes are reported in
Table 11.5. During the last 3 years (beginning in 2005), five patients (4 with
colon cancer, 1 with rectal carcinoma) with second or third tumors have been
admitted to our institution.

Such data are of particular interest to surgeons as they must be aware that, in
a patient with a previous cancer, a new solid tumor may occur either as a part of
or in the absence of an inherited multitumoral syndrome. The treatment of
patients with multi-tumoral syndromes or second tumors involves coordination
of the timing and the various procedures with other specialists. Familiarity with
the occurrence of second tumors and the ability to suspect them will ensure early
and effective diagnosis. In addition, a word of caution is required concerning
“extended” surgical resection or extended radio- or chemotherapy in these
patients, since, even in the absence of a known inherited multi-tumoral syn-
drome, they are highly susceptible to second tumors. Therefore, an additional
medically induced decrease of their immune defenses could be inappropriate.

Early diagnosis, either in patients with inherited syndromes or those with
second tumors, is facilitated by thorough knowledge of the most frequent sites
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of related tumors, such as in RB patients. Noteworthy is the complete absence of
clinical symptoms in patients with second or third tumors who comprised our
small series, at least as observed during the last 3 years. All four patients devel-
oped colorectal cancer, in some case “locally advanced” (T3 with local lymph
node involvement in 2 patients) (Table 11.5). Even in the patients who under-
went regular follow-up with clinical examination every 3–6 months, ultrasound
every 6 months, and computed tomography (CT) every year, the earliest altered
marker was an increase of CEA, which increased from <10 units to ≥20 units.
However, in the presence of elevated CEA levels, the first suspected diagnosis
was recurrence of a previous abdominal cancer (ductal carcinoma of the pan-
creas, ampulloma, cholangiocarcinoma). Imaging examination was negative
(ultrasound, CT). The patients underwent upper GI endoscopy and colonoscopy
as completion procedures, in the absence of symptoms suggesting enteric
involvement. Interestingly, CEA values returned to within physiologic levels
immediately after surgery and remained “normal” excluding the patient who
died due to a recurrence of sigmoid cancer. In this patient, colonic cancer was
the fourth solid tumor.

Lessons from the Health Impact of Environmental Factors in
Metropolitan Areas

Advancements in science and technology, more health-conscious life styles, and
living in metropolitan areas in which there are diagnostic and therapeutic refer-
ral centers have facilitated early diagnosis and treatment of many diseases,
including cancer, and thereby have increased our life expectancy. However, at
the same time it is clear that living in densely populated metropolitan area like-
ly increases the incidence of second tumors. This is especially true in predis-
posed children with a history of RB or other pediatric malignancies and in the
frail elderly. Despite much research and speculation, at present, there is no clear-
cut evidence that living in close vicinity to waste-treatment plants or highly pol-
luted sites increases significantly the risk of malignancies in the absence of
genetic predisposition, particularly when compared with exposure to other
known carcinogens, such as tobacco smoke and asbestos exposure. Nonetheless,
recent studies concerning the roles of environmental exposures and gene regula-
tion in disease etiology have shown that physical (radiation, asbestos) or chem-
ical pollutants influence a diverse array of molecular mechanisms and conse-
quently alter disease risk.

New perspectives, including those addressing the “plasticity” of the genome
and its regulation, have provided support for genomic reaction and adaptation in
response to environmental stimuli. In particular, chemicals deposited in the envi-
ronment by human activities can and do promote disease by altering gene
expression. Epigenetic studies have improved our knowledge concerning the
fetal origin of adult disease, while offering novel possibilities for the investiga-
tion of acquired and potentially heritable genetic variation and disease suscepti-
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bility. For example, recent studies have examined why a given chemical can have
multiple modes of action and why sensitivity to chemical exposure varies among
individuals. Most important, these studies have led to new ways of thinking
about disease etiology, showing that disease risk is best predicted by consider-
ing genetic and environmental factors in tandem. According to this view, pheno-
typic expression of some manifestations of inherited multi-tumoral syndromes
can be determined by epigenetic factors. Examples of this are the striking female
prevalence of papillary thyroid carcinoma in FAP patients (F:M=17:1), which is
certainly related to hormonal differences, and the increased incidence of thyroid
tumors 8–12 years after the Chernobyl accident [21], suggesting a long-term and
long-distance effect of nuclear disasters, at least in the subgroup of frail and
genetically predisposed subjects, with FAP or other inherited tumoral syn-
dromes, who are highly susceptible to radiation [21]. Similar comments can be
made concerning the role of external radiation in the occurrence of primary or
second tumors in some individuals instead of others, even if they have had the
same professional exposure or live in the same area or building, or even belong
to the same kindred.

Molecular biology may soon be able to explain the mechanisms behind long-
term survivals (even for usually rapidly evolving tumors, such as pancreatic car-
cinoma) and therapeutic procedures, and how they interact with the biological
behavior of a tumor in association with individual host predisposition. Evidence
is accumulating that exposure to some xenobiotics determines genotoxic
changes that not only facilitate the occurrence of tumors in exposed individuals,
but may also be transmitted to offspring. 

Chemical and Dietary Factors

The persistent and widespread environmental contaminant 2-3-7-8 tetrachloro
benzo-p-dioxin (TCDD) is a potent carcinogen with multiple modes of action.
Among these, TCDD promotes carcinogenesis by stabilizing the mRNA of
urokinase plasminogen activator (uPA), a serine protease that contributes to
matrix turnover and the growth of tumor cells. High uPA mRNA concentrations
are found in tumors such as hepatocellular carcinoma but not in healthy tissues;
similarly, survival time is inversely related to uPA mRNA levels. In rat liver
cells, the TCDD-induced stabilization of uPA mRNA is mediated by a 50-kDa
cytoplasmic protein (p50) that binds specifically to sites in the 3’ untranslated
region of uPA mRNA. Based on the finding that p50 is activated rapidly (in 15
min) by dioxin-mediated phosphorylation. it has been suggested that the protein
stabilizes uPA mRNA by protecting nuclease cleavage sites from attack. In
another study, dioxin exposure reduced the half-life of luteinizing hormone
receptor (LH-R) mRNA in rat granulosa cells, which may influence steroidoge-
nesis, luteinization, and ovulation by reducing granulosa cell sensitivity to cir-
culating LH. Therefore dioxin could affect the production or activity of regula-
tory proteins that destabilize LH-R mRNA [41]. Exposure to TCDD is also cor-
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related with an increased number of circulating F(14;18)-positive lymphocytes,
facilitating the occurrence of childhood leukemia and follicular non-Hodgkin’s
lymphoma (NHL). In fact, in follicular NHL, the anti-apoptotic B-cell-
leukemia/lymphoma 2 (bcl2) gene, normally found on chromosome 18, translo-
cates to the immunoglobulin heavy chain locus on chromosome 14. This
F(14;18) translocation places bcl2 under the control of the heavy chain enhancer,
resulting in the gene’s overexpression and, consequently, increased cell survival
and lymphomagenesis. It is well-established that exposure to TCDD, as well to
many other pesticides, including dieldrin, atrazine, and fungicides, can increase
the frequency of the F(14;18) translocation, both in terms of number of people
affected and the number of affected lymphocytes. Interestingly, the transloca-
tion frequency depends on the frequency of pesticide exposure occurs, such that
the risk of NHL increases with the resulting, cumulative genetic instability.
Therefore, variability in environmental exposure, coupled with genetic events
like translocation, alters disease risk [41, 42].

Perhaps even more interesting are animal studies showing that parental diet
and other exposures can influence fetal DNA methylation patterns, with perma-
nent effects on outcome in later life. Moreover, there is evidence that environ-
mentally induced changes in DNA methylation patterns are heritable through
generations [43–46]. DNA methylation occurs in two modes: dynamic methyla-
tion and theoretically permanent methylation, such as X chromosome inactiva-
tion and genomic imprinting. DNA methylation/demethylation reactions switch
genes on or off throughout the life of an organism. The more permanent,
although not necessarily irreversible, methylation patterns are determined during
early embryogenesis and continue to adjust through the neonatal period. For
instance, genes that predispose a person to obesity (and, in turn, related to many
forms of cancer) can be affected by maternal diet. In rats, dietary intake of genis-
tein (the major phytoestrogen in soy) during gestation in mice increased methy-
lation of a retrotransposon (non-codifying portion of genome) located upstream
of a gene, thus reducing its expression (number of copies of the gene). Altered
transcription of this gene determines obesity and tumorigenesis. Since the
degree of DNA methylation is similar in endodermal, mesodermal, and ectoder-
mal tissues, genistein likely acts during early embryonic development. These
observations suggest an active role for retrotransponsons in cancerogenesis, e.g.,
by misregulation of their original developmental role later in life.

Behavioral influences after birth also play a role in somatic cell methylation
patterns as part of the ongoing adjustment to developmental and environmental
factors. Weaver et al. showed that increasing licking and grooming of rat moth-
ers reduced methylation of the glucocorticoid receptor (GR) promoter region in
the hippocampus. Thus, rats that experienced high-quality maternal behavior
exhibited increased GR expression, greater glucocorticoid feedback sensitivity,
and a reduced response to stress later in life. The epigenetic alteration was
noticeable in the first week after birth and persisted during adulthood [43–46].
Finally, during aging, there is a gradual loss or gain of methylation, depending
on the tissue, cell, or organ. The interaction between aberrant methylation and
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age is recognized as a possible early step in carcinogenesis [46]. Gastric cancer
cells often overexpress DNA methyl transferase enzymes, with hypermethyla-
tion of genes relevant to the etiology of gastric cancer, including human mut l
homologue 1 (hHMLH 1) thrombospondin 1 (THBS-1), and e-cadherin. The
methylation of oncogenes or tumor suppressor genes is mediated by dietary
folate intake [45–47]. Folate, which is found in fresh fruit and vegetables, acts
as a methyl donor for methylation. Folate deficiency is associated with hyperme-
thylation of the p16 INK4a (CDKN2A) gene in human head and neck squamous
cell carcinoma and in a rat model of hepatocellular carcinoma. Inheritance of
methylation patterns is of great interest because it provides a mechanism by
which acquired alteration in methylation could be inherited by offspring, as may
be the case in the transgenerational effects of diethylstilbestrol (DES) exposure.
As also observed in mice, the children and grandchildren of humans exposed to
DES in utero exhibit increased rates of uterine sarcomas and adenocarcinomas,
lymphomas, malignant reproductive tract tumors in both males and females. Li
et al. [45] showed that DES exposure alters methylation patterns associated with
the promoters of many estrogen-response genes that control reproductive organ
development in both mice and humans. Ruden et al. [47] recently suggested that
the transgenerational effects of DES are associated with altered DNA methyla-
tion, possibly mediated through modified WNT signaling, i.e., the pathway that
is altered in patients with germline APC mutations. In addition, several genotox-
ic and environmental factors, including cadmium and several pesticides, have
been shown to cause DNA strand breaks or fragmentation.

Bis phenol A (BPA) is a synthetic estrogen that is used as a plasticizer in
polycarbonate plastic, dental sealants, and the lining of food cans. Both BPA and
4-nonylphenol (NP), a derivative of non-ionic surfactants, have been shown to
activate estrogen receptor alpha (ER-A), induce estrogen-dependent gene
expression, and stimulate growth in estrogen-responsive MCF7 breast cancer
cells. Li et al. [45] suggested that increased NF-AT (nuclear factor of activated
T-cells) concentrations in the nucleus up-regulate interleukin-4 transcription,
causing the T-cell allergic response observed with BPA, NP, or octylphenol
exposure. Therefore, the effects of environmental estrogens also include an
increased allergic response.

Air Pollution

Air pollution consists of tiny ambient particles measuring <10–15 micron
(PM10) and arising from dust, smoke, or aerosol liquids produced by vehicles,
factories, or burning wood. Air pollution can include residual oil fly ash
(ROFA), an organic and inorganic mixture of silicates and metal salts containing
vanadium, zinc, iron, and nickel, released during the combustion of low-grade
oil. In vitro studies have shown that exposure to diesel soot and other PM10 par-
ticles activates pro-inflammatory genes in a process mediated by free
radical/oxidative stress mechanisms. These, in turn, induce pro-inflammatory
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transcription factors, such as nuclear factors-κB (NF-κB) and activator protein 1
(AP-1), which promote increased histone acetyl transferase activity, histone
acetylation, release of interleukin-8 (IL-8), a marker of inflammation, and, final-
ly, expression of inflammatory genes. ROFA exposure stimulates a similar cas-
cade of events. Samet et al. [48] showed that the vanadium component of ROFA
can inhibit tyrosine phosphatases, causing phosphorylation of NF-κB and other
proinflammatory transcription factors, including activating transcription factor 2
and c-Jun. Again, this leads to the expression of inflammatory genes, chronic
inflammation, and, in some cases, cancer development. 

Currently, there is great concern regarding traffic-related air pollution.
Gauderman et al. [52] showed that children living or attending school close to
major intersection develop impaired respiratory function during childhood that
persisted for the rest their lives, irrespective of background pollution due to
other sources. Thus, exposure to some, not yet identified pollutants during the
“vulnerability window”, i.e., in the first years (or weeks) of life, when the respi-
ratory system is not yet fully developed, has lifetime adverse consequences.
Moreover, not only fuel-related pollution ( petrol, diesel exhaust, etc), but also
inorganic (transitional metals, such as Fe, Pb, Cr, V, Zn) and organic compounds,
e.g., found in tires or brake linings, are responsible for the adverse health effects
[53, 54]. Consequently, the public and many government and European agencies
have called for more stringent protection measures aimed at reducing both traf-
fic-related and background pollution in metropolitan areas [55].

However, the adverse health effects of air pollution are difficult to dissect
since the atmosphere contains about 18,000 different substances, each of
which is present at very low concentration. Despite the well-known in vitro
toxicity, mutagenicity, and carcinogenicity of many pollutants, documented by
experiments in animal models, it must be stressed that in most of these stud-
ies, the exposure level to each pollutant, e.g., polycyclic aromatic hydrocar-
bons (PAHs) and TCDD, is higher than that occurring under actual conditions,
in which PAHs are present at 10 parts per million (ppm), ozone at ppb (part per
billion), and TCDD at ppt ( part per trillion). Therefore the health damage
caused by a single pollutant, even after long-term exposure, is likely to be very
low. However, individuals are usually co-exposed to a broad range of pollu-
tants that usually exert their dangerous effects by similar mechanisms or path-
ways, mainly involving the generation of reactive oxygen species (ROS). The
effects of co-exposure to multiple pollutants are not only additive but may also
enhance their individual effects. Accordingly, epithelial cell alterations are
greatly enhanced by co-exposure to particulate material (PM), gaseous pollu-
tants such as NOx, SOx, and ozone, and/or biogenic substances such as pollen,
aeroallergens, and bacterial endotoxins. In particular, the various components
of PM seem to have different specific biological effects: PM10 is more effec-
tive into “priming” cells to the subsequent activity of PM2,5, which is more
able to produce DNA adducts, whereas the ultrafine component of PM, PM1,
is responsible for damage to cell and mitochondrial membranes. Chronic expo-
sure of experimental animals to a combination of ozone and nitrogen dioxide
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elicits inflammatory and fibrotic lesions in lung tissues that are greater than
those produced by either toxicant alone. We recently suggested that ozone
exposure has a deleterious added value, as a “sequential co-exposure.” This
means that, in addition to concomitant co-exposure, i.e., the contemporaneous
activity of multiple toxicants, the specific toxicity of a pollutant must be con-
sidered. For example, ozone is particularly abundant during summer months
because it results from the interaction of ultraviolet light (sunlight) with air-
borne volatile organic compounds (VOCs), especially oxides of nitrogen that
are derived primarily from the combustion of fossil fuels. Ozone exposure is
maximum when exposure to other pollutants is “usually lower”, because the
PM concentration is higher in winter. Therefore, ozone could impact the tem-
poral window during which the repair process usually occurs, thus interfering
with tissues repair mechanisms [56]. Indeed, pathological interactions among
pollutants are both complex and unpredictable.

Adaptive Amplification/Mutation

When faced with death, cells adapt both individually and as a population. For
example, in Escherichia coli, starvation of Lac- bacteria on  lactose medium
induces Lac+ revertants. The revertants exhibit either amplification (20- to 100-)
of the lac- allele or a compensatory frame-shift mutation that randomly produces
the lac+ allele. The revertants are apparently produced “de novo” in response to
starvation, because they occur more rapidly and at higher frequencies than
would be predicted by selection alone. This phenomenon is termed “adaptive
amplification/mutation.” E. coli provides empirical evidence for the ability of
cells to enhance their survival in response to environmental pressures through
genomic plasticity and adaptation. A major difficulty that affects cancer therapy
is the progressive development of drug resistance, observed in a subset of
patients. Thus, as in E. coli, tumor cells can respond to treatment by amplifying
and /or mutating genes that promote their survival [41].

Conclusions

The increased life expectancy that has been achieved with dramatic improve-
ments in the diagnosis and treatment of primary tumors has been accompanied
by the occurrence of second or third solid tumors in some cancer patients. These
multiple tumors are apparently not related to germline mutations of tumor sup-
pressor genes.

Increased exposure to traffic-related air pollution in densely populated met-
ropolitan areas and to a wide variety of genotoxic xenobiotics, introduced either
by diet or by inhalation, together with spontaneous mutations related to aging,
are likely responsible not only for the observed incidence of chronic inflamma-
tory diseases but also of malignant tumors. Future research will better elucidate
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the mutual, highly complex relationships between inherited and environmental
factors in the occurrence of malignancies. As stated in Koch’s postulates, mech-
anistic relationships between a given pathogenetic agent and disease must be
established before a causal relationship can be claimed. This task is made more
difficult by the fact that malignant diseases are likely to be multi-factorial.
Moreover, the phenotypic manifestations of the same germline mutation of a
tumor suppressor gene are highly variable, even when patients belong to the
same kindred. This is mainly due to superimposed epigenetic factors, which
could be sex-based or environmentally related. Likewise, health damage from
occupational exposure to known carcinogens, such as PAHs or even asbestos,
greatly varies among individuals with the same exposure level and/or belong-
ing to the same family because of individual susceptibility [50–52]. This
includes not only inherited predisposition due to ethnic or individual differ-
ences in genetic polymorphisms for the genes encoding enzymes involved in
xenobiotic metabolism, but also in “acquired predisposition,” related to the
effects of aging, concomitant chronic or metabolic disease, such as infections,
immunodepression or diabetes, and variable exposure to environmental agents,
beginning from fetal development and/or the first weeks of life. Elucidation of
mechanistic, cause and effect relationships between a single genetic or environ-
mental factor and the final outcome, i.e., a well characterized disease or malig-
nancy, has not only medical significance but also important medicolegal impli-
cations, requiring a thorough understanding and cautious application of the bio-
logical findings.
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Chapter 12

“Sporadic” Colorectal Tumors in Multiple
Primary Malignancies

Concetta Dodaro, Enrico Russo, Giuseppe Spinosa, Luigi Ricciardelli,
Andrea Renda

Introduction

Strategic innovations in the fight against cancer have resulted in improved diag-
nosis of multiple primary malignancies (MPM). In fact, early detection has
translated into an increased reported incidence of MPM, due to the spread of
screening programs and to increasingly sophisticated instrumental diagnostic
surveys. The high sensitivity and specificity of modern diagnostic technologies
are such that second primary malignant neoplasms can be identified in their
early stages, during follow-up for the first primary malignant tumor and even if
the symptomatology is vague or the findings incidental. Also, the combined
approach (with or without a neoadjuvant) to cancer therapy has yielded better
long-term survival. In turn, compared to 30 years ago, more patients are being
diagnosed with a second primary tumor [1–4]. 

In developed countries, colorectal cancer is the most frequent neoplasm of
the digestive system and the second cause of tumor-related death, in males (after
lung tumor) and in females (after breast cancer).

In the USA., the age-adjusted incidence of colon tumor is 48.1 per 100,000
males and 37.8 per 100,000 females, while the annual percent change (APC)
has decreased steadily, being 0.6 for males and –0.7 for females, within 95%
confidence [5].

Every year in Italy, 25,000–30,000 new cases of colorectal carcinoma and
15,000–18,000 deaths are recorded. The overall incidence is of 30–50 new cases
per year for every 100,000 inhabitants, with higher rates in central northern
regions. The disease affects men and women with equal frequency, although rec-
tal tumors have a higher prevalence in the former.

Biologically, the pathology that may lead to colorectal cancer does not have
a high malignant potential, so, if detected at an early stage, correctly diagnosed,
and treated, there is a good probability of long-term survival with complete erad-
ication of the lesion/tumor. Therefore, nowadays, surgical technique combined
with a radical oncological approach yields satisfactory results, in terms of sur-
vival, in the treatment of colorectal adenocarcinoma. Compared to patients treat-
ed radically and with adjuvant therapy for other solid neoplasms; the survival at
5 years is currently about 70% [6–8].

A. Renda (ed.), Multiple Primary Malignancies.
©Springer-Verlag Italia 2009 179



After skin and breast tumors, colorectal carcinoma is “historically” the
malignancy most often associated with MPM. Among the many observed and
reported associations discussed in the literature, only some of the tumors in
these cases can be regarded as distinct clinical entities. Here we review some of
the literature data in literature [9] (Tables 12.1–12.4).

Two classes of patients with colorectal adenocarcinomas are susceptible to
developing MPM: (1) those whose tumors have a hereditary basis (discussed in
another chapter) and (2) those whose tumors are sporadic (or definitely non-
hereditary). It is the latter group that is the subject of this chapter.

C. Dodaro et al.180

Table 12.1 Multiple primary malignancies: frequency by (solid tumor) site (from [9])

Site Number of primary cancers MPM (%)

Lip and oral cavity 1,429 8.2

Esophagus 339 8.2

Thyroid 687 17.0

Lung 1,493 1.7

Colon/rectum 1,441 10.6
Cervix 44,440 5.2

Endometrium 1,192 8.6

Ovary 13,309 11.5

Skin 281 2.7

Prostate 919 8.2

Table 12.2 Multiple primary malignancies: metachronous tumors (from [9])

Index tumors Number of cases Metachronous tumor sites

Lip/oral cavity 4,493 Lung/larynx /esophagus / skin

Lung 42,439 Larynx/stomach

Breast 30,800 Oral cavity/ovary/lung/colon/urinary bladder /uterus/ 
thyroid/bile ducts

Stomach 43,275 Lung/rectum/breast

Colon/rectum 22,153 Lung/uterus/stomach/prostate/ovary/bile ducts

Uterus 22,247 Oral cavity/breast /colon/rectum/urinary bladder/lung

Ovary 20,877 Brain/uterus/lung / urinary bladder /colon

Kidney/ureter/ 13,111 Thyroid
urinary bladder

Prostate 13,014 Stomach/lung /pancreas/urinary bladder

Skin 9,522 Testicle/brain lip/salivary gland/lung /prostate
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Table 12.3 Second primary malignancies following colorectal cancers (SEER data)

Count N Percent

All sites 48,085 15.0
All sites excluding non-melonoma skin 47,950 15.0
All solid tumors 44,497 13.9
Digestive system 19,662 6.1
Colon and rectum 15,562 4.9
Colon excluding rectum 12,592 3.9
Male genital system 7,132 2.2
Prostate 7,058 2.2
Respiratory system 5,924 1.8
Lung, bronchus, trachea, mediastinum, and other respiratory organs 5,565 1.7
Lung and bronchus 5,554 1.7
Breast 3,945 1.2
Female breast 3,904 1.2
Urinary system 3,577 1.1
Rectum, rectosigmoid junction, anus, anal canal, anorectum 3,143 1.0
Rectum and rectosigmoid junction 2,970 0.9
All lymphatic and hematopoietic diseases 2,905 0.9
Sigmoid colon 2,896 0.9
Cecum 2,620 0.8
Urinary bladder 2,241 0.7
Ascending colon 2,075 0.6
Rectum 2,071 0.6
Transverse colon 2,003 0.6
Female genital system 1,908 0.6

N, Number of patients

Table 12.4 Percentage of MPM for different districts based on SEER data

Anatomic site First tumor: number Number of patients Percent
of patients with multiple tumors

Breast 394,033 53,804 13.7

Colon and rectum 320,686 48,085 15.0

Prostate 373,285 42,078 11.3

Urinary system 174,412 33,087 19.0

Lung and bronchus 358,034 19,033 5.3

Corpus and uterus, NOS 89,298 12,803 14.3

Skin excluding basal and 93,090 12,684 13.6
squamous cell carcinomas

Oral cavity 49,783 10,687 21.5

Ovary 48,602 3,807 7.8

Thyroid 39,413 3,503 8.9

Stomach 54,794 2,723 5.0

Esophagus 25,340 1,265 5.0



Personal Experience

During surgical treatment carried out between 1980 and 2005, 121 patients had
MPM (63 M and 58 F) involving a colorectal carcinoma (anus excepted)
(Tables 12.5, 12.6). These patients represented 6.8% of the 1,784 patients with
sporadic colorectal cancers who were hospitalized during the same period. Of
these, 117 patients had two tumors; had two tumors, while a third neoplasm
developed in four patients. In 47 patients, both neoplastic sites were colorec-
tal:15 (32%) synchronous and 32 (68%) metachronous. Patient age at the first
event ranged from 34 to 79 years (Table 12.5). None of these cases met the
Amsterdam criteria nor were any hereditary syndromes detected in this series.
The 15 synchronous neoplasms had the topography shown in Fig. 12.1. Nine of
these tumors occurred in males (60%) and six in females (40%).

The 5-year survival for evaluable cases was of 58%. Of the 32 patients with
metachronous tumors, 15 (47%) were male and 17 (53%) female, with an aver-
age diagnostic interval of 5 years and 9 months (24 maximum, minimum 1
year) and with tumor stage at diagnosis as reported in Table 12.5. The 5-year
survival after diagnosis of the second tumor was 44%.

The second class (62% of 121 patients) of MPM involving colorectal cancer
consisted of patients in whom colorectal carcinoma was part of a multi-tumoral
syndrome. In this group of 74 patients (39 M and 35 F), the colorectal site was
the initial one (index tumor) in 23 patients (31%), whereas in 48 (65%) the col-
orectal site was temporally second, and in three (4%) it was temporally third.
Patient age of onset at diagnosis of the first neoplasm ranged from 29 to 71
years.

A hereditary predisposition was also not evident in this group of patients.
With the exception of the synchronous cases, the average onset interval
between the first and the second tumors (in 70 patients involving two locations)
was 5 years and 8 months (with a maximum of 40 years and a minimum of 1
year). In four patients, the tumors were diagnosed synchronously or simultane-
ously. The tumor stage and the survival after the last neoplastic event are report-
ed in Table 12.6. In Table 12.6 each patient has a single colorectal cancer
(CRC) whose stage is reported in column 10. The tumors associated with col-
orectal cancer are listed in order of frequency in Table 12.7.

Considerations

Our experience is one of case histories experience, rather than statistical or reg-
istry-documented. Therefore, it is limited to the reports of an active general sur-
gery team specifically dedicated to performing colorectal surgery [10-14]. Even
so, there are several useful considerations.

C. Dodaro et al.182
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Impact

The estimated incidence of sporadic colorectal cancer in MPM of 6.8% is too
low. There are two possible reasons for this: (a) a previous neoplasm (skin,
breast, or cervix) escaped anamnesis and (b) patients initially operated on by our
team for colon cancer were later hospitalized for new neoplasms in another
department or institution. Based on SEER data [5], the incidence is 12%, with
34,765 cases observed in 288,974 patients in the years 1973–2004. 

Familiarity

Even though all cases of verified inheritance and of cancer following polyposis
were excluded, we cannot rule out that some patients are carriers of genetic,
germline alterations that result in MPM. Elsewhere in this volume, genetic alter-
ations, unknown and/or at low penetrance, or “de novo” mutations, as the cause
of MPM were discussed. It is possible that, in the near future, many “non-codi-
fied associations” will indeed turn out to have a hereditary genesis. Currently,
the genetic-oncological model is based on Knudson’s two-hit hypothesis”,
which states that a first predisposing germline (oncologically related) mutation
is subsequently acted on by environmental factors, thus resulting in the onset of
one or more tumors. Further experimental studies will no doubt lead to the iden-
tification of new genetic elements [15, 16].

For example research on melanoma in which microsatellite sequences were
examined has yielded interesting results. Microsatellites are highly codifying,
polymorphic, and repetitive DNA sequences that, although widely distributed in
the human genome, are not uniformly dimensioned. Due to their ubiquity, iden-
tification by means of PCR, co-dominant Mendelian heredity, and extreme poly-
morphism, they serve as useful markers, even if their origin and function remain
unclear. Microsatellite instability is demonstrated when the length of the
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Fig. 12.1 Synchronous colorectal tumors in a series of 15 patients: 9 men (60%) 6 women
(40%). Tumor sites: a left colon + rectum (9 patients, 60%; b right colon + left colon/rec-
tum (5 patients, 33%); c right colon + right colon /1 patient, 7%)

a b c
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microsatellite DNA sequence in a tumor differs from that of corresponding
healthy tissue. Instability is determined by genetic tests, using PCR, and appears
as alterations in the length of a particular sequence, as a result of insertions
and/or deletions of a repetitive unit within the microsatellite DNA of the tumor.
Many colorectal carcinomas show microsatellite instabilities, such that their
analysis is an excellent functional and prognostic test. Microsatellite instability
has been reported in sporadic colorectal adenocarcinomas and in hereditary non-
polyposis colorectal cancer (HNPCC). It should also be noted that microsatellite
instability would also be expected in sporadic and familiar breast cancer,
although involving different microsatellites. A study by Catasus (1998) regard-
ing microsatellite instability in endometrial carcinomas, either as the only can-
cer or in association with colorectal cancer in the same patient, found that
microsatellite Bat 26 has an important role in colorectal carcinogenesis [17–21].

Synchronous Tumors

A reasonable percentage of MPMs involve simultaneous associations or multi-
centric neoplasms. In three of the five patients in our series who had the associ-
ation left colon-rectum + right colon tumors, the histological aspect between the
two sites differed, because the carcinomas at the cecal-ascending-colon-hepatic
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Table 12.7 Multiple primary malignancies and colorectal cancer: authors’ experience

Colorectal-cancer-associated tumors N Percent

Uterus 16 20.5

Breast 9 11.5

Lung 6 7.7

Prostate 9 11.5

Stomach 7 8.9

Ovary 5 6.4

Liver 5 6.4

Pancreas 2 2.6

Testicle 2 2.6

Thyroid 2 2.6

Lymphoma 4 5.1

Bladder 3 3.8

Kidney 2 2.6

Leukemia 2 2.6

Astrocytoma-iris 2 2.6

Pleural mesothelioma 1 1.2

Melanoma 1 1.2

Total 78 100



flexure site had mucinous characteristics. One of the remaining two patients had
a left ulcerative colitis (Fig. 12.2). In terms of therapy, intervention has been
modulated on the basis of topography and possible associated pathologies. Of
the nine anterior resection-left hemicolectomy procedures, in one the tumorec-
tomy was aimed at the low rectal site; four patients underwent total colectomies
with ileo-rectal anastomosis; two had right hemicolectomies, in one case associ-
ated with local treatment (endoscopic) of rectosigmoid cancer.

Metachronous Tumors

The topographic distribution is reported in Table 12.3. In the 32 patients with
survival at 5 years after the second neoplasm (66.7%) the tumor was detected
during routine endoscopic follow-up of the first neoplasm. In two patients with
T1 stage tumors, treatment of the metachronous neoplasms consisted of endo-
scopic exeresis; in the remaining patients, we proceeded surgically [22, 23].

Extracolonic Associations

In our experience, colorectal cancer represented the beginning of the MPM syn-
drome (index tumor) in 23 patients (21%) and in three patients was the third neo-
plasm. Associated tumors are reported in order of frequency in Table 12.7. There
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Fig. 12.2 Total colectomy for syn-
chronous colorectal tumors



was a strong association between colorectal cancer and genital tumors, either
male or female (breast, uterus, cervix, prostate, testicle). These tumors account-
ed for >50% of all associated tumors.

Over the long term, the outlook for patients with multi-centric tumors (syn-
chronous and metachronous colorectal tumors) is less encouraging. For MPM
patients with two tumors who were followed for 5 years, successful results were
obtained in 51.6%, practically 10% lower than patients in the previous category
(synchronous and metachronous tumors) although the standard of treatment
(surgical and complementary) did not differ between the two groups.

The Endocrine Correlation

In MPMr, the “endocrine correlation” between the occurrence of tumors of the
male and female genital organs and colorectal cancer has been suggested by data
from several studies[24–26], which highlighted the following: First, the age of
the onset is lower in women, and perhaps related, the subgroup of females with
low childbirth rates are at higher risk. Second, hormone therapy reduces the risk
of colorectal carcinoma. Third, recent immunohistochemical studies demon-
strated alterations in the expression of sex hormone receptors (estrogens and
progestogens) on colonic carcinomatous cells. We examined this finding in our
own series and in literature reports in an attempt to determine whether there was
a preferential association between colorectal adenocarcinoma and malignant
neoplasms of genital organs, assuming that sex hormones also regulate the
growth of colorectal cells. Estrogen receptors (ERs) and progestogen receptors
(PRs) were indeed found on normal colonic tissue and on malignant neoplastic
tissue. Many studies dealing with colorectal hormone receptors have been limit-
ed by the small number of cases; in others, the results have been inconclusive.
Issa (1994) concluded that ER gene promoter regions are not present in colorec-
tal tumors. Slattery (2000), in accordance with other studies, found that of 156
women with colorectal carcinoma, none had ER-positive tumors, and only one
tumor was PR-positive. Neoptolemos (1993), by contrast, detected ERs and PRs
in the malignant colonic mucosal cells and in the corresponding normal tissue.
While ERs seem to be more characteristic of normal colonic mucosa than of car-
cinomatous tissue, their role in the latter might be to regulate PR synthesis.

A therapeutic role for tamoxifen (non-steroidal, anti-estrogenic) is supported
by more certain data, as this drug has been widely used in the management of
breast cancer since the 1960s. In women with breast cancer, adjuvant therapy
with tamoxifen reduces the risk of disease relapse and increases survival.
However, many studies have found that tamoxifen increases the risk of second
malignant tumors in the gastrointestinal tract, especially colorectal tumors. In a
meta-analysis of results of the Stockholm Trial (1995), the Southern Sweden
Trial (1986), and The Danish Group for the Study of Breast Tumors (1998), a net
increase of colorectal carcinomas was found in those patients who had taken
tamoxifen (relative risk 1.9). Jordan (1995) also found a slight increase in col-
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orectal carcinomas in patients treated with anti-estrogens. These results were not
confirmed by the NSABP B-14 study (1985) or the Christie Hospital trial
(1988), and other studies have emphasized that an increased risk of colorectal
cancer following breast cancer is not related to tamoxifen therapy. Therefore, the
link between tamoxifen and colorectal tumor requires further evaluations and,
based on a review of the international scientific literature, the role of hormonal
control of colorectal cells, either normal or neoplastic, is still very uncertain
[27–31].

Conclusions

According to our experience, “sporadic” colorectal tumors are often more fre-
quently associated with other neoplasms. Apart from those cases of certain
hereditary genesis, multi-centric lesions that occur metachronously with col-
orectal tumors are relatively frequent. Regarding extracolonic sites, there
appears to be a preferential association with tumors of the male and female gen-
ital tracts. An analysis of case histories offers etiopathogenic and clinical (fol-
low-up) starting points that, in our opinion, deserve consideration in further
studies.
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Chapter 13

Multiple Primary Malignancies: “Non-codified”
Associations

Alessandro Scotti, Alessandro Borrelli, Gioacchino Tedesco, Francesca Di
Capua, Cristiano Cremone, Michele Giuseppe Iovino, Andrea Renda

Introduction

A retrospective analysis of the most important international statistics on non-
hereditary multiple tumors has demonstrated neoplastic associations (of
unknown pathology) in which the appearance of a neoplasm in a determinate
organ increases the risk of developing a second tumor in a “predefined” organ.
Here we examine the most frequent associations, starting from an “index tumor”
arising in a particular organ, and analyze the site and type of second and third
tumors. The goal is to identify potential new syndromes as yet referred to as “not
codified.” Since colorectal tumors are dealt with in a separate chapter, only those
neoplasms frequently observed by the department of General Surgery are con-
sidered in the following.

Primary Malignancies: Post-esophageal Cancer

In recent years, the survival of patients with esophageal cancer has increased
after esophagectomy. In fact, overall, the survival rate after 5 years is around
50%, according to a survey carried out in Japan that analyzed patients admitted
to specialized centers for the treatment of such neoplasms [1, 2]. Updated imag-
ing techniques have improved the early diagnose of esophageal tumors and the
surgical techniques has evolved such that curative resections are more frequent.
In addition, the use of combined strategies (neoadjuvant chemo or radiotherapy)
has improved the prognosis.

Neoadjuvant chemotherapy increases the rate of R0 resections in patients
with locally advanced neoplasms and in patients with malignancies at unfavor-
able sites, It also reduces the percentage of local or distant relapses and
improves long term survival. Neoadjuvant radiotherapy reduces the neoplastic
mass, controls local neoplastic growth, and reduces the risk of tumor spread
following surgical manipulation [3]. Additional potential benefits from such
methods are the pre-operative elimination of micrometastasis and the down-
staging of lesions.
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However, along with the increase in post-esophagectomy survival, the inci-
dence of a second neoplasm [4, 5] has increased and has become an important
prognostic factor in long term survival.

Statistical Experience

There have been several studies by Japanese authors that retrospectively exam-
ined patients treated for esophageal cancer. Kumagai et al. [6] examined 744
patients who underwent esophagectomy for cancer in the Department of Surgery
of the Tokyo Medical and Dental University School of Medicine, from January
1985 to December 1998. Of these, 154 (20.7%) post-surgical esophageal carci-
noma patients developed a second tumor and 11 (1.5%) a third tumor. Analysis
of the histological type shows 143 squamous cells tumors, three undifferentiat-
ed cancer, two adenosquamous carcinomas, two melanomas and four tumors of
other histologies. The characteristic of the patients with multiple malignant
tumors after esophagectomy are reported in Table 13.1.

According to Kumagai’s statistics, it can be deduced that the second tumor
tends to strike mainly the men (93% of the cases) in the 55- to 70-year-old-age
range, and in 37% of the cases the index tumor is a stage 1 neoplasm.

The site where a second tumor most frequently develops in post-surgical
esophageal carcinoma patients is the head and neck region (42.4% of the cases),
especially the pharynx and larynx (71.4%) followed in importance by the
tongue, the buccal mucosa, and the nasal cavity. The stomach is the second most
frequent site (32%), with gastric tumors usually appearing synchronously with
esophageal carcinoma (70.6%). Other possible sites of a second malignancy are
the colon (synchronous in 66% of the cases), lungs, breasts, urinary system,
liver, gallbladder, prostate, and uterus.
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Table 13.1 Second malignancies after esophagectomy in 154 patients (143 males, 11
females, ages 55–70): results of Kumagai et al. [6]

Stage of the index tumor Multiple primary malignancies

n %

0 1 0.6

1 57 37

2 33 21.4

3 38 24.7

4 25 16.2

n, Number of patients



Natsugoe et al. [7] retrospectively analyzed 652 cases comprising patients
with squamous cell cancers of the esophagus who underwent surgery between
1980 and 1999 at the Kagoshima University Hospital (Table 13.2). In 157 of
these patients (24.1%), a second tumor developed in another organ, 60 (38%)
synchronously and 97 (62%) metachronously. The patients were subdivided into
four different groups according to 5-year periods based on the date of the
esophageal surgery. Analysis of these four groups showed that 21.2% of patients
who underwent surgery for esophageal cancer between 1980 and 1984 devel-
oped a second tumor, 19.4% between 1985 and 1989, 21% between 1990 and
1994, and 33% between 1995 and 1999. The most frequently affected sites of the
second tumor were the head and neck region and the stomach, followed by the
colon, lung, liver, and urinary tract. From a clinicopathological point of view,
these 157 patients who subsequently developed a second tumor initially had a
better prognosis. In fact, at the time of diagnosis, these patients had tumors with
a better TNM and therefore less invasion of the wall, less lymph node invasion,
and fewer distant mestastases.

Regarding long-term survival, of the 60 patients with synchronous multiple
tumors, 11 were alive in December 2004. Of the 49 who died, the cause of death
was the esophageal tumor in 24, the development of other tumors in 11, non-
neoplastic causes, such as lung infection or sudden death, in nine, and related to
surgical causes in five. Of the 97 patients with metachronous multiple tumors,
21 were alive at December 2004 and 76 died. Of the latter, 18 deaths were due
to the esophageal tumor, 32 to neoplasms developed in other organs, 23 to non-
neoplastic causes, and three related to the surgery.

There were no significant statistical differences among patients with only
esophageal cancer and those with primitive multiple tumors with respect to 5-
year survival. Patients with metachronous tumors had a better prognosis than
those with synchronous tumors.
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Table 13.2 Incidence over time of second malignancies after esophageal cancer: results of
Natsugoe et al. [7]

Group Patients Second tumor (%)

1 (1980–1984) 137 29 (21.2)

2 (1985–1989) 165 32 (19.4)

3 (1990–1994) 167 35 (21)

4 (1995–1999) 183 61 (33)



Matsubara et al. [8] analyzed the risk of developing a second malignant neo-
plasm after esophagectomy of squamous cell carcinoma of the thoracic esopha-
gus. Their study population consisted of 753 patients who underwent surgery
between 1985 and 2001 at the Cancer Institute Hospital of Tokyo. All the
patients had a pre-surgical esophagogastroduodenoscopy and a CT scan of the
head and neck and the chest. Curative oncological resection was possible in 679
of these patients; in this group, the risk of developing a second neoplasm was
evaluated. Accordingly, a second tumor was detected in 254 (37%) of the
esophagectomy patients. Most of those second tumors were in the head and neck
region, followed by stomach, lung, residual esophagus, and colon-rectum. Thus,
in the 679 patients who underwent surgery, the risk of developing a second
malignancy in 5 or 10 years was 16 and 35%, respectively, with a net prevalence
in  males. The neoplastic risk for age- and sex-matched Japanese population is 6
and 13%, respectively.

Moreover, the risk of head, neck, stomach, and lung tumors was significant-
ly higher in esophagectomy patients than in the general population.

The authors reviewed other risk factors, such as smoking and alcohol and
found that the risk of a second neoplasm is less in non-smokers and non-con-
sumers of alcohol.

Considerations

Today many patients surgically treated for esophageal cancer have a higher life
expectancy due to progress in prevention, early diagnosis, and improved thera-
peutic options. Recent estimates  of 5-year survival after esophageal cancer are
around the 50%, according to a survey carried out by Japanese centers special-
ized in the treatment of these neoplasms.

Enhanced imaging techniques and new methods of diagnosis (CT-PET) have
facilitated the early, pre-operative diagnosis of other neoplasms and their paral-
lel treatment. An awareness of those patients at risk of developing a second
tumor, the target organs of these tumors have improved screening and follow-up,
with a diagnostic focus of second neoplasms.

Reports in the literature confirm the association between esophageal cancer
and the development of a new neoplasm in another organ. The percentage of
patients who develop a second tumor varies from around 21% (Kumagai) to
above 30% (Matsubara).

The increased prevalence of second tumors in esophageal cancer patients, as
reflected by the most recent statistics, is probably due to improved survival of
esophagectomy patients, who now live long enough to develop a second neo-
plasm. In addition, post-esophagectomy screening of these patients has intensi-
fied, resulting in better detection of a second tumor (e.g., the research of
Natsugoe et al. covering the period 1995–1999). The statistics cited show that
men are more likely to have a second neoplasm and the organs most frequently
involved by second malignant tumors, synchronous and metachronous, after
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esophageal carcinoma are those in the upper aerodigestive tract (head, neck,
stomach, and lungs). Indeed, in >70% of the cases, the second tumor was locat-
ed in the head and neck or stomach, thus implicating the same carcinogenetic
factors as in the esophageal cancer. From an epidemiological point of view, neo-
plasms in the tongue, pharynx, and esophagus are well-known to be associated
with the same environmental carcinogens, tobacco smoking and alcohol. In the
examined population, around 85% of the patients with a tumor in the head and
neck region associated with esophageal cancer were heavy smokers or drinkers.

From the molecular point of view, important genetic differences involving
p53, FHIT, ADH2, and ALDH2, have been observed between patients who
develop esophageal tumors and the healthy population [9]. The frequent correla-
tion of esophageal tumors with tumors in the aerodigestive tract (pharynx, lar-
ynx, tongue, oral cavity, in order of frequency) is based on the presence of squa-
mous epithelium in all of these areas, which is then targeted by the same car-
cinogenetic factors acting through the same mechanisms.

As also noted, the second most likely tumor in post-surgical esophageal can-
cer patients is stomach cancer, in over half of the cases it occurs synchronously.
For this reason, esophageal cancer patients should undergo gastric imaging (CT,
endoscopy) not only to diagnose a possible simultaneous tumor but also because
the stomach is often used to rehabilitate digestive continuity (gastric tubuliza-
tion) but may harbor a synchronous or metachronous tumor that was actually
simultaneous but not diagnosed during surgery; this scenario could worsen the
patient’s prognosis (Table 13.3). 
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Table 13.3 Multiple primary malignancies (MPM) associated with esophageal carcinoma:
summary

Author Post-operative MPM (%) Age Location of 
esophageal cancer 2nd tumor
patients (n)

Kumagai 744 154 (20.7) 55–70 1. Head 
and neck
2. Stomach
3. Colon

Natsugoe 652 157 (24.1); 
60 (38) synchronous,
97 (62) metachronous >55 1. Head 

and neck
2. Stomach
3. Colon

Matsubara 679 254 (37) ≥60 1. Head 
and neck
2. Stomach
3. Lungs 

n, Number of patients



However, gastric tubulization also has a “protective” advantage in avoiding
the development of a second tumor, because with this technique the small gas-
tric curve is eliminated in order to form a tubule that substitutes for the esopha-
gus. It is exactly in this area of the stomach where most gastric metachronous
carcinomas tend to localize; thus, the mucosal area most susceptible to develop-
ing a neoplasm is removed [10]. During post-esophagectomy follow up, the gas-
tric tubule is systematically checked.

As far as prognosis is concerned, there are no important differences in terms
of survival between patients with only the esophageal tumor and patients who
subsequently develop a second tumor, since the latter generally occur in patients
whose esophageal tumor is detected while still at an early stage, a higher possi-
bility of cure and a longer life expectancy. Patients with a first esophageal tumor
of stage III or IV have a worse prognosis, shorter life expectancy, and therefore
a lower probability of developing a second tumor. Similarly, the prognosis of
patients with primitive multiple tumors would be determined mostly by the stage
of the index tumor stage, in this case, esophageal carcinoma.

Primary Malignancies: Post-gastric Cancer

In gastric carcinoma patients, the prevalence of second tumors varies according
to the reported statistics ranges from 2.8 to 6.8% [11]. In Japan Yoshino et al.
reported primitive multiple tumors associated with gastric carcinoma in 2.1% of
the patients with apparent single gastric tumors. While little is known about the
pathogenesis of second tumors in the stomach cancer patients, microsatellite
instability and genetic mutations have been suggested as potential causes.

Statistical Experience

Park et al., from the Department of Surgery of Chonnam National University
Hospital, South Korea [12] carried out a study from January 1986 to December
2000 that consisted of 2,509 patients with gastric carcinoma, 65 of whom (2.6%)
had another primitive malignant associated tumor  (Table 13.4). In this subgroup
of patients, there were 37 men and 28 women, with an average age of 57.6 years.

A comparison of the patients with a second neoplasm with the rest of the
study group showed a clear male prevalence (ratio 2:1) in the latter, while the
difference in the second-neoplasm group were not statistically significant.
Tumor localization was similar in both categories of patients, with neoplasms
more frequently occurring at the third inferior level of the stomach. Poorly dif-
ferentiated tumors were less common in patients who had developed another
primitive tumor than in those in whom disease was limited to a gastric tumor,
whereas tumor stage did not statistically differ between the two groups.

Of the 65 patients who had developed at least one other primitive malignant
neoplasm, in 28 (43%) the second tumor involved the gastrointestinal tract,
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especially the colon (22 cases), distal esophagus (4) and ileum (2). Other loca-
tions were the liver and pancreas (7 patients), uterus (6 patients), breast (5
patients), kidneys, and urinary tract (4 patients). Five-year survival for patients
with gastric tumors only was 51.6% and while for those with a second malignant
tumor rate it was 50.7%, i.e., not significantly different.

Another statistically and epidemiologically interesting study is that of Ikeda
et al. [13], who examined1070 patients diagnosed with early gastric cancer [13]
(Table 13.5). This form of gastric carcinoma seems to have increased among the
Japanese population in the last 20 years and now constitutes 50% of all the stom-
ach tumors diagnosed in Japan. A similar increment has been noted in western
populations despite a progressive decrease in the incidence of advanced gastric
cancer.
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Table 13.4 Site of second malignancies after gastric cancer: results of Park et al. [12]

Number of patients (%) Site of second neoplasm  

22 (33.8) Colon-rectum  

7 (10.8) Hepatobiliary  

6 (9.2) Uterus

5 (7.6) Breast

4(6.2) Esophagus

4 (6.2) Urinary tract

2 (3.1) Small bowel

15 (23.1) Other sites

Table 13.5 Sites and time of occurrence of second malignancies after early gastric cancer
(EGC): results of Ikeda et al. [13]

Site of second tumor n Time of occurrence (post-operative years after gastric 
cancer surgery)

≤5 years (n = 31) ≤10 years (n = 14) >10 years (n = 9)

Lung 17 13 2 2
Colon-rectum 10 7 2 1
Esophagus 6 3 2 1
Breast 5 1 3 1
Residual stomach 5 0 1 4
Liver 4 2 20 0
Pancreas 2 1 1 0
Prostate 2 1 1 0
Other 3 3 0 0

n, Number of patients



In early gastric cancer (EGC), the lesion is confined to the mucosal and sub-
mucosal membrane, in contrast to advanced gastric cancer where the muscularis
propria or even deeper layers are affected. A Japanese classification of EGC sub-
divides it into three principal types; polypoid (type I), superficial (type II), and
excavated (type III). The superficial type is further subdivided in three subtypes
raised (IIa), flat (IIb), and depressed (IIc). Patients with EGC have a high possi-
bility of recovery after adequate resection, with a 5-year survival of around 90%.

The 1,070 patients of Ikeda et al. study were treated at the Department of
Surgery of the National Kyushu Medical Centre from January 1979 to December
2002. Follow-up included hematochemical evaluation, abdominal CT, chest X-
ray, echography, and endoscopy of the gastrointestinal tract every 3 months for
the first year, with subsequent intervals of 6–12 months. Of the 131 patients who
died during follow-up, deaths were caused by a revival of the illness or to the
development of a second tumor while the remaining 72 deaths were due to other
causes. In the study group, a second malignancy was detected in 54 (5%) while
30 (2.8%) suffered a relapse of the first tumor. The second primary tumor was,
in most cases (17 of 54) located in the lung, followed by the colon-rectum (10
cases), esophagus (6), breast and residual stomach (5), liver (4), pancreas, and
prostate (2). In 31 patients the second metachronous tumor appeared within first
5 years of the first surgery, while in nine it developed after 10 years (Table 13.5).
From a clinicopathological point of view, old age and male sex were the factors
most highly associated with the development of a second tumor.

These results have been confirmed in a smaller series (105 patients) in a
study by the Italian group of Bozzetti et al., Gastrointestinal Surgery
Department, National Cancer Institute of Milan [14] (Table 13.6). 

The 105 study patients underwent surgery for EGC from 1973 to 1990, with
a mean follow-up of 71 months, and were evaluated for the possibility of devel-
oping a second multiple malignant tumor. Five-year survival rate was 82% and
there were 10 cases (9.5%) of a second neoplasm: 3 lung tumors, 2 cases of
breast cancer, 2 bladder cancers, 1 esophageal cancer, 1 malignant melanoma,
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Table 13.6 Sites of second malignancies after early gastric cancer: results of Bozzetti  et al.
[14]

Types of tumors N

Breast cancer 2

Lung cancer 3

Bladder cancer 2

Esophageal cancer 1

Malignant melanoma 1

Non-Hodgkin lymphoma 1

N, Number of patients



and 1 non-Hodgkin lymphoma. The neoplasms were synchronous in three
patients (two patients with lung tumors and 1 with an esophageal tumor), in the
remaining 10 patients the tumors were metachronous.

Considerations

The data reported by Park et al. were obtained from a large number of gastric
carcinoma patients (2509). In this population, the percentage of developing a
second tumor was 2.6%, and mostly affected older men. The second tumor was
predominantly located in the gastrointestinal tract (43%), mainly the colon,
thus suggesting a carcinogenetic process similar to that for tumors of the colon.
No statistically significant difference was noted between patients with disease
limited to gastric cancer and patients who later developed a second neoplasm.
The results confirmed those of Japanese authors regarding patients treated sur-
gically for stomach cancer; in this group, the prevalence of a second neoplasm
varied from 2.8 to 6.8%. According to the findings of Yoshino et al. [15], colon
cancer was the neoplasm most highly associated with gastric cancer (26.6%),
followed by cancer of the uterus (11.6%), esophagus (10.1%), breast (8.1%),
and liver (6.8%).

Kim et al. [16] hypothesized that the high susceptibility of the lower gas-
trointestinal tract for developing a second neoplasm may be due to: (1) changes
in the bacterial intestinal flora in response to modified gastric secretions, (2)
overload of this section of the intestine, which can occur after gastrectomy, and
(3) carcinogenetic processes similar to those active in colon cancer.

Several reports have shown that a second malignancy tends to develop in the
initial stage of gastric cancer [17]. In these cases, in which the disease is detect-
ed early and the prognosis is usually good, there is enough time over the
patient’s life for a second tumor to develop, in contrast to the poor survival time
of patients with advanced gastric cancer. While this assertion is not confirmed
by the statistics of Park et al., it is entirely consistent with the findings of Ikeda
et al. and Bozzetti et al. regarding EGC, Both groups reported that the incidence
of second tumors in surgically treated EGC patients is clearly higher than in
those patients with advanced gastric cancer.

Ikeda reported a 5% incidence of a second tumor, based on a series of 1,070
patients, while the Italian series was smaller (105 patients), with a 9.5% inci-
dence of second neoplasms. In both cases, the most frequently affected organ
was the lung: 17 cases out of 54 in the Japanese research, and three cases out of
10 in the Italian study. The second most-often targeted organ was the colon-rec-
tum, 10 cases out of 54 in the Japanese statistics, followed by the esophagus and
breast. In the Italian data, the breast was the second most frequently involved.
All studies found that male sex and age >60 years old were the factors statisti-
cally most often associated with the development of a second neoplasm, while
the tumor site, histological type, vascular and lymph-node involvement did not
seem to influence the development of a second tumor.
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The reasons for this increased susceptibility to the development of a second
neoplasm in EGC patients are not still clear. Some authors [16] have hypothe-
sized that, due to continuous nitrosification of their environment, the bacteria in
the residual stomach form N-nitroso compounds, which subsequently play a car-
cinogenetic role on the target organs. Regardless of the reasons, post-surgical
EGC patients should be carefully followed, with particular attention paid to the
lung, colon-rectum, breast, and esophagus, especially during the first 5 years
after surgery, as this is the period when, according to the statistics reported
above, there is a higher possibility of developing a second tumor (Table 13.7).
Given the favorable prognosis of the EGC, the second neoplasm becomes an
important prognostic factor regarding long-term survival. Moreover, according
to Ikeda et al.’s research, the risk of a second tumor is almost double that of
tumoral recurrence (5% vs. 2.8%).

In patients with advanced gastric cancer, the risk of a second neoplasm is low
enough (2.8–6.8%) that a strict association between the primary stomach tumor
and the risk of second primary neoplasm can be excluded (Table 13.7).

Primary Malignancies: Post-pancreatic Cancer

Overall, patients with pancreatic cancer have an unfavorable outcome, with the
exception of the IPMC (intraductal papillary mucinous carcinoma) form, in
which long-term survival is good. IPMC is characterized by intraductal growth
and intense mucosal secretion into the pancreatic ducts. Histologically, IPMC
consists of different cell types with different characteristics, ranging from ade-
noma to invasive carcinoma. In the following, we analyze the incidence and
characteristics of other (second) tumors in association (simultaneous, synchro-
nous, metachronous) with IPMC [18–20].
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Table 13.7 Multiple primary malignancies (MPM) associated with gastric cancer: summary

Tumor Patients (n) MPM (%) Location (%)

Advanced gastric cancer 2,509 65 (2.6) Colon-rectum (33.8%)
Hepatobiliary (10.8)

Early gastric cancer 1,070 (Ikeda) 54 (5) Lung (17/54)
Colon-rectum (10/54)

105 (Bozzetti) 10 (9.5%) Lung (3/10)
Breast (2/10)

n, Number of patients



Statistical Experience 

From 1980 to 2004, 79 patients with  IPMC, diagnosed by endoscopic retrograde
cholangio-pancreatography (ERCP), were treated at Tokyo Metropolitan
Komagone Hospital. Of the 79 patients in the study population, 79 were male
and 25 female, with a mean age of 68.5 ±9.2 years.

Second malignancies were found, in association with pancreatic  IPMC, in
other sites in 24 (30.3%) patients [21]. The most frequently associated second
tumors were gastric cancer and colorectal cancer, followed by pulmonary and
esophageal cancer. The mean follow-up time was 3.2 ±0.5 years (range 0.2–20);
the mean age was 71.9 ±8.2 years. Interestingly, there were no differences in
terms of sex (Table 13.8).

Considerations

The incidence of a second malignant tumor (simultaneous, synchronous,
metachronous) in association with pancreatic cancer is reported to be 7% [18],
but we found that the incidence was much higher (30.3%). Similar results were
obtained by Yamaguchi et al. [19], who reported an incidence of 27% of second
malignancies in association with  IPMC. Thus, the association between IPMC
and the development of a primary malignant tumor in another site is not rare – a
possibility that must be considered in the diagnostic and staging phases.
Furthermore, during follow-up the probability of a second tumor in the most fre-
quently associated organs must be seriously considered and investigated [21, 22].
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Table 13.8 Tumors associated with intraductal papillary-mucinous carcinoma: results of
Kamisawa [21]

Second tumor (n) Simultaneous/synchronous Metachronous

Gastric (8) 7 1

Colon-rectum (3) 3 0

Esophageal (1) 1 0

Pulmonary (4) 2 2

Pancreatic (3) 2 1

Breast (0) 0 0

Hepatocellular (2) 2 0

Uterine (0) 0 0

Pharyngeal (0) 0 0

Bile duct (1) 1 0

Prostatic (1) 1 0

Laryngeal (1) 0 1



Primary Malignancies: Post-gynecological Cancer

Ovarian cancer is the most important cause of death due to gynecological
tumors. In a Canadian National Tumor Institute study, Dent et al. [23] evaluated
284 women with ovarian cancer: 29 women (11%) had a second tumor, 24 of
which were solid and five hematologic.

Second tumor after ovarian cancer developed in 11 women with stage IA,
two with stage IB, four with stage IIA, ten with stage IIB, and two with stage III
disease. In accordance with previous studies, this analysis showed a relationship
between chemotherapy and development of a second tumor, above all leukemia
and bone marrow tumors. During a 13.5-year follow-up, the higher risk of devel-
oping a second tumor (RR = 1.55) may have been due to genetic factors.

The greater survival after invasive breast cancer is to the result of early diag-
nosis and improved postoperative treatment. However, several studies have
shown that these women have a high incidence of a non- mammary second gyne-
cological tumor.

Escobar of the Cleveland Clinic Foundation (Ohio) [24] studied 4126 women
with ductal carcinoma, infiltrating or in situ; of these 125 (3%) developed a sec-
ond neoplasia. In 63%, the second tumor was detected at stage I TNM stage for
breast cancer; 93 patients (74%) developed a non-gynecological tumor (17 col-
orectal cancers, 18 lung cancers, 8 lymphomas, 11 pancreatic cancers, 5 thyroid
cancer, and 34 other tumors). The 32 gynecological tumors involved the uterus
or endometrium (12), cervix (3), ovaries (14), vagina or vulva (3). Of the 125
cancers, 49 (39%) were synchronous and 76 (61%) metachronous with respect
to the breast cancer; 47 (62%) patients with metachronous cancer had received
adjuvant radiotherapy. 

This study demonstrates 3% of breast cancer patients may develop a second
tumor in the first follow-up year. A second tumor is associated with a higher
mortality, despite successful treatment of the first tumor, and likely occurs for
genetic reasons (BRCA1/BRCA2) or after chemotherapy or radiotherapy.

The low radiation exposure and doses have largely eliminated second tumors
in these patients, and a role for tamoxifen in second-tumor development has not
been established.

Non-radiotherapy-induced second tumors include such as thyroid cancers or
sarcoma. Takeda et al. [25], in a retrospective study of 1,044 women who had a
gynecological tumor, concluded that breast cancer was the most likely second
tumor after endometrial or ovarian cancer. Others studies have shown a relation-
ship between these tumors such that the risk is well-recognized. In the follow-
ing, hereditary BRCA1/BRCA2-related breast and ovarian cancers will not be
discussed; instead, we examine only those neoplasms not related to genetic
anomalies.

Neely underlined the high incidence of ovarian cancer (RR = 1.4) in 49,975
women with breast cancer, and noted a correlation with aging (>60 years),
menopause, familial ovarian cancer, use of birth control pills.

An epidemiological study by Rozen et al. [26] showed that women who
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underwent surgery for breast, uterine, or ovarian cancer had a higher incidence
of colorectal cancers, as determined through a screening program including:
occult stool blood and colonoscopy. The study was carried out on 183 women
with breast, uterine, or ovarian cancer and 252 healthy women. Tumors, neoplas-
tic lesions, and adenomatous polyps were 2.5 more frequent in the cancer group.
In the largest group, those women with a past breast cancer history, the correct
relative risk because of a family history of gastrointestinal cancer was of 3.0 (p
= 0.03). This pilot study confirmed the importance of regular screening of these
patients, especially those with a positive family history for gastrointestinal can-
cer. The American Cancer Society recommends that in asymptomatic women,
over 50 years old a sigmoidoscopy should be carried out every 3 or 5 years after
two negative exams in a single year. 

Molecular-based hypotheses to explain the development of a second tumor
are numerous and controversially discussed. Menopausal women with a previ-
ous gynecological tumor have a higher risk of developing colorectal cancer. This
was demonstrated in a study carried out by Corrao et al. [27] on the risk of tumor
development in menopausal women who had been on hormonal replacement
therapy. This long-term study highlighted that the hormonal replacement thera-
py is associated with a high-risk of breast cancer and a low risk of colorectal
cancer; it instead recommended transdermal therapy as it carries a lower cancer
risk than oral therapies. 

Takano et al. [28] found microsatellite instability (MSI) together with altered
mismatch repair genes (MMR) MLH1, MSH2 and MSH6 in 63 patients with
endometrial sporadic cancers who subsequently developed colorectal and breast
cancer. MMR gene alterations are involved in the carcinogenesis of colorectal
and breast cancers. The presence of MSI in endometrial sporadic cancer may
serve as a predictive risk marker of colorectal cancer.

A study by Werner, reported by the International Federation of Gynecology
and Obstetrics (FIGO) [29], evaluated the risk of developing a second primitive
tumor in 125 women with cervical carcinoma. Patients with stage I and II tumors
treated with oncologically radical procedures and radiotherapy were included.
During the 34-month follow-up metachronous (breast, lung, melanoma, non-
Hodgkin lymphoma, and vulval tumors) as well as synchronous (bladder and
thyroid) tumors were diagnosed. All second tumors were situated in non-irradi-
ated sites. The highest incidence of metachronous tumors were those of the
breast. This led to the conclusion that genetic anomalies are at the basis of a
common etiology to develop a second tumor. Other authors consider that,
beyond radiotherapy, human papillomavirus (HPV) infection and cigarette
smoking are risk factors for the development of a second tumor in women pre-
viously treated for cervical cancer. Chaturvedi [30] noted that in long-term fol-
low-up (40 years average) women who had not been treated with radiotherapy
had the same risk of developing a second tumor as those who had. HPV is con-
sidered the main cause of cervical cancer, but in women already treated for this
cancer viral infection plays an important etiological role in the development of
a second tumor, most often in the vagina, vulva, anus, or the oropharynx.
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Cigarette smoking acts is associated with second tumors of the pharynx, trachea,
bronchi and lung, pancreas, and bladder.

Malignancies of the female genital sphere, while hormonally related, show
very different and variable behaviors. As adjuvant and neo-adjuvant therapy, an
etiological role for radiotherapy has been cited in some studies as the cause of
second tumors, although in other studies conflicting results have been reported.
Long-term follow-up is fundamental and should not be limited to the primary
organ; instead all organs and organ systems have to be examined, with the aim
of diagnosing a second neoplasm as early as possible, as they are the main
cause of death. Most authors agree on the factor (HPV, cigarette etc.) that con-
tributed to the development of the first neoplasm if the risk persists, it may lead
to the development of a second tumor as well, In these cases, monitoring spe-
cific organs can lead to the identification of multiple primary tumors at a sub-
clinical stage.

Conclusions

The data presented here offer strong support for systematic monitoring in
patients at risk for a second tumor. Cost-benefit considerations are such that
post-operative oncological screening must be aimed at those organs most fre-
quently affected by a second malignancy. Several studies have demonstrated that
a patient who developed a sporadic cancer has a 1.3-fold higher risk of develop-
ing a second malignancy compared to someone who has never had a tumor [21].
This suggests a role for molecular as well as many other factors, including the
characteristics of the index tumor.

Moreover, a good prognosis is, at the same time, associated with a higher
probability to develop a second neoplasm, as confirmed by the fact that patients
with esophageal tumors detected at an early TNM stage have a greater likelihood
of a second neoplasia. Similarly, EGC and  IPMC of the pancreas, i.e., malig-
nancies with a relatively good prognosis, are mainly correlated with the devel-
opment of a second tumor. The relationship between better prognosis and the
development of a second neoplasm seems to suggest a “predisposition” in some
patients.

Chronic exposure to non-hereditary risk factors (tobacco smoking, alcohol,
HPV) is not only implicated in the development of the first tumor bur in the sec-
ond as well. In some cases, the latter can present with the same histological char-
acteristics as the index tumor, even if it is located in a distant organ or in anoth-
er body region.

In some cases the same therapies that cure the first tumor contribute or cause
the development of the second one. According to one study [16], gastric resec-
tion, used to cure stomach cancer, can result in anatomical and physiopatholog-
ical modifications that favor the development of colon cancer. It has also been
observed that the use of hormone adjuvant therapies in the treatment of gynecol-
ogical tumors can, in the long term, lead to a second neoplasia in distant organs.
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The “non-codified” syndromes, or “neoplastic associations,” discussed in
this chapter are not genetically transmitted pathologies. Their incidence is rel-
atively low, except in esophageal cancer, in which the risk of second-tumor
development is 20–30%, and EGC, with a second-tumor risk of 5–10%. This
low incidence perhaps explains why general screening programs have not been
implemented. However, since the prognosis of multiple malignancies is signif-
icantly correlated with that of the “index tumor” when the latter has  the same
characteristics, we think it appropriate to orientate follow-up towards those
organs where second malignancies more frequently occur, both at the initial
staging phase, to exclude probable double or synchronous neoplasms, and in a
second, long-term  phase, to promptly identify the beginning of a metachronous
tumor. 
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Chapter 14

Laboratory for Patients at Risk of Multiple
Primary Malignancies

Marcello Caggiano, Angela Mariano, Massimiliano Zuccaro, Sergio Spiezia,
Marco Clemente, Vincenzo Macchia

Introduction

Biomarkers are a useful laboratory diagnostic approach for the non-invasive
early detection of disease and recurrent disease. An ideal tumor marker is a pro-
tein or protein fragment that can be easily detected in the patient’s blood or
urine, but is not detectable in healthy people. The first of such biomarkers to be
used in laboratory testing was carcinoembryonic antigen (CEA), introduced in
1965. Other biomarkers currently in use are CA 19-9 (gastrointestinal tumors),
CA125 (ovarian cancer), Ca 15-3 (breast cancer). However, while the levels are
very low in healthy people they become substantially elevated only when a con-
siderable amount of cancer is present. Moreover, these markers are for the most
part not specific for a single tumor. Women with breast cancer or gynecological
disease may have elevated CEA and CA 125.  Another cancer biomarker, and
perhaps the best known one, is prostate-specific antigen (PSA), which allows for
the early detection of prostate disease. The serum PSA test is used in screening
programs for prostate cancer and has brought about a dramatic increase in early
detection of the disease. Nonetheless, for most cancers biomarkers with high
specificity and sensibility are lacking, which limits our ability to screen the
majority of tumors. PSA, for example, is very sensitive but has low specificity.
It remains the only tumor biomarker certified by the US Food and Drug
Administration for widespread screening, which is carried out along with digital
rectal examination. Technological advances in genomic and proteomics have
produced candidate markers with screening potential. Most biomarkers are used
in follow-up evaluation; these include CA125, which is present in a subset of
ovarian cancers. CA125 is also elevated in endometriosis and some other benign
conditions, CEA is a marker of colon cancer but its specificity and sensitivity are
too low to recommend its use as a screening marker although is measured in fol-
low-up examinations. In addition, CEA levels influence the surgical strategy in
patients who have previously had colorectal resection or neoplasia. 

In multiple primary malignancies (MPM), biomarkers have several advan-
tages as screening too as they reveal the association of the tumors and can aid
the clinician in determining the optimal therapeutic approach, either non-inva-
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sive or invasive (surgical, other). The newest biomarkers are based on gene
arrays and proteomic technologies; others can simply be measured in the urine,
including bladder tumor antigen. Thus, multiple biomarkers and/or signature
protein/gene profiles can be used to identify a particular cancer. Further devel-
opments in identifying protein biomarkers together with progress in genetic and
cytological markers will provide a tool of satisfactory predictive value, thus
overcoming the limitations posed by low sensitivity and specificity. In the fol-
lowing, we describe a rational use of biomarkers in the detection and follow-up
of MPM.

Multiple Endocrine Neoplasia 1

This hereditary syndrome is transmitted in an autosomal dominant manner and
is caused by an inactivating mutation of the MEN 1 gene, which manifests as
primary hyperparathyroidism, islet cell tumors, and pituitary adenomas. Patients
can also present with cutaneous manifestation and other neoplastic manifesta-
tion, including carcinoids, thyroid tumors, adrenal adenomas, lipomas,
pheochromocytomas, and meningiomas. 

Tumoral markers provide an important test for diagnosis and follow-up (gas-
trin, pancreatic peptide, prolactin, IGF-1). The newest, chromogranin is a
polypeptidic group that increases in the blood of patients with endocrine neo-
plasias, including hyperparathyroidism and tumors of pancreatic islet cells.
Neuron-specific enolase (NSE) is increased in pancreatic islet cells tumor. Other
biomarkers expected to aid in the diagnosis of MEN 1 are S-100, 7-B2, neu-
rotensin, and the alpha subunit of human chorionic gonadotrophin (hCG).

Multiple Endocrine Neoplasia 2

This autosomal dominant disease is characterized by the presence of medullary
thyroid carcinoma (MTC), primary hyperparathyroidism, and pheochromocy-
toma. These often clinically occult cancers are difficult to accurately diagnose
and treat, although minimal elevations of plasma calcitonin (CT) can be meas-
ured by a specific immunoassay. Because MTC occurs in nearly 100% of
patients with MEN IIa and MEN IIb and is usually the first abnormality
expressed, diagnosis of these diseases in kindred at risk is accomplished by
screening for the presence of the thyroid tumor. Measurement of the peptide
pentagastrin has proved to be more potent than the standard 4-ho calcium infu-
sion in stimulating CT secretion from MTC cells. Many authors [1] recom-
mend that family members at risk for the development of MTC undergo annu-
al calcium pentagastrin stimulation testing, beginning as early as age 5 and
continuing until age of 40–45. The diagnosis of pheochromocytoma in MEN
IIa and MEN IIb patients can be made biochemically, by measuring urinary
excretion of catecholamine and catecholamine metabolites. Since Ishikawa
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and Hanada demonstrated elevated plasma levels of CEA in patients with
MTC, several investigators have evaluated this glycoprotein as an additional
tumor marker. Basal plasma CEA levels are rarely increased in patients with
early MTC, and they do not increase after calcium or pentagastrin stimulation.
However, in some patients serial measurements of plasma CEA levels may
provide a better index of tumor burden than plasma calcitonin levels. In addi-
tion, measurements of this marker may be useful in following patients with
metastatic disease [1]. 

Lynch Syndrome (Hereditary Non-polyposis Colorectal Cancer)

Lynch syndrome is best understood as a hereditary predisposition to malignan-
cy characterized by an autosomal dominant inheritance, early onset of malignan-
cy with a predilection for the proximal colon, multiple colorectal cancers, the
absence of premonitory lesions (e.g., adenoma) and the occurrence of cancer in
certain extracolonic sites, notably endometrium and ovary. The management of
laboratory values [2] in this pathology includes serum CA 125 levels, an
increase of which has been associated with epithelial ovarian cancer. Elevated
serum CA 125 levels (≥35 units per ml.) were detected in 50–96% of patients
with non-mucinous epithelial ovarian carcinoma confined to the pelvis. CEA,
hCG, and tissue polypeptide antigen (TPA) have also been used to predict dis-
ease extent or presence in patients with epithelial ovarian cancer. Serum levels
of neither CEA nor HCG have any utility as tumor markers in ovarian carcino-
ma, whereas the utility of TPA and serum levels of CA125 in monitoring ovari-
an cancer has been confirmed. The use of monoclonal antibodies directed toward
cancer antigens, such as TAG 72,3 and CA 15-3 in combination, improved sen-
sitivity over that of CA 125 alone.

Von Hippel Lindau Disease

This is an autosomal-dominant inherited familial cancer syndrome caused by
mutations in the VHL tumor suppressor gene. VHL disease is characterized by
marked phenotypic variability but the most common tumors are hemangioblas-
tomas of the retina and central nervous system and clear-cell renal cell carcino-
ma. Endocrine tumors, most commonly pheochromocytoma and non-secretory
pancreatic islet cell cancers, demonstrate marked interfamilial variations in fre-
quency and are significant causes of morbidity and, sometimes, mortality. DNA
polymorphism analysis can identify individuals likely to carry the VHL disease
gene among asymptomatic members of disease families. This technique serves
to focus attention on those individuals who require periodic medical examina-
tion and may help to alleviate the morbidity and mortality associated with this
disease. High urinary concentrations of catecholamines, metanephrine, and plas-
ma chromogranin A are suggestive of pheochromocytoma [3].
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Hereditary Breast-Ovarian Cancer

Early age of onset of breast cancer (often before age 50), a family history of
both breast and ovarian cancer, bilateral cancers (developing in both breasts or
both ovaries, independently), and the development of both breast and ovarian
cancer are typical features of HBOC. Again, there is an autosomal dominant
pattern of inheritance and an increased incidence of tumors of other specific
organs, such as the prostate. Other predisposing factors include: family histo-
ry of male breast cancer and Ashkenazi Jewish ancestry. DNA linkage studies
identified the first gene associated with breast cancer, BRCA1, located on
chromosome 17. Mutations in BRCA1 are transmitted in an autosomal domi-
nant pattern. Both copies of a tumor suppressor gene must be altered or mutat-
ed before a person develops cancer. In HBOC, the first mutation is inherited
from either the mother or the father and is therefore present in all cells of the
body. This is called a germline mutation. Whether a person who has a germline
mutation will develop cancer and where the cancer(s) will develop depends
upon where (which cell type) the second mutation occurs. What causes these
additional mutations to be acquired is unknown, but chemical, physical, or bio-
logical environmental exposures, or chance errors in cell replication have been
suggested. Heterozygous ataxia telangiectasia mutated (ATM) gene mutations
have also been associated with increased risk for breast cancer and potentially
for other cancers as well.

Few data are available on the circadian rhythmicity in cancer patients.
Since monitoring individuals for HBOC usually implies the follow-up of blood
concentrations of a number of biological variables, it would be of value to
examine the circadian variations of serum cortisol and tumor marker antigens.
We carried out a study of 33 cancer patients (13 breast cancer patients and 20
ovarian cancer patients) [4]. The profiles of serum cortisol were documented,
since this hormone is considered to be a strong marker of circadian rhythms.
The results showed that eight out of 13 breast cancer patients and 15 out of 20
ovarian cancer patients had deeply altered cortisol circadian patterns. The
modifications were either high levels over a 24-h period, and/or erratic peaks
and troughs, and/or flattened profiles. Within 24 h, variations of tumor mark-
er antigens as large as 70% were observed but no typical individual circadian
patterns could be identified, neither could a relationship between cortisol sub-
groups and concentration of tumor marker antigens at 8 h be observed. The
question thus arises as to the origin of the cortisol circardian alterations,
whether they are related to a cause or a consequence of the disease, and their
possible influence on therapeutic strategies. 

Serum CA 125 is the most useful marker, as its level is elevated in the
majority of HBOC patients. In one study, serum CA 15-3 levels were elevated
>100 U/ml in 89% of patients. Also important is measurement of serum PSA
because of the risk of these patients to develop prostatic neoplasias.
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Peutz-Jegher Syndrome

Here, hamartomatous polyps of the gastrointestinal tract (stomach, small bowel,
colon) are associated with mucocutaneous pigmentation (lips, oral mucosa, fin-
gers, forearm, toes, umbilical area). Although there is said to be no relation
between this syndrome and the development of cancer, River et al. [5] reported
that is a series of 51 patients, ten (19.6 %) had polyps in which carcinomatous
changes were detected. Thus, all patients with Peutz-Jegher syndrome should be
considered at risk of developing neoplasias and therefore undergo biochemical
screening.

Similarly, there is also a higher incidence of pancreatic cancer in those with
Peutz-Jeghers syndrome. Latchford [6] suggested that screening strategies
should be reviewed. CEA levels and CA 19.9 are the most useful markers.
Although benign polyps may result in slight elevations of serum CEA, a five-
fold increase is consistent with the development of carcinoma. Measurement of
serum CEA levels in a patient who presents with a suspicious polypoid lesion is
recommended by some clinicians. If an elevated level is confirmed on repeat
assay, the patient should undergo thorough imaging evaluation. A new method is
the use of radiolabeled antibody to CEA and external scintigraphy to detect the
exact location and extent of the tumor. In some reports, radioimmunolocalization
appears promising, and labeled monoclonal antibodies to tumor antigens are
being developed to image and treat these tumors. In one study, systemic pre-
operative imaging of patients with In-labeled anti-CEA monoclonal antibody
detected 69% of primary tumors [6].

MPM: “Not Codified” Syndromes

Improvements in cancer therapy and early diagnosis have allowed many patients
with a first tumor to have a normal life expectancy. However, some of these
patients will develop a second primary neoplasia. Therapeutic success in treat-
ing the second tumor clearly depends on its early diagnosis.

Esophageal Tumors

Patients who have had an esophageal tumor seem to be an increased risk of
developing a second primary neoplasia in the head and neck (42.4%, of which
71.4% occur in the respiratory tract), stomach (32%), lung, and colon. To date,
there are no biomarkers that allow the detection of either upper respiratory tract
or epidermal tumors. The use of serum M2-pyruvate kinase for the detection of
early gastric cancer remains unclear. The detection of lung neoplasia by measur-
ing biomarkers in sputa, serum, and exhaled breath is being explored, as is the
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measurements of cytokines, CYFRA 21-1, ProGRP, and circulating cell free
DNA. Only NSE and chromogranin A have been confirmed for the early detec-
tion and diagnosis of neuroendocrine lung neoplasias. Elevated CEA levels may
also be indicative, as for neoplasias of the gastrointestinal tract. Despite their
low sensitivity, the concentration of biomarkers should be measured every 3
months, especially in male, elderly patients, smokers, and those with a history
of alcohol abuse. In these patients these tests should be carried out in associa-
tion with follow-up imaging procedures.

Gastric Tumors

Although the degree of association between gastric tumors and other neoplasias
varies in literature reports, a relationship has been established. For example, one
study found a 26% increase in colorectal tumors, a 10% increase in esophageal
tumors, 8% for breast cancer, and 6% for tumors of involving the live. Other
associations are pancreatic cancer and subsequent prostate cancer (1%), and
endometrial cancer (6–11%), and lung  and urinary tract tumors (8 and 3%,
respectively) [7]. The 5-year survival of these patients with a second primary
tumor is high and is the same as in those patients with only one gastric neopla-
sia. This is due to frequent follow-up with gastroscopy and CT scan. Laboratory
diagnosis has only a marginal role, and the measurement of colorectal cancer
markers is not widespread because of their low specificity. Instead, given the
high number of gastrointestinal neoplasias, serum CEA levels, especially in
male patients with gastric neoplasia in the distal part of the stomach, should be
assayed every 6 months.

Colorectal Cancer

Colorectal cancer is the third most common neoplasia in industrial countries. The
development of a new primary colorectal neoplasia is strongly associated with a
previous tumor of the colon, prostate cancer, and ovarian cancer (endocrinologi-
cally based). Currently, screening for colon cancer by fecal occult blood testing
still misses many early cases, up to almost 85%. Therefore, research is being
directed at the identification of genetic markers or peptides that accurately detect
colorectal cancer [8–11]. Among these, microsatellite instability, which results in
mutations in DNA mismatch repair genes (such as MLH1, MSH6 or MSH6) is
associated with the prognosis of colorectal cancer. However, like other markers
of colorectal cancer marker, the specificity of microsatellite instability is low
such that it is not widely used.  Moreover, screening for colon cancer is notorious
for its poor compliance even though measurement of serum CEA is a milestone
in the post-operative follow-up of colorectal cancer patients [12]. 

In screening for prostate cancer, PSA does not predict disease outcome in
newly diagnosed patients and cannot by itself determine the course of treatment
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[13]. Recent interest in the author’s laboratory and by other researchers has
focused on identifying biomarkers that distinguish tumors with the capacity to
metastasize, such as thymosin beta-15, which is elevated in metastatic prostate
cancer and in combination with PSA can predict the recurrence of prostate can-
cer with more sensitivity and specificity than PSA alone. Other useful biomark-
ers are CA 125, which has been tested as a diagnostic and prognostic marker in
ovarian cancer but its use is limited by its low specificity and low selectivity. The
overexpression of cyclin D1 is related to a more aggressive tumor phenotype and
poor prognosis. While expression is not limited to ovarian cancer, it is advisable
to measure CD1 serum levels in patients at risk. Serum concentrations of C-ter-
minal telopeptide of type I collagen (ICTP) and tumor-associated trypsin
inhibitor have also been measured with respect to the use of these proteins as
biomarkers. More advanced techniques have been applied to compare serum
protein profiles in different stages of ovarian cancer. Despite the intense efforts
carried out thus far, there is still no reliable biomarker strategy that allows
improved early detection of this disease. In a follow-up post treatment program
for colorectal patients, the only helpful measurements are those of serum PSA
or CA 125, together with CEA levels in a standard follow-up program.

Sporadic Breast and Ovarian Cancer

The “non-codified” association between breast and ovarian cancer has long been
well known. The occurrence of both neoplasias is thought to have a common
endocrinological etiology. Several recent studies have identified proteins that
contribute to the detection of breast cancer, such as familial BRCA1 and BRCA2
mutations. A sensitive assay to identify biomarkers that can accurately diagnose
the onset of breast cancer using non-invasively collected clinical specimens
would be ideal for the early detection of this disease. The earlier and more accu-
rately the diagnostic biomarker can predict disease onset, the more valuable it
becomes. Other potential biomarkers include osteopontin, which is a transfor-
mation-associated protein. High levels of osteopontin have been detected in
patients with cancers of the prostate, breast, and lung. Expression of the HER 2
oncogene in tissue or serum is the most commonly used predictive biomarkers
in breast cancer and is significantly related to positive lymph nodes, poor
nuclear grade, lack of steroid receptors, and high proliferative activity. CA 125
has been tested as a diagnostic and prognostic marker in ovarian cancer, but it
has several limitations including low specificity and low selectivity [14].
Increases in ICTP and tumor-associated trypsin inhibitor have also been studied
for their diagnostic and prognostic value. In the future, autoantibodies and
abnormal tumor-specific DNA methylation found in cell-free plasma DNA may
provide the best opportunity for constructing multiplexed and highly redundant
tests that are specific and sensitive enough to be used for early detection of
breast cancer [15, 16]. Technologies developed for breast cancer detection will
no doubt be useful for other types of cancer [17] (Table 14.1).
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Technology: Present and Future

Recent advances in genomic and proteomic technologies, including gene array,
serial analysis of gene expression (SAGE), and improved 2D PAGE and new
mass spectrometric techniques, coupled with bioinformatics tools offer great
promise in meeting the demand for new biomarkers that are both sensitive and
specific [18]. Genomic approaches have involved the genes encoding ki 6 and
prothymosin alpha, which have been previous been identified as prognostic
markers of breast cancer. To date, the most significant biomarkers that have
emerged from microarray analysis include estrogen/progesterone receptor pro-
tein expression, HER 2 alterations, 17 q23 genomic amplifications, and
cyclooxygenase-2 protein expression, all of which are suggestive of breast can-
cer; insulin like growth factor (IGF)-binding protein 2 protein as a marker of
prostate cancer; vimentin expression for kidney cancer; and myc na A1 B1
expression for hepatocellular carcinoma. Proteomic approaches aid in the dis-
covery of new biomarkers discovery [19, 20]. The major limitation of 2D PAGE
technology is its inability to detect low-abundance proteins and the difficulty of
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Table 14.1 Markers useful in clinical practice

Index tumor Association Available markers Level of information

Esophageal Gastric CEA +/–

Gastric Lung NSE +/–
Chromogranin A +/–

Gastric M2 PK Unknown
Gastrointestinal M2 PK +

Breast Breast BRCA study ++
Ovarian CA 125 +++
Gastrointestinal CEA +

Ovarian Gynecological CA 125 +++
Breast Osteopontin +/–
Gastrointestinal CEA +

Colon Gastrointestinal (colon) CEA ++
Prostate PSA ++
Pancreas CA 19-9 +/–

Prostate Prostate PSA +++
GI CEA +
Lung NSE +/–



its application to high -throughput assays. Mass spectrometry can be used to
quantify the difference in expression of individual proteins under two different
conditions, by calculating the ratio of intensities of corresponding peaks con-
taining heavy and light amino acids [21]. This technology has been effectively
used in the validation of serum prostate-specific membrane antigen. A proteom-
ic pattern that distinguished different stages of ovarian cancer was identified by
this technology. However, problems regarding reproducibility and reduced sen-
sitivity for high molecular weight proteins remain. Immunochemistry is a vali-
dated approach but it depends on biopsy samples that are collected using inva-
sive techniques and it misses adjacent, potentially more aggressive tumor cell
populations. Enzyme-linked immunoassorbent assay is widely accepted as a
clinical tool and is very sensitive. Chip technology has led to a surge in the
development of protein-based chips. Glass or plastic chips can be printed with
an array of molecules, such as antibodies, that can capture proteins. Ideally, a
protein chip containing a panel of antibodies would be able to predict a cancer
state by a simple serum or urine test.

The success of any new method depends on it being simple, inexpensive,
robust, and reliable. The future of cancer prognosis may rely on a small panel of
six to ten markers that allow accurate molecular to indicate the likelihood of
metastatic involvement, new neoplasias, and optimal treatment (rapid systemic
therapy/surgery). High-throughput technology platforms will support microar-
ray chip technology as well as 2D gel and mass spectrometry; however, they are
not easily applicable to the clinical setting and require well-equipped laborato-
ries and well-trained personnel [21, 22]. Simple, rapid, and sensitive microarray-
based protein chip, label-free detection systems and antibody-based protein chip
systems will advance the discovery of biomarkers and bring their use into clini-
cal practice. We are approaching a time when the use of proper biomarkers will
help detect cancer, monitor and manage progression of the disease, and improve
its treatment. 
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Chapter 15

Multiple Primary Malignancies: Role of
Advanced Endoscopy To Identify Synchronous
and Metachronous Tumors of the Digestive
Tract

Giuseppe Galloro, Luca Magno, Giorgio Diamantis, Antonio Pastore, Simona
Ruggiero, Salvatore Gargiulo, Marcello Caggiano

Introduction

The development of new endoscopy systems represents a significant advance in
the diagnosis of tumors. The prognosis for patients is strictly dependent on the
early detection of malignant lesions, because early lesions of the digestive tract
can be removed endoscopically by several techniques (e.g., polypectomy, endo-
scopic mucosal resection, submucosal endoscopic dissection).

Within the limits of multiple primitive malignancies (MPM), there are sever-
al associations involving gastrointestinal tumors, both synchronous and
metachronous (esophagus-stomach, stomach-colon, colon-colon etc). Advanced
endoscopy is the method of choice for the early diagnosis, treatment, and follow-
up of these tumor associations, and complete cure is possible in many cases. It
is important to detect not only the more common polypoid type of malignant
lesions associated with a primary tumor but also flat and depressed neoplasias.
Nowadays, endoscopy can be performed with new and powerful endoscopes
whose optic features provide an improved resolution that reveals a wealth of sur-
face detail.

Chromoendoscopy

Chromoendoscopy is an endoscopic examination involving the use of dyes [1].
Information that cannot be obtained or a structure that is poorly visualized by
conventional endoscopy is well-defined by the addition of a dye, resulting in
accurate lesion detection and precise qualitative diagnosis. The technique allows
the detection of small non-polypoid lesions (as defined by the Paris classifica-
tion [2]), which are very often missed by standard endoscopy, and confirms both
the surface structure and the nature of the lesion’s edges in detail point of view,
about . 

For many years, the Eastern and Western endoscopic and histologic classifi-
cations of early digestive tumors have diverged greatly. Many endoscopists, par-
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ticularly those in the West, considered the Japanese classification, with its
numerous divisions for the esophagus, stomach, and colon, to be too complex for
practical use. Western endoscopists tend to base treatment decisions largely on
the size and location of the tumor and on the histology of biopsy specimens. By
contrast, Japanese endoscopists have found that the endoscopic classification of
a lesion can be an important determinant of when endoscopic therapy is needed.

Another source of differences regarding the value of endoscopic classifica-
tion of superficial neoplastic lesions arises from East/West differences in the
pathological classification of intramucosal neoplasias. The recent Vienna classi-
fication [4] has, to some extent, resolved this conflict in its use of the terminol-
ogy of dysplasia, adenoma, early cancer, and advanced cancer. Following the
consensus reached in Vienna, an international group of endoscopists, surgeons,
and pathologists gathered in Paris for an intensive workshop designed to explore
the utility and clinical relevance of the Japanese endoscopic classification of
superficial neoplastic lesions of the gastrointestinal tract. The result of the Paris
symposium was the complete convergence of western and eastern views and thus
a new common international classification of digestive superficial neoplastic
lesions (extremely close to the Japanese one), as shown in  Fig. 15.1. According
to the Paris classification, there are three major types of superficial neoplastic
lesions of the digestive tract as well as several subtypes (Table 15.1).

To improve the quality of diagnosis, the primary step is to identify the pres-
ence of an area of the mucosa that is slightly discolored (paler or redder), an
irregular microvascular network, or a slight elevation or depression. The second

G. Galloro et al.222

Fig 15.1 Schematic representation of the Paris classification: 0 I protruded or polypoid (Ip
and Is), 0 II non-polypoid (II a, IIb, and II c), 0 III non-polypoid and excavated (III)



diagnostic step is based on the use of chromoendoscopy to obtain a meticulous
description of the lesion. This method is generally performed using one of the
following three dyes.

Indigo Carmine 

In the so-called contrast method, the sprayed dye accumulates in concave areas
and thus demonstrates unevenness. Usually, 0.1–1% indigo carmine solution is
employed. Even lesions with apparently flat surfaces are often minimally
depressed and/or elevated. All such depressed lesions should be noted (Fig.
15.2). Another purpose of the contrast method using indigo carmine is to make
innominate grooves distinct. The absence of these grooves in flat or depressed
lesions is helpful in differentiating neoplastic from non-neoplastic lesions.

15  MPM: Role of Advanced Endoscopy To Identify Tumors of the Digestive Tract 223

Table 1. Paris classification of superficial neoplastic lesions of the digestive tract 

Type 0 I protruded or polypoid 01 p (pedunculated)
01 s (sessile)

Type 0 II or non-polypoid 02 a (superficial, elevated)
02 b (flat)
02 c (superficial, depressed)

Type 0 III or excavated

Fig. 15.2 Indigo carmine stain



Methylene Blue

Methylene blue solution (0.5–1%) is taken up and therefore stains the epitheli-
um whereas glandular orifices (pits) are not stained. This feature is used togeth-
er with magnification to distinguish these different structures.

Cresyl Violet

The lesion is completely washed with water, cleared of adhering mucus, and
then sprayed with 0.2–0.4% cresyl violet solution to stain the glandular pits.
This technique is used when the pit pattern is examined with magnifying endo-
scopes (Fig. 15.3).

Magnifying Endoscopy

A histologic diagnosis, including the depth of the lesion, is predicted on the
basis of endoscopically obtained data regarding macroscopic morphology, size,
color, surface characteristics, evenness, and severity of the mucosal depression.
The diagnosis may be followed by biopsy, strip biopsy, polypectomy, surgery, or
follow-up observation. To be considered reliable, the endoscopic diagnosis
should agree with the histologic diagnosis. The goal of magnifying endoscopy is
an accurate qualitative diagnosis based on a study of the pit pattern, i.e., the
superficial orifices of the glandular crypts on the digestive mucosal surface [5,
6]. This is achieved by stereomicroscopic analysis of the pit pattern of a large
number of digestive-tract lesions.

Magnifying endoscopic observation consists of three steps: (1) differentia-
tion between neoplastic and non-neoplastic lesions; (2) differentiation between
adenomas and cancers, including submucosal cancers; and (3) confirmation of
the presence or absence of residual tumor after endoscopic treatment.
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Fig. 15.3 Cresyl violet stain



In the esophagus, we use the Endo [7] classification (Fig. 15.4), with the pit
patterns described in Table 15.2.

In the stomach, there are many classifications with no convergence of the
endoscopic picture. For this reason, in the study of early non-protruding neo-
plastic lesions, some authors follow a classification based on the microvascular
rather than the pit pattern. This classification, proposed by Yao [8], describes the
following endoscopic pictures (Table 15.3).

An irregular microvascular pattern visible by magnified endoscopy can be a
very useful marker for differentiating between gastritis and carcinoma.

In the colon-rectum, we use the Kudo [9] classification (Fig. 15.5), which
describes the pit patterns listed in Table 15.4.

Based on these classification systems, clinicians can now establish more
objectively than ever an endoscopic qualitative diagnosis of early gastrointesti-
nal  lesions.
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Table 15.2 Endo classification of esophageal pit patterns (adapted from [7])

Type I Rounded, regular, and small pits of relatively uniform size and shape
Type II Long straight lines, of relatively uniform size and shape
Type III Long oval and curved pits, larger than those of type I
Type IV Tubular pits, complicated and twisted in a branched or gyrus-like structure
Type V Villous pits with flat, finger-like projections

Fig. 15.4 Endo classification of
esophageal pit pattern
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Table 15.3 Microvascular classification of gastric lesions

Normal mucosa with normal vascular submucosal pattern, regular and homogeneous distri-
bution of submucosal vessels

Loss of the normal subepithelial capillary network pattern

Proliferation of microvessels that are irregular in both shape and distribution (irregular
microvascular pattern)

Fig. 15.5 Kudo classification of colorec-
tal pit pattern

Table 4. Kudo classification of pit patterns in the colon-rectum (adapted from [4])

Type I Normal, rounded, and regular pits 0.02 ± 0.07 mm in size. This is the typical pit
of normal mucosa. Shape and size can vary from site to site

Type II Relatively large pits with a star-like shape 0.02 ± 0.09 mm in size. This is the
basic pit pattern of hyperplastic mucosa

Type III s Tubular or rounded pits that are smaller than normal (0.01 ± 0.03 mm). This is
the typical pit pattern of depressed tumors

Type III l Tubular or rounded pits that are larger than normal (0.03 ± 0.09 mm). This is the
typical pit pattern of protruded adenomas

Type IV Sulcus, branched, or gyrus-like pattern. The pits are 0.2 ± 0.7 mm in size

Type V Irregular or non-structured surface. This is the basic pattern of submucosal and
invasive cancer



Computed Virtual Chromoendoscopy

In this technique, the defined mucosal surface and submucosal capillary vessels
are visualized by adjusting the spectroscopic characteristics of the video-endoscop-
ic system using a frame-sequential projection method [10]. Two different types
of computed virtual chromoendoscopy systems are available nowaday: the narrow-
band imaging system (NBI), developed by the Olympus Medical Systems, and Fu-
ji intelligent color enhancement (FICE), developed by Fujinon Corporation

Video endoscope imaging requires several steps that are based on the frame-
sequential image pickup method. Briefly, the light source unit consists of a
xenon lamp and a rotation disk with three optical filters. The rotation disk and
the monochrome charge-coupled device are synchronized and sequentially gen-
erate images [10] in three optical filter bands. By use of all three band images,
a single color endoscopic image is synthesized by the video processor. The final
image on the monitor is therefore heavily dependent on the spectral features of
the optical filters.

In NBI, the three optical filters provide red-blue-green sequential illumina-
tion and narrow the bandwidth of the spectral transmittance. The central wave-
lengths of the three filters are 500, 445, and 415 nm, and each has a bandwidth
of 30 nm. These properties of NBI provide limited penetration of light to the
mucosal surface and enhanced visualization of the capillary vessels and their
fine structure on the surface layer. It was reported that magnifying endoscopic
observation of the microvascular architecture of superficial esophageal carcino-
ma is useful in determining the depth of invasion.

The intrapapillary capillary loops in the normal esophageal mucosa are seen
with magnifying endoscopy. In cancerous lesions, computed virtual chromoen-
doscopy revealed characteristic changes of the intrapapillary capillary loops in
the superficial mucosa according to the depth of tumor invasion [11]. Similarly,
qualitative diagnosis of a colorectal tumor with a type V pit pattern was obtained
using the features of the capillaries, including the vessel diameters, irregularity,
and capillary network.

In FICE, the contrast of the mucosal surface is enhanced without the use of
dyes. This technology was invented by Yoichi Miyake (Faculty of Engineering,
Chiba University, Japan) and introduced by Fujinon. Like NBI, FICE technolo-
gy is based on the selection of spectral transmittance with a dedicated wave-
length. In contrast to NBI, in which the bandwidth of the spectral transmittance
is narrowed by optical filters [11], FICE imaging is based on a new spectral esti-
mation technique that obviates the need for optical filters. Instead, an ordinary
endoscopic image captured by a video endoscope is sent to a spectral estimation
matrix processing circuit in the EPX-4400 digital processor, which estimates the
various pixilated spectra of the image. Since the spectra of the pixels are known,
imaging can be implemented using a single wavelength. Such single-wavelenght
images are randomly selected, and assigned to red, green and blue respectively
to build and display a CVC-enhanced color image (Figs. 15.6, 15.7). The digital
processing system is able to immediately switch between an ordinary image and
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a FICE image by the simple push of a button on the endoscope. It is also possi-
ble to select the most suitable wavelengths for examination because of the sys-
tem’s variable setting functions (with up to six settings).

The purpose of introducing optical electronics into video endoscopes is to
improve the accuracy of diagnosis through image processing and digital technol-
ogy. We have described the FICE system here, which involves the use of spec-
tral estimation technology to visualize the target in narrowed red, green, and
blue bands of the spectrum. Preliminary clinical tests suggest that the properties
of FICE are not only of theoretical value but can make a real difference in the
clinical setting [12]. Compared with the conventional system narrowing the
bandwidth and cutting off the longer wavelengths via FICE improves the con-
trast of capillary patterns and the boundary between different types of tissue,
which could improve the diagnosis of early neoplasia. The endoscopists can
decide which is the area of interest and can remove the lesion in a targeted fash-
ion without  prior biopsy [12].
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Fig. 15.6 Computed virtual chromoendoscopy: FICE system

Fig. 15.7 Computed virtual
chromoendoscopy: FICE sys-
tem



Confocal Laser Endoscopy

The closest step toward virtual histology is confocal laser endoscopy. Blue light
excitation is used and the fluorescence light from endogenous or exogenous flu-
orophores as well as reflected light from distinct tissues is used to perform
images of the colonic mucosa. Moreover, the images can enlarged 1000-fold,
thus revealing cellular structures as well [13]. A future trend might be immune-
related confocal laser endoscopy, in which specific tumor-related antibodies are
coupled with fluorescent dyes and used to label neoplastic areas. This concept
may be extended to enhance the contrast between tumor and normal tissue in
endoscopic imaging in order to unmask synchronous malignant lesions. Thus,
endoscopy is no longer boring routine, it develops into a complex and exciting
field of clinical research with new visible details to be discovered [13].

Conclusions

These data show the big potential of advanced endoscopic techniques as a stag-
ing tool in the management of patients with suspected digestive dysplasia or
early cancer. This kind of endoscopy increases the detection rate of diminutive
or flat lesions in digestive tract and enhances the diagnosis and characterization
of some mucosal lesions. 

For all these reasons, its role in routine surveillance of patients with previ-
oulsy diagnosed primary malignancies (expecially in digestive tract) is very
important and remains pivotal for reliably and accuracy.
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Chapter 16

Diagnostic Imaging Techniques for Synchronous
Multiple Tumors 

Vincenzo Tammaro, Sergio Spiezia, Salvatore D’Angelo, Simone Maurea,
Giovanna Ciolli, Marco Salvatore

Introduction

According to the literature, 1.2–3.5% of cancer patients are unexpectedly affect-
ed by a new synchronous neoplasia (multiple primary malignancies, MPM),
detected during a diagnostic or therapeutic phase. In fact, patients already suc-
cessfully treated for a neoplasia have at least a two-fold possibility of developing
a further cancer compared to an age-matched individual never been affected by a
neoplastic disease [1]. Over the last several years, world-wide scientific research
has been conducted aimed at understanding the cause of this increased risk.

The results of this research have shown that the so-called index tumor, with
which the other tumors are often associated, are commonly located in the lungs,
esophagus, head and neck, genital-urinary tract, gastrointestinal system and the
skin [2]. Furthermore, the new tumor usually affects anatomically unfavorable
tissues, such as those of the pancreas. It is therefore evident that an early diag-
nosis of these lesions is very important. To this end, diagnosis or staging will
inevitably require the use of one or several imaging methods.

At present, imaging methods normally used in early diagnoses produce mor-
phological data, which are very accurate but are nonetheless limited with respect
to the location and analysis of neoplastic lesions. They are therefore not appro-
priate for accurate staging, especially when there are multiple and independent
lesions. Moreover, while standard cancer screening and staging programs exist
for every organ, this is not true for the assessment of MPM. Therefore, the aim
of this chapter is to analyze the options for detecting the occurrence of synchro-
nous neoplasias and to distinguish such tumors from metastases.

Organ-related Imaging

To identify synchronous lesions in relationship to an index tumor, it is first nec-
essary to understand the uses and limitations of the main imaging methods.

Pulmonary neoplasias and, in general, those of the breathing apparatus, are
analyzed primarily by chest X-ray and bronchoscopy. According to a 2002 sur-
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vey conducted by Wax [3] with the aim of discovering potential synchronous
lesions, traditional chest X-ray has an accuracy of 70%, the accuracy of comput-
ed tomography (CT) of the chest is 90% but that of bronchoscopy only 50%.
Positron emission tomography (PET)-CT has 100% sensitivity, with a predictive
value of 80%. We can therefore deduce that PET-CT will identify pulmonary
lesions linked to neoplasia in nearly every case [3]. This is confirmed by our
experience, in which PET-CT allowed us to identify pulmonary lesions in
patients undergoing examination for other tumors (Fig. 16.1).

When the index tumor is localized to the upper digestive system (esophagus
and stomach), the current medical guidelines prescribe endoscope examinations
and CT to identify the stage. The first examination for liver and pancreas is ultra-
sonography (with or without contrast medium) followed by CT and/or nuclear
magnetic resonance (NMR). Endoscopic retrograde cholangio-pancreatography
(ERCP) is used for bile duct lesions. Correct tumor staging always requires that
these procedures are integrated with diagnostic total-body imaging techniques.

Lesions of the colon and rectum are evaluated by a quite different approach.
Computed tomography colonography (CTC) is currently used alongside tradi-
tional colonoscopy, which still offers not only the advantage of direct observa-
tion of suspected lesions but also their possible histological classification, with
subsequent confirmation by biopsy. CTC is not an invasive technique, nor does
it require any sedation. It is considered safe as the percentage of iatrogenic
lesions is low (0.04% colon perforation) [4]. Its limitations are the same as those
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Fig. 16.1 PET-CT: hepatic lesion associated to a pulmonary index tumor



of the other imaging methods, i.e., the possibility of a false-positive result (e.g.,
traces of stool erroneously considered to be polyps) and, obviously, the impos-
sibility of obtaining a biopsy or removing identified polyps [5]. For this reason,
CTC is used especially in patients with an incomplete colonoscopy because it is
not meant to replace conventional optic-tube colonoscopy, but rather to provide
an alternative when a traditional colonoscopy is not possible. It is worth noting
that the literature data show that CTC allows the identification of additional
lesions, including MPM (Table 16.1). 

An epidemiological review carried out by Xiong [6] compared 17 studies
conduced by different authors [7–9] who analyzed the extra-colonic anomalies
seen on CTC in 3,488 patients. Of these, 40% had at least one additional lesion;
in 2.7%, extra-colonic tumors were identified (0.9% of which N0M0); in 14%,
additional diagnostic examinations were needed because the lesions found at
CTC were not previously known; and 0.9% of patients received prompt treat-
ments (Table 16.1). In research carried out by Fenlon [10], 10.3% of 29 patients
with occlusive distal cancer who could not be examined by endoscope methods
were found to also have a proximal synchronous cancer. In another study [11],
CTC identified synchronous cancers not seen by classical colonoscopy in three
(10%) patients out of 29, as well as corroborating colon cancer in 10 patients in
this series. Joo Hee Kim found that, among 75 patients with occlusive colon can-
cer, CTC identified six synchronous tumors (9%), three of them proximal to the
occluded side of the colon and three located distally (Table 16.2). In that series,
the accuracy of CTC was 96%, the sensitivity 83%, and the specificity 98% [12].
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Table 16.1 Extracolonic lesions detected at virtual colonoscopy

Author Number Age Further Patient Other 
of patients (range) information Total examination

Hellstrom (2004) 111 66 94 232 26
(19–86)

Pickhardt (2003) 1,233 57,8 223 223 none
(40–79)

Ginnerup (2003) 75 61 49 68 8
(33–78)

Gluecker (2003) 681 64 469 858 110
(41–80)

Munikrishnan (2003) 80 68 25 25 none
(29–83)

Edwards (2001) 100 65 15 15 6
(55–75)

Miao YM (2000) 201 71 24 25 none
(55–91)

Morrin (1999) 40 62 5 5 none
(22–96)

Dachman (1998) 44 58 26 32 none
(41–58)



An interesting recent clinical application is the integration of PET-CT [13],
in which virtual colonoscopy is combined with standard PET-CT  to produce
three-dimensional image reconstructions called PET-CT colonography. The pro-
cedure requires about 30 min and yields accurate identification and classifica-
tion of colonic lesions, depending on the amount of radiotracer used.

Nonetheless, as for other organs, correct cancer staging of tumors of the
colon and rectum requires total-body imaging. The use of CTC in diagnostic
phase could allow the early detection of associated lesions, and could be fol-
lowed by imaging studies able to identify MPM.

Total-Body Imaging Techniques

As noted above, to identify a further primary tumor it is essential to carry out
total-body imaging, most commonly by CT-TB, 18FDG-PET, TB NMR, PET-CT.
In the following we discuss their sensitivity and specificity in the diagnosis of
synchronous and simultaneous MPM.

Presently, the most widespread method, and the one recommended by sever-
al medical guidelines for cancer staging, is contrast-medium CT, as it allows
total-body evaluation within an extremely short time frame. Both the primary
tumor and associated tumors in adjacent and/or distant organs are visualized
[14] (Fig. 16.2).

CT is commonly used to discover metastasis, whereas other lesions, located
outside the frequent sites of metastasis, are often not seen by CT. Multidetector-
row CT (MDCT) represents the further evolution of this method [15]. Through
volumetric acquisition, it provides a three-dimensional reconstruction of the tis-
sues and organs of interest (Fig. 16.3). Nonetheless, while contrast-agent-medi-
ated imaging allows good lesion to tissue contrast, it does not distinguish
between benign and malignant lesions or, in cases of the latter, between MPM
and metastasis [15, 16]. The certification of the lesion could be achieved only
through CT-guided biopsy sampling.

Furthermore, despite the interesting perspective that is achieved by high-qual-
ity three-dimensional MDCT imaging and its utility in the correct assessment of
tumor extension, this method focuses on a certain organ and cannot be used in the
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Table 16.2 Cancer discovered at CT examination

Author Number of patients Colon and rectal cancer Synchronous cancera

Fenlon HM (1999) 29 29 3

Neri E (2002) 29 10 3

Joo Hee Kim (2002) 75 75 6

Hellstrom M (2004) 111 10 ?

aSynchronous tumors found at CTC not seen by normal colonoscopy
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Fig. 16.2 MPM identified by total body contrast-medium CT

Fig. 16.3 MDCT image of bilateral renal cancer



detection of synchronous tumors [15, 16]. According to the international litera-
ture, CT sensitivity in discovering further tumors is only around 50% and there-
fore, this method cannot be considered when MPM, especially synchronous
tumors, is suspected [17].

Techniques that non-invasively yield in vivo information on cellular metabo-
lism, such as positron emission tomography (PET), can be used in early cancer
assessment based on the increased uptake of radioactive tracer [18]. These
molecular imaging techniques play important roles in diagnosis as well as tumor
staging, because the molecular changes in in-vivo tissue metabolism anticipate
the morphological modifications of cancer lesions [17]. In addition, tumor clas-
sification and the identification of tumor extent are possible [19].

In clinical practice and in for the study of cancers, the most commonly used
radiotracer is 18F-labeled fluorodeoxyglucose (FDG). FDG is actively taken up
by cells via glucose transporters, phosphorylated but not metabolized; the com-
pound therefore remains trapped within the cell, where it can be detected by PET
tomography. Cancer lesions accumulate higher concentrations of radiotracer
than normal tissue and are therefore recognizable as area of increased radioac-
tive intensity, which can be quantified and followed over time [13]. The coro-
nary, sagittal, and transaxial sections obtained in total-body imaging by PET
tomography have a spatial resolution of about 5 mm [13]. The literature has
broadly demonstrated the improved diagnostic accuracy of 18FDG-PET and its
better detection of early stages of many types of cancers compared to conven-
tional imaging methods, especially contrast-agent-mediated CT. The additional
diagnostic information provided by 18F-FDG PET resulted in changes in the
treatment of patients in more than 30% of the cases analyzed [20]. In a series of
366 esophageal cancer patients, analyzed by 18FDG-PET, ten (2.7%) were found
to have a second, synchronous malignant tumor localized as follows: two in the
right colon, five in the kidney, one in the lung, one in the thyroid, and one in the
oral cavity [21].

The limitation of 18FDG-PET lies in its low spatial resolution, especially for
body regions with considerable anatomical complexity (head-neck, medi-
astinum, pelvic floor) [22], where it may be difficult to localize neoplastic
lesions or to distinguish between physiological and pathological concentrations
of radioactive tracer (muscle tissues or hyperactive circumscribed areas in the
intestinal lumen) [23, 24]. In addition, there is no qualitative distinction between
inflammatory and neoplastic tissue [24, 25] and it is often difficult to assess
those organs that tend to concentrate large amounts of FDG (e.g., thyroid, blad-
der) [26]. Thus, PET is not the optimal method to identify MPM, even if in our
case study it identified synchronous tumors in some patients. It has therefore
become increasingly apparent that PET-generated metabolic images must be
assessed with reference to the anatomical images provided by CT or NMR [22,
24, 27–29]. However, image fusion is often difficult or impossible, as CT or
NMR examinations are not always available, or they may have been performed
at different times, or may not be appropriate for an effective comparison. Even
if optimal images are available, complex software is required for image fusion,
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which creates numerous technical problems and long processing times [17].
This problem in clinical practice has prompted the manufacture of hybrid

imaging devices consisting of a patient bed, a high quality PET scanner, and
MDCT device [27, 30–33]. These so-called PET-CT scanners therefore combine
the morphofunctional images of PET with the anatomical images provided by
CT. These device offers the advantage of an accurate correspondence between
areas of physiological and pathological radioactive tracer collection and anatomi-
cal landmarks – an essential feature in the correct interpretation of PET images –
and thus reduce the number of false positives, yielding increased diagnostic and
staging accuracy [34–36] (Fig. 16.4). A comparison of PET and PET-CT has
shown that PET-CT provides additional information regarding location and
interpretation of lesions with increased metabolism, especially for body regions
of anatomical complexity and when the normal anatomy has been changed by
surgery and/or radiation therapy [30, 33, 37, 38]. The overall sensitivity, speci-
ficity and diagnostic accuracy of PET-CT with respect to global TNM; staging
is respectively, 80, 93 and 94% [33].

Of particular interest is the use of iodinated or barium-containing contrast
materials during PET-CT in the visualization of the bowel loops, particularly
those of the small bowel, and the vascular structures [17]. In a study of 14
patients with colorectal cancer examined by PET-CT [13], three otherwise-over-
looked metastases, one synchronous colorectal cancer, and three synchronous
MPM (thyroid, hepatocarcinoma, breast) were detected. Similar results were
reported in a series of 547 patients in whom PET-CT revealed seven clinically
unexpected metastases and 14 benign lesions; 4.8% of the lesions had not been
highlighted by previous investigations. The reported sensitivity of PET-CT in the
detection of MPM was 91% (31 out 34) and the specificity 69% (31 out 45) [28].

Several kinds of tumors are not FDG-amenable, such as renal cell carcinoma,
prostate cancer, and gastric lesions, particularly small ones, in which the tracer
concentration is limited (such as early gastric cancer), deep liver lesions, and
low-grade soft-tissue malignancies. In the absence of pronounced morphologi-
cal changes, this may lead to false-negatives in early-stage disease [36].
Furthermore, the high cost of PET-CT, its limited availability, restricted to a few
specialized centers [35], and the European Union guidelines limiting the amount
of radiation allowed for each first-stage diagnostic session restrict its use for sec-
ondary prevention or mass screening [36].

A review of the international literature and our own experience both suggest-
ed that PET-CT is particularly suitable for the detection of MPM. The other main
indications of PET-CT are summarized in Table 16.3 [17]. PET-CT is a relative-
ly recent method and will no doubt undergo further technological development,
with increases in spatial resolution, diagnostic accuracy, and examination time.
In addition, new radiotracers are being investigated, such as 18-fluoro-deoxy-L-
thymidine, which is able to indicate changes in cell metabolism and growing
tumors, or 11C-choline, in the study of prostate carcinoma [17].

Another method commonly used in the diagnosis of neoplasms is NMR, a
technique that has become extremely sophisticated. In total-body NMR, parallel
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imaging is possible due to the multiple independent radiofrequency receiver
coils of high intensity (>1.5 Tesla) and a rolling platform. This allows multiple
scans without the need to move the patient and an improved acquisition time [33,
36]. In the recently introduced whole-body scanners, a system of multiple
phased-array coils covering the entire body allows scans to be acquired in all
three dimensions, with a longitudinal extent of 205 cm and a detailed anatomi-
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Fig. 16.4 PET-CT image of MPM



cal representation [17]. Moreover, the introduction of specific acquisition proto-
cols, with sequences specific for the various organs, has further decreased acqui-
sition time and minimized the image distortions produced by respiratory move-
ments and intestinal peristalsis.

TB-NMR is of interest in the study of abdominal organs, especially the liver
(>3 mm lesions), bones (>2mm lesions). In the neurological field, spectroscop-
ic sequences can be associated, so that it is possible to analyze the concentration
of various metabolites. The technique is able to distinguish malignant from
benign neoplastic lesions with a diagnostic accuracy of 93% [13, 33, 39–41]
(Table 16.4). A comparison of the sensitivity and specificity of TB-NMR vs.
PET-CT in diagnosis of neoplasms is shown in Table 16.5 [13, 33, 40].

Magnetic resonance imaging (MRI), with its excellent tissue contrast, high
spatial resolution, and detailed morphological information is excellent for tumor
screening [13, 36]. Its use has been limited mainly by the duration of the exam-
ination (relatively long) and the difficulty to simultaneously scan several
anatomic as both the patient and the coils must be repositioned [36]. It is also
unable to characterize kidney and lung injuries. However, the introduction of
new diagnostic protocols has increased the sensitivity to >90% for lung injuries
between 4 and 10 mm and to 100% for lesions >10 mm [31, 36, 40–42]. There
has been considerable progress in MRI examinations of other organs due to the
introduction of specific sequences; for example, MR colonography can detect
intestinal lesions >10 mm, i.e., similar to the results obtained with CT colonog-
raphy [42–44]. The same can be stated for the examination of other organs. With
the use of specific protocols, the same excellent sensitivity for cerebral, liver,
and bone lesions can be achieved for other organs (kidneys, prostate, etc.)
[45–47]. Despite recent technological developments, it is not yet possible to dis-
tinguish with certainty between primary and recurrent lesions. MRI does distin-
guish vascular from other types of lesions. While spectroscopic sequences may
indicate the presence and concentration of certain substances, the classification
of the lesion can only be definitively achieved only through biopsy.

Finally, while the high effective radiation dose (about 25 mSv) of PET-CT
makes it inadequate for secondary prevention, whole-body MRI, with its lack of
ionizing radiation, is highly attractive for this purpose [17].

Although TB-NMR seems promising for the detection of MPM, we have no
evidence at this time to confirm these claims. We have therefore used the data
reported in the literature to compare PET-CT and TB-NMR in the identification
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Table 16.3 Clinical indication for PET-CT

– Staging of cancer in anatomically complex body regions

– Staging of tumors when assessment of possible lymph node; involvement is particularly
important

– Assessing doubtful and inconclusive CT findings regarding relapse

– Tumors with indications for radical radiotherapy



of MPM [33, 40, 42], in particular synchronous MPM, while taking into account
the limits set by European Union legislation. According to the EU, mammogra-
phy is the only radiological investigation approved as a mass screening tool [42].
The data obtained from various series seem to encourage a more widespread use
of TB-NMR, especially in the detection of synchronous MPM. A breakthrough
development might be the recent application of fused virtual PET-NMR images,
which should further increase the diagnostic ability of this method. At present,
however, the number of cases is not yet numerically significant, and the data are
more accidental rather than the results of careful research.
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Table 16.4 Other lesions found at TB-NMR

Author Number Index tumor Other lesions
of patients

Eustace 25 Various 6 (24%) metastasis visceral and 1 
(4%) cerebral metastasis 

Walzer 17 Breast cancer 3 (17.6%) liver metastasis and 3 
(17.6%) cerebral metastasis 

Engelhard 22 Breast cancer 4 (18%) metastasis liver and/or lung

Ghanem 129 Various 32 (24.8%) metastasis visceral and 5 
(3.,8%) cerebral metastasis 

Table 16.5 Comparison between TB-NMR and PET-CT

Author Patient nr Index Lesions discovered at TB-NMR and PET-CT (N)
tumor

Cerebral Lung Liver Bone 
marrow

Antoch 98 Various – 23 vs. 25 13 vs. 12 11 vs. 8

Lauenstein 51 Various 8 vs. 7 17 vs. 17 18 vs. 16 24 vs. 21
(not lung)

Schlemmer 68 Various 8 vs. 7 12 vs. 15 22 vs. 19 28 vs. 12
(not lung)

Schmidt 38 Various 6 vs. 0 37 vs. 36 71 vs. 62 76 vs. 50
(not lung)

Muller-Horwat 41 Melanoma 20 vs. 18 16 vs. 19 13 vs. 5 28 vs. 12



It is therefore clear that in the absence of an ideal imaging method; the clin-
ical approach must be tailored to suit each case. Once a neoplasia has been iden-
tified, the index tumor should serve as a starting point in considering possible
neoplastic associations and thus the appropriate imaging technique, i.e., the one
that provides the greatest sensitivity and specificity (Tables 16.6 and 16.7).

Not all patients with suspected cancers are candidates for a total-body survey.
The indication for this type of examination should be made in accordance with
the clinical findings (Table 16.8). Indeed, correct staging includes an examination
of those organs under diagnostic suspicion and serves as the basis for establish-
ing the need for total-body imaging [36]. In this case, a choice between PET-CT
and TB-NMR can be made as to which offers the best opportunity to detect addi-
tional lesions and therefore also synchronous MPM (Tables 16.7 and 16.8).

The recent introduction of CTC, which obviates the need for a barium enema,
may offer an alternative method to detect colorectal lesions. A positive finding
should be confirmed and further explored by PET-CT and/or TB-NMR. In the
near future, diagnostic guidelines for colonic lesions could very consist of
colonoscopy, CTC-PET-CT/TB NMR. However, systematic research on the
diagnosis of additional lesions would certainly increase their discovery, but rais-
es ethical problems as well as a significant increase in costs [7].
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Table 16.6 Total body imaging

Sensitivity (%) Specificity (%)

TB-CT 55 80

TB-NMR 90 95

18FDG PET 84 88

PET-CT 93 95

Table 16.7 Organ-specific accuracy of several imaging methodsa

Anatomic region Imaging technique
CT TB-NMR FDG PET PET-CT

Lung 46 82 62 89
86 94 98 94

Liver n.a. 93 n.a. 86
95 96

Pancreas 85 92 97
67 n.a. 85 76

n.a. Data not available from our radiologic institute
aSensitivity reported in bold type and specificity in italics



Conclusions

At the moment there is no universal diagnostic technique with overall oncologic
accuracy, neither are there diagnostic guidelines to identify synchronous MPM.
As such, the diagnostic approach must be adapted on a case by case basis. The
difficulties in comparing different cases lie in the different diagnostic protocols
used at the various centers and the nature of the particular disease [17, 33, 36].

A more rational approach is needed for those patients in whom MPM is clin-
ically suspected, especially in the case of lesions of the colon. CTC, especially
when combined with CT-PET may be the strategy of choice to identify addition-
al lesions in these patients. 

Even if it is not possible to distinguish with certainty between primary and
recurrent lesions, familiarity with the MPM regarding their anatomic locations
(as opposed to that of the index tumor) and frequency of associations is essen-
tial. The technical characteristics of today’s diagnostic imaging techniques, in
particular those that allow whole-body image acquisition, such as CT, MRI, and
PET-CT, make them ideal diagnostic tools for the study of MPM.

PET-CT is currently the most advanced method of metabolic imaging. In the
detection of MPM, it has a sensitivity of 93%, specificity of 95%, and a global
diagnostic accuracy of 94%. It also offers the highest diagnostic accuracy in
identifying tumor stage. In about 20% of cases, improved recognition of anatom-
ical landmarks guides the correct interpretation of lesions; this feature is partic-
ularly useful in the detection of synchronous MPM.

An interesting alternative is represented by TB-NMR, which offers good
global sensitivity; its use is also currently favored by current legislation. The
introduction of PET-NMR will hopefully represent the future gold standard
imaging procedure for many different diseases, among them probably also syn-
chronous MPM.
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Chapter 17

“DNA-Guided” Therapy

Nicola Carlomagno, Luigi Pelosio, Akbar Jamshidi, Francesca Duraturo,
Paola Izzo, Andrea Renda

Introduction

Rapid progress in understanding the biomolecular basis of disease has brought
new concepts to the diagnosis and treatment of some hereditary tumors. After
the genes causing the syndromes were identified, the first step was the adoption
of predictive genetic tests to identify within affected families those subjects con-
sidered to be carriers of the mutations, and then to enroll them in intensive sur-
veillance program and perhaps even to offer prophylactic therapy. Over the
years, and particularly following the detection of many types of alterations in the
genes responsible for hereditary tumors, it has become possible to correlate
genotype, as determined by genetic testing, with the heterogeneous forms of
phenotypic expression and clinical manifestations, and thus to provide patients
with prognostic information. 

Genetic therapy, or the possibility of radically treating or arresting the
progress of a tumor on the basis of surgical genetic engineering, is around the
corner. A genetically guided clinical approach is already a reality, with precise
genetic analysis increasingly requested in order to determine the most appropri-
ate treatment for hereditary syndromes, such as the decision between radical sur-
gery for the involved organs and more conservative surgery with close follow-
up. Further genetic discoveries will likely allow the selection of patients greatly
at risk for a particular tumor, including those likely to be operated on several
times during their lifetime.

Screening

In all inherited syndromes, accurate screening of patients and their families is
essential to early diagnosis and treatment.

Previously, all members of families affected by familial adenomatous poly-
posis (FAP) underwent endoscopy every 1–2 years, starting from the age of
10–12 years. However, this approach required frequent colonoscopies and enor-
mous psychophysical stress. The observation of the precocious occurrence of
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some extra-colonic manifestations (ECMs), even before colonic polyps devel-
oped, led to their use as clinical markers to identify family members at high risk.
Some of these markers turned out to be very common in the general population
(dental anomalies) or relatively infrequent (14–81%) in FAP-affected patients
(osteomas). By contrast, good results were obtained with ophthalmoscopic
examination to identify patients with congenital hypertrophy of pigmented
epithelium of the retina (CHRPE) (present in 0.03% of the healthy population)
(Fig.17.1).

With the identification of deletions in chromosome 5 [1, 2] and then of the
APC gene, the genetics of FAP were quickly elucidated. This allowed DNA test-
ing in combination with clinical screening (endoscope, ophthalmoscope), result-
ing in the ability to diagnose FAP with high specificity (95%) and accuracy
(98%) [3]. In patients with multiple polyposis, especially those with malignant
degeneration or synchronous tumors associated with classic FAP or attenuated
FAP (AFAP), but with no mutations in the APC gene, mutations of the MYH
gene are investigated [4].

For FAP, current screening consists of a peripheral venous blood sample for
molecular analysis and an ophthalmoscopic examination, both of which are
already possible in children and neonates. In positive subjects, an endoscope
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Fig. 17.1 CHRPE: clinical marker of FAP since the early 1990s



exam to confirm the diagnosis is obtained at 15 years and repeated annually until
polyps develop, up to age 45 in families with “late onset” disease. If gene muta-
tions are not found, a colonoscopy is nonetheless recommended at 18, 25, and
35 years, to allow for the possibility of a false negative test (regions of the gene
not analyzed, limits and/or technical errors of laboratory), mosaicism, or de
novo mutations. Patients who at molecular exam are definitively determined to
not be carriers of genetic anomalies are spared endoscopic screening. 

Unlike in FAP, there are no clinical markers to identify families with hered-
itary non-polyposis colorectal cancer (HNPCC); thus, instead, based on Lynch’s
description the clinical characteristics of the disease were systematically
searched. Diagnostic criteria were defined a group of researchers joint in
Amsterdam in 1990, but they turned out to be overly restrictive in that few fam-
ilies completely fulfilled all of them and they were subsequently modified [5–8]
(Table 17.1).

17  “DNA-Guided” Therapy 247

Table 17.1 HNPCC: clinical criteria for diagnosis and mutational analysis

Amsterdam Ia 1991 Three or more first-degree relatives with CRC; 2 
generations affected; one family member  
<50 years, exclude FAP

Bethesda 1997 Patients with 2 HNPCC-related cancers (colorectal 
and extracolonic, synchronous as well as metachro-
nous); one first-degree relative withHNPCC

Amsterdam II 1998 Same as Amsterdam I but CRC can be replaced 
by extracolonic (endometrium, small bowel,
urinary tract) cancers

Revised Bethesdab 2003 CRC <50 years, multiple CRC- or HNPCC-related 
cancers, CRC + MSI <60 years, CRC- or HNPCC-
related cancers in at least one family member 
<50 years, adenoma <40 years, CRC- or HNPCC-
related cancers in at least two first- or second-
degree relatives at any age

Revised Amsterdam 2004 Small nuclear family: 2 first-degree relatives 
with CRC; 2 generations affected; one family 
member <50 years. Families with 2 first-degree 
relatives with CRC and a 3rd one with CRC or 
endometrial cancer at early age. Young age at 
onset (<40 years) with no family history

FAP, Familial adenomatous polyposis; CRC, colorectal cancer; HNPCC, hereditary non-
polyposis colorectal cancer; MSI, microsatellite instability 
aAll criteria must be met
bAny criterion can be met



Recognition of the hereditary aspect is the first step in approaching an inher-
ited neoplastic syndrome, as outlined by Peterson [9]. A scrupulous medical his-
tory is mandatory for a correct diagnosis of HNPCC, distinguishing it from sim-
ple familial colorectal cancer (CRC).

Preparation and experience on the part of the physician are decisive for
selecting individuals who should undergo molecular analysis. After a survey of
different medical specialists, Batra [10] highlighted that 79% of 258 gastroen-
terologists were able to identify HNPCC, but only 34% were knowledgeable
about the genetic tests and 16% about screening programs. These data are even
more significant if we consider that gastroenterologists are better informed than
general practitioners about CRC [11].

Once the mutation in the family has been identified, members can be
screened at an early age to identify carriers. Effective genetic screening reduces
the number of patients who will need to be examined endoscopically by 50%.
This results in relevant economic and psychological benefits and doubles the
efficacy of the examination. In CRC patients under age 50 who are positive for
the Amsterdam I or II criteria, mutations in MSH2 or MLH1 genes are searched
for directly. Patients who do not satisfy these characteristics but whose disease
is described by less restrictive ones (Bethesda II), microsatellite instability
(MSI) or immunohistochemistry (IHC) of MSH2 and MLH1 can be examined;
if the result is positive, then mutations in MSH2 or MLH can be searched for,
whereas MSI- and IHC-negative subjects do not require other genetic tests.
Clinical surveillance is based on an annual colonoscopy beginning at age 20–25
[12]. Considering the natural history of HNPCC, which has an earlier onset and
a faster adenoma-carcinoma progression than the sporadic form, some clinicians
feel that the endoscopy should be every 12–24 months in patients with an ascer-
tained mutation. 

Screening efficacy has been confirmed by the reduction of cancer-related
deaths rates. Jarvinen [13] compared two groups of subjects at risk of HNPCC
over a 10-year period. Members of the first underwent periodic endoscopic
screening, while those in the second were not followed with any surveillance.
This latter group had a higher incidence of cancer (4.5% vs. 11.9%)m presumably
owing to the endoscopic polypectomies in the screened group. The incidence of
early-stage tumors and cancer-related deaths were also significantly decreased as
a result of screening. In another study, comprising 114 HNPCC at-risk families,
35 cases of cancer were diagnosed but only one, discovered at a maximum inter-
val of 2 years from the last endoscopy, was at advanced stage [14].

The high risk of premature death in individuals at risk of multiple endocrine
neoplasia (MEN)1 justifies periodic genetic screening [15]. Mutational analysis
of the MEN-1 gene is carried out on patients in whom there is clinical suspicion
of disease. This approach reassures patient and their families while avoiding fre-
quent and expensive periodic clinical checks of family members who lack the
mutations. The aim of screening is to discover anomalies in pre-symptomatic
stages. Early recognition of genetic alteration can lead to early diagnosis and
consequently to a reduction in morbidity and mortality [16–18].
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In MEN2, medullary thyroid cancer (MTC) is the first clinical manifestation
and the main cause of death. Rapid identification is fundamental, mainly
because of the tendency for metastases in very young patients [19]. Before the
arrival of genetic testing, in the 1970s, MEN2A could be diagnosed with bio-
chemical testing, such as the calcium test or the pentagastrin stimulation test to
demonstrate the presence of MTC [19]. Although these tests are sensitive and
specific, when performed annually they are expensive, laborious, and associated
with troublesome side effects such that some members of affected families
refuse repeated screening [20].

Genetics have opened up a new era in the prevention and treatment of MEN2.
In some patients, this means prophylactic thyroidectomy, before clinical manifes-
tation of the illness, based on the results of predictive DNA tests and after close
study of the at-risk family’s genealogical trees as well as the collection of DNA
from sick and healthy members of the family for genotyping. The recent identifi-
cation of the germline mutation of the proto-oncogene RET in patients with
MEN2A, MEN2B, and familial MTC (FMTC), has confirmed the DNA test as the
best method for screening at-risk family members, because it can be carried out
at any age and requires only a single sample of peripheral blood [19, 20].

Women with a BRCA1 or BRCA2 germline mutation are at increased risk of
breast and ovarian cancer compared with the general population. If the genetic
alteration is not already known, obtaining an accurate clinical and familial his-
tory is the first step in identifying those at risk by molecular analysis. Detection
of a germline BRCA mutation is more likely in families with: (a) breast cancer
diagnosed at age <50 years in two or more related women, or in one woman but
with ovarian cancer in one or more related women; (b) ovarian cancer in two or
more relatives; (c) male breast cancer with any family history of breast and/or
ovarian cancer [21].

Botkin et al. [22] identified BRCA mutation carriers, non-carriers, and indi-
viduals of unknown mutation status to determine the impact of test results.
Follow-up included genetic testing of men and women, and mammography,
breast self-exam, clinical breast exam, mastectomy, oophorectomy, transvaginal
ultrasound, and CA125 screening for women. Of those fully informed of the
opportunity for testing, 55% of the women and 52% of the men pursued genet-
ic testing. With respect to mammography for women 40 years and older, 82% of
mutation carriers obtained a mammogram in each year following testing com-
pared to 72% of non-carrier women the first year and 67% the second year. The
use of mammography increased significantly over baseline for both mutation
carriers and non-carriers. Younger carrier women also significantly took advan-
tage of mammography. Overall, 29% of the carrier women did not obtain a sin-
gle mammogram by 2 years post-testing. At 2 years, 83% of the carrier women
and 74% of the non-carriers reported adherence to recommendations for breast
self-exam and over 80% of carrier women had obtained a clinical breast exami-
nation each year following testing. For all women age 25 and over, carriers and
non carriers significantly increased their use of mammography from baseline at
both 1 year (p <0.01) and 2 years (p <0.01) post-testing. 
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Current screening recommendations for breast cancer prevention consists of
monthly breast self-examination beginning at 18 years of age, a clinical exami-
nation every 6 months, and yearly mammogram beginning at age 25. For ovari-
an cancer, annual or semi-annual transvaginal ultrasonography and CA 125 lev-
els beginning at age 25–35 years are recommended; however, these screening
procedures are limited in their ability to detect ovarian cancer at a curable stage
[21–25].

Therapy

The therapeutic approach to FAP is particularly complex and demanding,
because it entails prophylaxis and treatment of colonic adenomas, CRC and
potentially lethal ECMs. Therapy must be modulated regarding: (a) colectomy
(type of anastomoses, reconstruction, i.e., ileorectal anastomosis or ileal pouch-
anal anastomosis, age at surgery), (b) treatment of ECMs, (c) possible comple-
mentary therapy and/or chemoprevention. 

The adenoma-carcinoma progression is the most important event of FAP.
Fortunately, it can be prevented by prophylactic colectomy (Fig. 17.2) in rela-
tively young at-risk individuals, with good functional and oncological results.
Although non-steroidal anti-inflammatory drugs may have some benefic effect
on colonic adenomas, prophylactic surgery of the colon is still the only curative
treatment for polyposis [26]. Nonetheless, the young age of the colectomy
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Fig. 17.2 Prophylactic colectomy for severe diffuse polyposis



patients (15–25 years) points out how surgery seriously affects the quality of
life, education, and social relationships. The first problem that must be confront-
ed is reconstruction after total colectomy. The two most common procedures –
the proctocolectomy with ileo-anal anastomosis and interposition reservoir
(IPAA) and total colectomy with ileo-rectal anastomosis (IRA) – are universal-
ly accepted, as total proctocolectomy with definitive ileostomies  confined only
to few patients. The choice between IPAA and IRA depends on a careful analy-
sis of the main inauspicious events: the possible functional failure of IPAA or
the risk of rectal stump cancer after IRA. IPAA is, from an oncological perspec-
tive, more promising but it carries a high risk of morbidity and worse function-
al results; if the procedure is not successful, surgeons must resort to a definitive
ileostomy. However, IRA exposes patients to the risk of rectal-stump cancer,
which exponentially increases in the years following prophylactic colectomy
[27] despite careful endoscope control, as documented in the St. Marks experi-
ence, which reported the development of cancer less than 6 months after the last
negative rectoscopy [28]. In the context of MPM, rectal stump cancer is clearly
a metachronous tumor. Mutational analysis can have an important role in the
decision at what age patients should undergo prophylactic surgery. Colectomy
must be anticipated in families with a history of early disease onset but can be
delayed in late-onset disease, albeit with a significantly high risk that these
patients will develop ECMs, such as desmoids. Mutations in the first four exons,
characteristic of AFAP, or in the region of exon 15, associated with a high risk
of desmoids, requires a more cautious approach, postponing surgery until
patients are at least 20 years of age.

Genotypic/phenotypic correlation can be useful in the choice between IRA or
IPAA while taking into account other clinical criteria [27]. Some deletions are
known to predispose patients to cancer and are therefore contraindications for
IRA. Vasen [26] highlighted that, in the follow-up of 87 patients who underwent
IRA, the need for a second operation rate was significantly higher in those with
mutations after codon 1250. Church [29] reported that proctectomy was mostly
performed in patients with alterations between codons 1309 and 1328.

Even though surgery is currently the most effective treatment for hereditary
familiar tumors, recent studies have drawn attention to chemoprevention (oral
supplements of Ca+, vitamin C, FANS, Cox2-inhibitors) [30, 31]. This mode of
therapy is dealt with extensively in another chapter of this monograph. Briefly,
over 20 years ago, Waddel [32] first described the action of sulindac in reducing
the number and dimensions of colic adenomas in patients with FAP, as con-
firmed by Giardiello’s perspective study [33]. In some randomized trials, inter-
esting results were reported with sulindac and Celecoxib; such that, in 2001, the
FDA approved the Cox2 course for FAP, with follow-up by endoscopic surveil-
lance. However, Giardiello [34] recently downplayed the benefits of sulindac.
Likewise, for desmoids and polyps of the upper gastrointestinal tract, several
chemoprevention schemes have been proposed but with varying results.

Based on these observations, it becomes clear how molecular analysis can be
effectively inserted in chemoprevention programs, in that the administration of
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these drugs would be limited to patients with ascertained mutations, with the
goal being to prevent the occurrence of polyps and postpone colectomy. 

In AFAP-affected patients with few adenomas, endoscopic polypectomy
could be followed by the administration of Cox2 and endoscopic surveillance, as
for patients with HNPCC, [35], even if Cox2 gene expression is less in patients
with defective MMR and MSI genes than in patients with FAP and sporadic can-
cer [36, 37].

Also for FAP caused by mutations in MYH, which has a later onset than clas-
sic FAP (50.6 years, range 35–69), screening and polypectomy are not sufficient
to prevent cancer; rather, prophylactic surgery is indispensable even if surgery is
postponed [4].

In HNPCC, the role of surgery is not only limited to CRC exeresis, but also
to the prevention and treatment of metachronous CRC or extra-colonic cancer.
In patients with CRC and ascertained mutations, total colectomy is the most suit-
able operation because of the high incidence of synchronous and metachronous
tumors [9]. In the past, there were many reports of patients who underwent two
or three operations during their lifetime. In the presence of genetic alteration
without CRC the role of prophylactic surgery can be considered. While for other
hereditary syndromes (FAP, MEN2) it has been universally affirmed, in HNPCC
it is a valid therapeutic option; after careful evaluation and detailed information,
patients may decide either to undergo prophylactic surgery or to be rigorously
followed [9]. However, the optimal age for surgery remains to be defined.
Immediate prophylactic surgery may have greater benefits than intense endo-
scopic surveillance program and is often preferred by patients who particularly
motivated and well informed on the clinical history of the disease. We advise
colectomy over endoscopic surveillance because of the possibility that sessile
adenomas, frequent in HNPCC, can escape endoscopic detection. The choice for
surgery is particularly useful for cancer-phobic persons or those unable to com-
ply with a surveillance program.

Unfortunately, neither prevention nor prophylactic treatment is available for
the tumors in MEN1. Treatment is generally limited to surgery but only at the
moment of clinical diagnosis [15].

In MEN2, MTC develops in all affected patients and is the only constant
malignant component of the syndrome. Thus, independent of age, all such
patients are candidates for total thyroidectomy (TT) as soon as a mutation of the
RET gene is identified.  The evidence suggests that this approach is curative or
preventive for MTC in almost all cases, assuring the longest survival and the best
quality of life [38]. Cohen and Moley recommended prophylactic TT for all car-
riers with identified mutations of c-RET [39]. Interesting data were obtained
after reports of microscopic MTC [40] and nodal involvement [41] in pediatric
patients. Microscopic MTC was also discovered in a metastatic stage during the
first year of life [42–46]. The higher accuracy of DNA analysis compared to bio-
chemical screening was demonstrated in one study, which found that after
DNA+ patients underwent TT it was still possible to detect small breeding
grounds of MTC despite normal levels of plasmatic calcitonin in 56.1% and
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microscopic MTC, hyperplasia of C cells, or both in 62.2% [20].
The problems of prophylactic surgery for MTC are the optimal age for sur-

gery, the necessity of lymphadenectomy, and the possible need for radiotherapy.
In these decisions, the information obtained from mutational analysis can be rel-
evant in that it allows subjects with different risk levels to be identified such that
the therapeutic approach can be personalized, as summarized in Table 17.2 [47].
Regarding prophylactic lymphadenectomy, there is no consensus, either with
respect to possible additional morbidity or to the different clinical expressions of
the disease and the significant differences in nodal involvement among patients.
Surgeons and internists have different opinions on prophylactic lymphadenecto-
my. The former prefer to perform it at same time as TT, since potential difficul-
ties can be met in the central department of the neck in cases of re-intervention.
Internists, by contrast, fear the additional morbidity caused by hyperparathy-
roidism (HPT) and/or recurrent nerve lesions. Some authors advise lymphadenec-
tomy only in cases of a positive CT scan after stimulation tests [47].

The problem of nodal diffusion is relevant considering that the finding of
microscopic MTC within the first year of life in this setting is common, and even
metastases have been described [47]. In less aggressive forms, nodal involve-
ment has been verified in all cases except those involving mutations at codons
790 and 791 [47]; however, in all the three groups indicated in Table 17.2, if
there is evidence of lateral nodal involvement, a more aggressive dissection is
needed [19].

In MEN2B, central lymphadenectomy is a well-accepted approach and
should be wide ranging if metastases are clearly identified [46].  

In the literature there are few data and little support for the use of radioio-
dine to treat residual thyroid tissue. [47].

In HBOC, chemoprevention, mastectomy and prophylactic hysteroadnexec-
tomy are current and still unresolved problems. Since screening procedures are
limited in their ability to identify ovarian cancer at a curable stage, prophylac-
tic bilateral salpingo-ophporectomy (BSO) is recommended once child-bearing
is complete. Similar to Botkin’s results [22], Lerman et al. [48] documented a
relatively low use of CA 125 testing and transvaginal ultrasound, with only 21
and 15% of patients, respectively, reporting use of these measures within 1 year
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Table 17.2 Risk of medullary thyroid cancer (MTC) stratified in three categories according
to the mutations in the c-RET gene (from [48])

c-RET mutations (codons) Risk (level) Total thyroidectomy (patient age)

883, 918, 922 Very high (3) <6 months + central node dissection

611, 618, 620 or 634 High (2) <5 years ± central node dissection

609, 768, 790, 791, 804 e 891 Less aggressive (1) 5–10 years or periodic pentagastrin 
test and thyroidectomy at first 
alteration of test results



of diagnosis, while prophylactic surgery was clearly preferred over early detec-
tion measures to reduce the risk of ovarian cancer. Recent studies provided evi-
dence for this recommendation, as prophylactic BSO was found to reduce the
risk of ovarian cancer in women with a BRCA mutation by >95%. In addition,
prophylactic BSO in premenopausal mutation carriers has been shown to
reduce the risk of breast cancer by approximately 50% [23]. Bilateral prophy-
lactic oophorectomy reduces the risk of coelomic epithelial cancer and breast
cancer in women with BRCA1 or BRCA2 mutations [49, 50]. (Table 17.3).
Furthermore at the time of BSO, occult carcinomas were detected in 2.3–8.6%
of patients [49, 51].

Because of the great risk of cancer for carriers of BRCA1 and BRCA2 muta-
tions, the inevitable question of bilateral prophylactic mastectomy (BPM) has
been posed. To summarize the results obtained thus far, BPM probably reduces
the incidence of cancer by up to 80–90% in women at high ris. However, those
who receive an annual mammography have an 80% survival. In light of a pene-
trance rate of 50–60%, the probability of death from breast cancer for mutation
carriers is close to 10% if women do not undergo preventive mastectomy [52].

The 1997 Consensus Statement for BRCA1/2 carriers by the Cancer
Genetics Studies Consortium [53] stated that no recommendation for BPM
could be made because of the lack of evidence supporting the benefit conferred
by the procedure. Since that time, there have been other retrospective and
prospective studies that showed a high degree of risk reduction with mastecto-
my [54–57]. Recent data from Rebbeck et al. [49] are encouraging, showing
that BPM reduces the risk of breast cancer in women with BRCA1/2 mutations
by approximately 90%: 1.9% of 105 women and in 184/378 (48.7%) of
matched controls who did not have the procedure, with a mean follow-up of 6.4
years. BPM reduced the risk of breast cancer by approximately 95% in women
with prior or concurrent BSO and by approximately 90% in those with intact
ovaries. 

Botkin [22] demonstrated a marked difference in the women’s use of mas-
tectomy and oophorectomy as risk-reducing measures for cancer. In a study of
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Table 17.3 Ovarian and breast cancer prevention: prophylactic oophorectomy (PO) vs. con-
trols (from [50])

PO Controls

Ovarian cancer at the time of the procedure (%) 2.3a 19.9

Papillary serous peritoneal carcinoma (%)c 0.8b

Breast cancer (%)d 21.2 42.3
a 100% stage I
b3.8 and 8.6 years after bilateral prophylactic oophorectomy
cHazard ratio 0.04; 95% confidence interval 0.01–0.16
dHazard ratio 0.47; 95% confidence interval 0.29–0.77



BRCA1/2 testing in US women, Lerman [48] found that only 3 and 13% of car-
riers had, respectively, undergone BPM and BSO at 1 year after testing. A study
of a Dutch population by Meijers-Heijboer et al. [56] yielded different results:
55 and 60% of unaffected female carriers had, respectively, opted for BPM and
BSO by 2 years post-testing. Kauf prospectively followed 170 BRCA1 or
BRCA2 mutation carriers age 35 years or older who had not had BSO, 58% of
whom later chose risk-reducing BSO [50].

The reason for the different responses of women to mastectomy is unclear.
Certainly cultural differences are likely to be highly influential. Julian-Reynier
[58] documented a significant variation between cultures on attitudes toward
cancer prevention strategies.

Surveillance for Second Tumors 

In each of the codified syndromes, treatment of the first manifestation, the so-
called index tumor, must be followed by clinical, laboratory, and instrumental
surveillance. This is particularly demanding because of the huge spectrum of
potential lesions, the multiple anatomic regions involved, and the long latency
between onset of the tumors. It is therefore extremely important to take into
account the clinical and, when available, genetic information in order to avoid
useless exams and unnecessary patient stress. A detailed knowledge of the char-
acteristics of each syndrome is indispensable, including the percentages of
occurrence of possible MPM and the ability to identify at risk subjects for close
follow-up. In this regard, the genotype-phenotype correlation can be very
informative, as it often has a relevant role in predicting MPM.

Due to its many clinical manifestations, the follow-up of FAP [59] is very
expensive and demanding. Endoscopy must include evaluation of the rectal
stump (after IRA) and the ileo-anal pouch; the early diagnosis of ECM may
require very sophisticated investigations. A precise genotype-phenotype correla-
tion allows those exams targeted to the manifestations of genetic defects (e.g.,
desmoids, intestinal polyps) to be reserved for patients at high risk, with the
additional benefit of economic savings. 

Rectal stump cancer, as mentioned above, is a metachronous tumor. The
degree of post-IRA endoscopic surveillance for this tumor can be determined by
the type of genetic mutation. The tests must be particularly thorough in patients
with alterations other than in codon 1250, due to the increased risk of cancer.

Esophagogastroduodenoscopy (EGDS) is obligatory for surveillance of the
upper gastrointestinal tract starting in patients age 30 years, with an annual
examination in positive cases or every 3–5 years in the absence of polyps.
Suspected lesions can be endoscopically removed by laser or electrocoagulation. 

Some patients (young women operated on at an early age, carriers of at-risk
mutations) require very rigorous surveillance for desmoids, and therapy must be
based on a multimodal approach, one that considers the clinical-biological char-
acteristics of their disease state. Surgery, when feasible, is the treatment of
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choice, with radio- and medical therapy complementary or serving as alterna-
tives if surgery is not possible or exeresis was unsuccessful. The results are gen-
erally good in parietal desmoids. In those particularly aggressive and refractory
to other treatments, polychemotherapy with different combinations of antiblas-
tic agents has been suggested  but without encouraging results. Although geno-
typing can foresee the occurrence of desmoids, effective preventive measures are
still lacking. Postponing colectomy may be a valid precaution, considering that
surgical trauma is an important risk factor.

For other FAP-related MPM, such as thyroid cancer and hepatoblastoma we
refer to the chapter by Cetta, which describes his extensive experience in treat-
ing these patients at the University of Siena.

In HNPCC, as for FAP, colectomy is followed by “ortho- and heterotopic”
surveillance. The first addresses the high rates of metachronous CRC and rectal
stump cancer after IRA, the second is aimed at the detection of extra-colonic
neoplasms.

Today there is no general agreement as to the frequency or the modulation of
post-surgical diagnostic procedures. Experience guided by long-term follow-up
data is missing. Endoscopy is advised at intervals within 2 years [60] in patients
at risk for post-IRA rectal-stump cancer. Rodriguez-Bigas [61] reported eight
cases of rectal stump cancer in 71 patients followed on average for 10 years after
total colectomy. In 75% of them, the last endoscope was performed less than
6–24 months before cancer diagnosis.

Oncological surveillance finalized at the early diagnosis of extra-colonic
tumors (stomach, genito-urinary) follows the guidelines reported in the litera-
ture. According to the International Collaborative Group on HNPCC for tumor
prevention in individuals at risk in HNPCC families surveillance should start
from the age of 30–35 and carried out annually for the urinary tract (urine analy-
sis and an urinary ultrasound,) genital sphere (pelvic and/or transvaginal echog-
raphy and determination of CA125) and stomach (EGDS) [62, 63]. For women
with ascertained mutations, examinations should start at age 25 years and must
be performed yearly [64, 65].

Oncological markers, systematically measured repeatedly, can be a useful
indicator of recurrence. 

Prophylactic hysteroadnexctomy can be suggested in menopausal women or
in women who do not wish further pregnancies. Schmeler compared prophylac-
tic surgery with surveillance programs and obtained different results (Table
17.4) [66].

In MEN2A, genetic information is also useful to determine the risk of
pheochromocytoma (PHEO) and hyperparathyroidism (HPT), and thus when to
start clinical, laboratory, and instrumental surveillance and to decide how often
it should be performed. The genotype-phenotype correlation can dictate differ-
ent approaches according to the genetic alteration. Mutational analyses are rec-
ommended for all patients with a family history or in whom there is clinical sus-
picion of PHEO [67].

Annual determinations of fractionated urinary and free plasma metane-
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phrines and catecholamines are strongly recommended beginning as early as age
5 or 10 years or at the time of thyroidectomy for patients at high risk of
pheochromocytoma (mutations at codons 609, 611, 618, 620, 630, 634, 790,
V804L, 883, 918, or 922), but can be started later and done less frequently in
other cases (609, 768, val804met, and 891) [19, 47].

Serum parathyroid hormone PTH and calcium, preferably ionized calcium,
are measured yearly (patients with a mutation at codon 634) or every 2–3 years
or more frequently if there is a family history of HPT (mutation at codon 609,
611, 618, 620, 790, and 791), while they can be omitted in patients with certain
mutations (768, val804met, and 891, 883, 918, or 922). [47]. Some authors
maintain that instrumental surveillance should be done every 3–5 years in
patients 15 years old and older, even in the absence of biochemical alterations
[47]. There is no unanimous consensus regarding the best instrumental investi-
gation, but the majority use CT.

In patients with HBOC, the lifetime population risk for ovarian cancer is 1 in
75, while a BRCA1 gene carrier has a 1 in 2 risk of developing the disease and
a BRCA2 gene carrier 1 in 5. Different studies have looked at the various modal-
ities for early detection of ovarian cancer, including pelvic ultrasound scanning
and serum screening for tumor markers. A major problem is that there is no
clearly recognized pre-malignant stage to target. None of the available methods
have been shown to detect disease at an earlier stage overall compared to ovari-
an cancer presenting with symptoms, although adequately powered studies are
lacking at present [21–25, 68]. Current screening recommendations include
annual or semi-annual transvaginal ultrasonography and CA 125 level beginning
at age 25–35 years. However, these procedures are not able to discover ovarian
cancer at a curable stage [24, 25].

The decision to undergo prophylactic BSO depends on a woman’s level of
concern about developing ovarian cancer, the perceived consequences of pro-
phylactic surgery, and the role of subsequent hormonal replacement. Risk-reduc-
ing BSO is more frequently employed, particularly when childbearing is com-
pleted and the woman is approaching menopause. When performed laparoscop-
ically, the acute morbidity of the procedure is modest, although the quality-of-
life consequences and long-term health risks of premature estrogen deprivation
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Table 17.4 HNPCC: surgical prevention vs. surveillance (from [67])

Endometrial cancer Ovarian cancer

Cancer occurring during follow-up 0% vs. 33% controls 0% vs. 5% controls

Age at prophylaxis (median) 41 41

Age at cancer diagnosis (median) 46 (range 30–69) 42 (range 31–48)

Diagnosis <35 years 4 (6%) 2 (17%)

Incidental diagnosis 0 3



have not been defined [21]. After BSO, the possibility of a primary peritoneal
carcinomatosis still remains in 2–11% of patients [69].

The risk of prostate cancer among men with predisposing mutations (BRCAl
and BRCA2) is high and pancreatic cancer may occur in BRCA2 mutation car-
riers [70]. Individuals at risk should also undergo screening for these malignan-
cies. While it is reasonable to initiate testing slightly earlier than in the general
population, there is no clear evidence that there is a predilection for these can-
cers to occur at a young age [68].

Our Experience

In the context of our scientific interest in hereditary colorectal cancer (FAP and
HNPCC), we reviewed our experience in treating FAP and HNPCC patients,
with particular attention paid to: (a) DNA-guided therapy for FAP, (b) the occur-
rence and treatment of FAP-related MPM, and (c) the occurrence and treatment
of HNPCC-related MPM.

“DNA-guided” Therapy

Between 1973 and 2007, 52 FAP patients were treated. The age range was 15–63
years, with a male-female ratio of 0.9. Three patients presented with cancer at
the time of diagnosis. All were operated on.

We divided our series into three groups with respect to the two main events
that contributed to modifying the surgical approach in FAP: the introduction of
IPAA in the 1980s and genetic analysis in the 1990s (Fig. 17.3).
Proctocolectomy with definitive ileostomy were all carried out during the first
referral period, before the arrival of molecular diagnosis. Alongside clinical and
instrumental data, genetics have assumed a relevant role in the choice of IRA vs.
IPAA. Between 1994 and 2007, the surgical choice was influenced by molecu-
lar analysis: 22 patients (ages 16–45 years, M:F ratio =2) underwent surgical
procedures that were based on the results of their genetic tests. The orientation
was mainly directed at IRA in AFAP and at IPAA in severe forms (mutations at
codons 1250-1444). (Fig. 17.4).

Occurrence and Treatment of FAP-related MPM

During follow-up, further therapy was necessary in 45 of the patients (23 IRA,
21 IPAA, 1 non restorative proctocolectomy. After IRA, only two patients under-
went proctectomy with definitive ileostomy for rectal stump cancer. Only one
pouch was removed for pelvic abscess.

The following extra-colic tumors were diagnosed: ileal carcinoma (1), thy-
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roid Hurtle’s cell adenoma (1), desmoids (5), osteomas (4), upper gastrointesti-
nal tract polyps (9). Two of the four patients with osteomas were operated on.
Six desmoids occurred in five patients (with a recurrence in one case).  All five
were female, age 17–42 years (average 25 years). In each of the five cases,
genetic tests revealed a mutation in the APC region at codon 1444. The patients
were members of two nuclear families whose history of FAP with desmoids was
3/5 (Fig. 17.5) and 2/2. Five of the desmoids were parietal (1 relapse) and one
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Fig. 17.3 FAP series: changes in surgical options following the adoption of IPAA in the
1980s (*) and mutational analysis in the 1990s (**)

Fig. 17.4 DNA-guided surgery in FAP: our experience



intra-abdominal and all occurred following colectomy. The main symptoms
were: abdominal pain, swelling (wall desmoids) and diffuse pain, weight loss,
and occlusive crises (one intra-abdominal). The therapy was surgical with the
removal of lesions in 83.3% of the cases (treatment of the parietal form was
always surgical with exeresis). In the patient with intra-abdominal occlusion, the
mass was unresectable. Neither post-operative morbidity nor mortality occurred,
and there was just one relapse 2 years after surgery. 

One patient underwent a total thyroidectomy for Hurtle’s cell adenoma and
an ileal resection for carcinoma. No patient with upper gastrointestinal polyps
was operated on and neither periampullary carcinoma, nor hepatoblastoma, nor
other rare extra-colonic tumors have been observed.

Occurrence and Treatment of HNPCC-related MPM 

Our experience with HNPCC is based on 24 surgically treated CRC patients (4
with simultaneous CRC) (Fig. 17.6). In subjects with mutated MMR genes but
healthy at endoscopy, no preventive colectomies were done, while two patients
at menopausal age received counseling and subsequently opted for prophylactic
hysteroadnexectomy at the same time as colectomy for CRC.
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Fig. 17.5 Parietal desmoid tumors in three FAP patients, all belonging at the same family



The following MPM were detected: five metachronous CRC (all patients had
already been operated on before mutational analysis) (Fig. 17.7). All extra-
colonic tumors arose after CRC and all were ovarian cancers (one peritoneal car-
cinomatosis) that required hysteroadnexectomy. 

Conclusions

The clinical implications of genetics in codified syndromes have in many cases
significantly influenced and recently modified the surgical approach (Table
17.5). Identification of affected patients at a young age and in pre-clinical stages
was the first clinical application of molecular analysis. In some pathologies
(FAP, MTC), genetic screening programs have led to a relevant reduction of
advanced cancers and significant prognostic improvement. The psycho-emotion-
al benefits have been important, as a good percentage of family members have
been freed from invasive and stressful diagnostic investigations. Moreover, the
overall benefits of the economic savings are significant, as useless diagnostic
exams for patients without genomic alterations can be avoided.
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Fig. 17.6 Two simultaneous colonic
cancers in a HNPCC patient



Prophylactic surgery (the removal of an organ before malignant transforma-
tion or with cancer in situ) has a relevant role for those diseases with biomolec-
ular alterations. Preventive colectomy and thyroidectomy for FAP and MEN2
represent the prototype of DNA-guided surgery. For HBOC and HNPCC, there
is no consensus, and prophylactic surgery therefore remains a valid option in
selected cases (e.g., patients with cancer phobia or who refuse periodic clinical
observations). 

The association of tumors in several organs requires rigorous patient surveil-
lance. The physician’s knowledge of specific genetic mutations can be applied
to design patient-specific therapy and follow-up. As our knowledge of biomole-
cular mechanisms continues to improve, chemoprevention to inhibit and/or limit
neoplastic proliferation will become an increasingly realistic therapeutic option.
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Fig. 17.7 HNPCC: en bloc resection
for metachronous adenocarcinoma
infiltrating the small bowel

Table 17.5 Clinical implications of genetics in hereditary neoplastic syndromes: epi-crisis

Syndrome Screening Prophylactic surgery MPM surveillance

FAP + + +

HNPCC + ± +

MEN1 + – ±

MEN 2 + + +

HBOC + ± +
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Chapter 18

Chemoprevention

Pietro Lombari, Gaetano Aurilio, Fernando De Vita, Giuseppe Catalano

Prevention represents an absolutely relevant area of oncology, its aim being to
prevent the onset of cancer and to reduce mortality. The goal is to re-balance the
factors that promote and inhibit carcinogenesis, including the countless exoge-
nous (environmental) and endogenous (genetic) mechanisms. In the field of pre-
vention, it is possible to distinguish four broad areas of research: primary pre-
vention, secondary prevention, tertiary prevention, and chemoprevention.

The first one addresses the healthy population and consists of eliminating or
reducing the exposure to risk factors. The second one deals with the early detec-
tion of preneoplastic lesions or of tumors in the preclinical stage. The third one
includes measures to reduce the morbidity associated with a developing neo-
plasm, as well as complications and relapses after initial treatment, but also the
development of multiple primary malignancies (MPM). The fourth area con-
cerns anticancer chemoprevention, i.e., pharmacological intervention by the
administration of chemically synthetic compounds or natural substances in order
to stop or reverse carcinogenesis and thereby prevent the development of inva-
sive tumors.

Cancer control must take into account two fundamental concepts: “multipha-
sic cancerogenesis” and “district cancerization.” The former refers to a chronic
process characterized by the accumulation of specific genetic and phenotypic
alterations that can exert their effects for more than 10–20 years following the
first initiating event. The latter concerns patients at high risk of epithelial cancer
who have a wide spectrum of cancerous tissue changes, diagnosed at either the
macroscopic (precancerous oral lesions, polyps), microscopic (metaplasia, dys-
plasia), or molecular (genes loss or amplification mechanisms) level [1]. These
patients will develop multiple epithelial neoplastic lesions, the clinical impor-
tance of which is confirmed by the pattern of multicentrality, a phenomenon fre-
quently observed in malignant tumors of the upper digestive tract, but also in the
colon, breast and skin.

Individuals at risk of developing tumors, especially those with a previous his-
tory of tumor development, are candidates for chemoprevention. In fact, it is
well-established that patients who have had a malignant neoplasm are at a two-
fold risk of developing a second neoplasm (compared to age-matched controls).
This review evaluates the role and potential of chemoprevention in the manage-
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ment of MPM, the drugs of interest, and the further risk factors for the develop-
ment of second tumors. Interesting correlations regarding subsequent tumor for-
mation comes out from several collections of case histories (Table 18.1).

In a recent trial involving 14,181 male cancer patients, 204 cases of MPM
were observed. Multivariate analysis showed that the development of MPM
(lung, esophagus, larynx, oral cavity, kidney, bladder, pancreas, liver cancer)
was significantly associated with antecedent tobacco use at first evidence of the
tumor (independent risk factor); obese patients (BMI ≥25 kg/m2) had a signifi-
cantly high relative risk (RR) for colorectal and urogenital MPM (bladder, kid-
ney, and prostate); patients with serum glucose ≥126 mg/dl had a higher RR for
tobacco-related and hepatopancreatobiliary MPM [2]. Moreover, it has been
demonstrated that high serum levels of insulin-like growth factor (IGF)-1 and its
binding protein IGFBP-3 are associated with an increased risk of developing
MPM. Thus a simple measurement suggests the need for closer monitoring [3].

Several studies have concluded that smoking and alcohol intake, continuing
after diagnosis of the first tumor, represent independent predictive factors for
developing MPM [4]. The relationship between the patient’s age at first diagno-
sis of cancer and the onset of MPM is another interesting aspect. In a study by
Gao et al., consisting of 20,074 patients with survival from laryngeal tumor of at
least 3 months, advanced age was associated with increased overall risk of MPM
(p = 0.0001) and very poor survival (p = 0.0001) [5]. In the presence of the
above-cited risk factors, some evidence suggests that genetic susceptibility con-
tributes to the development of MPM. An association between expression of the
gene encoding glutathione S-transferase polymorphism M1 and the development
of MPM has been shown in patients previously treated for early-stage head and
neck squamous cell carcinoma (HNSCC) [6]. The correlation between MPM and
previous testicular cancer must be noted as well. In this regard, Travis et al.
examined 40,576 testicular cancer patients from 1943 to 2001, identifying 2,285
cases of MPM. In particular, among 10-year survivors diagnosed for testicular
cancer at age 35 years, the risk of developing MPM increased (RR = 1.9, 95%
confidence interval = 1.8–2.1) and remained significantly high for 35 years (RR
= 1.7, 95% CI = 1.5–2.0; p <0.001). High-risk sites were the pleura (mesothe-
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Table 18.1 Risk factors for the development of multiple primary malignancies (MPM)

– Tobacco habit

– Alcohol consumption

– Obesity ≥25 kg/m2

– Glycemia ≥12 6mg/dl

– IGF-1 and IGFBP-3 concentrations

– Age at the time of first tumor diagnosis 

– Genetic susceptibility 



lioma, RR = 3.4, 95% CI = 1.7–5.9), bladder (RR 2.7, 95% CI = 2.2-3.1), pan-
creas (RR 3.6, 95% CI = 2.8–4.6), and stomach (RR = 4.0, 95% CI = 3.2–4.8).
It also should be underlined that an increased risk of MPM was observed in
patients treated with radiotherapy (RR = 2.0, 95% CI = 1.9–2.2), chemotherapy
(RR = 1.9, 95% CI = 1.3–2.5), or both (RR = 2.9, 95% CI = 1.9–4.2) [7].

Numerous chemopreventative agents are potentially effective in the treat-
ment of premalignant and malignant lesions (Table 18.2). Epidemiological stud-
ies showing a correlation between vitamin A (the first essential nutrient identi-
fied, in 1913) consumption and the impact of cancer date from 1970, this find-
ing is particularly relevant for lung cancer. Retinoids are natural derivatives and
synthetic analogues of vitamin A. One member of the carotenoid class,
β-carotene, was and still is one of the most intensively studied agents in chemo-
prevention, either alone or in combination with other such drugs.

Phase I–II trials provide useful information about the toxicity, feasibility, and
potential activity of chemopreventative biomolecules. Nevertheless, for a strict
evaluation of effectiveness, randomized phase III studies are clearly necessary.
This is especially true for the analysis of intermediate targets, as the results are
very difficult to interpret and may not be reliable in uncontrolled studies. Such
targets include genetic markers (micronuclei, ploidy and DNA content, chromo-
somes, oncogenes and suppressor genes), markers of differentiation (epider-
moids and blood-group antigens), and markers of proliferation (nuclear prolifer-
ation antigens, thymidine index, nuclear receptors for retinoid acid, and the epi-
dermal growth factor and transforming growth factor-β receptors). The system-
atic use of these markers must take into account their specificity for canceroge-
nesis, qualitative and quantitative correlation with degree of disease progression,
measurable on very small samples, and modulated by the substance used for pre-
vention. Assays that are based on these markers provide fast answers, in contrast
to the long-term outcomes of classical clinical studies.
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Table 18.2 Potential agents in chemoprevention

Vitamin A and Antioxidants Antihormones NSAIDs Micronutrients
retinoids

Retinol β-Carotene Tamoxifen Sulindac Calcium

Retinyl Vitamin C Raloxifene Piroxicam Selenium
palmitate

Retinal Vitamin E Finasteride Acetylsalicylic Zinc
acid

Fenretinide N-acetyl-cysteine Aromatase Selective –
inhibitors inhibitors of COX-2

13-cis-retinoic acid



During the last 10 years, our knowledge of the mechanism of action of
retinoids has significantly increased, but this is not the case for carotenoids,
which require further study.

Retinoids have been evaluated for their role in chemoprevention, especially
in preclinical models in which the regulation of cell growth, differentiation, and
apoptosis by these agents was examined. They act primarily at the level of post-
initiation of tumor promotion and progression, which are the most relevant
stages for chemoprevention. The mechanism of action of retinoids is similar to
that of steroids and thyroid hormones. In fact, retinoid nuclear receptors are
members of the steroid receptor superfamily, although they exhibit distinctive
features. There are two receptor classes, retinoic acid receptors (RARs) and
retinoid X receptor (RXRs). Each receptor contains α, β, and γ subtypes and
many of the members of these subclasses have multiple isoforms. Retinoid
receptors are DNA-binding transcription factors; they can activate or suppress
the expression of many genes, the products of which mediate the effects of
retinoids on cell growth, differentiation, and apoptosis. Different retinoids bind
several classes and subclasses of receptors with variable affinities. This receptor
complexity and diversity in ligand-binding, activation, and receptor function
have important implications in prevention and therapy. Retinoid receptors are
active only as dimers, and two types have been identified: RAR/RXR het-
erodimers and RXR/RXR homodimers. One part of the retinoid receptor binds
to the ligand and the other to specific DNA sequences (RARE or RXRE), result-
ing in gene suppression or transcription (Tables 18.3, 18.4).

Carotenoids play a role in the prevention of photosensitization and some of
them have well-characterized provitamin A activity. However, the mechanisms
behind many of the biological actions of carotenoids, such as antioxidant activ-
ity, immunoenhancement, inhibition of mutagenesis, transformation, and regres-
sion of premalignant lesions are still far from clear. Some of these effects,
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Table 18.3 Retinoid receptors

RAR receptors for all-trans retinoic acid RXR receptors for 9-cis retinoic acid

RARα RXRα

RARβ RXRβ

RARγ RXRγ

Table 18.4 Receptor domains

– DNA-binding domain

– Hormone-binding domain

– Heterodimerization-binding domain

– One or more transcription-activating domains



including regression of premalignant lesions, are shared with those of retinoid.
Since the cleavage products from carotenoids have retinoid-like activity, there
may well be a functionally interacting network based on structural-molecular
sharing. The antioxidant activity of carotenoids as their mechanism of preven-
tion has been discussed for many years. While there is now clear evidence of
chemopreventative efficacy of β-carotene in some animal models of carcinogen-
esis, it is not yet clear whether antioxidant activity is responsible for the chemo-
protective effects observed in vivo.

The chemopreventative effects of retinoids, carotenoids, and micronutrients
with respect to tumors of the head and neck, lung, digestive system, skin, breast,
bladder, prostate, uterus and cervix are under intensive investigation. Although
many of these substances prevent or to reverse carcinogenesis and to modulate
epithelial cell differentiation, especially in precancerous oral lesions, studies
evaluating the impact of chemoprevention in MPM have not yielded analogous-
ly favorable results. This apparent dichotomy suggests that several factors,
including patient selection, habits such as smoking or alcohol intake, tumor site,
histopathological characteristics of the tumor, and the choice, dose, duration,
and beginning of administration of chemopreventative drugs, play a decisive role
in determining the effectiveness of these agents.

Of the several trials addressing MPM chemoprevention with results reported
in the literature, the most considerable scientific evidence has been gathered for
head and neck, lung, breast, skin and bladder cancers (Table 18.5). About
40–50% of HNSCC are diagnosed at stage I or II. Even if these patients have a
good prognosis, the benefit of treatment, usually surgery, is often compromised
by the occurrence of MPM, which develop in 15–20% of patients during the first
5 years after diagnosis, usually following cancers of the aero/upper digestive
tract and usually associated with chronic exposure to alcohol and tobacco. Even
if long-term survival is moderately improved, the main cause of morbidity and
mortality in patients already treated for early-stage HNSCC is the development
of second tumors. Accordingly, during the last 20 years, remarkable efforts have
been aimed at determining whether chemopreventative agents, such as retinoids
and antioxidants, can reduce the risk of new tumors.

In 1990, results of the first randomized phase III trial were published. In that
study, 103 patients disease-free after primary treatment for squamous cell can-
cers of the larynx, pharynx, or oral cavity were randomized to receive
isotretinoin (50–100 mg/day) or placebo for 12 months. The MPM rate was sig-
nificantly lower in the arm with high-dose retinoids than in the placebo arm (p
= 0.005). Although severely limited by the small sample size, and thus a very
low statistical power, this is one of the few studies to report positive findings [8].
In fact, from 1994 to 2006, randomized trials with wider samples have not con-
firmed that study’s conclusions.

In 1994, a multicentric double-blind randomized trial involving 316 patients
demonstrated that, compared to placebo, etretinate, a second-generation
retinoid, did not prevent the development of MPM in patients treated for squa-
mous cell carcinoma of the oral cavity and oropharynx [9]. Following that result,
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the EUROSCAN trial evaluated the prophylactic role of vitamin A and N-acetyl-
cysteine in 2,592 patients treated with curative aim for head and neck cancer or
lung cancer. After 2 years of administration of retinol or antioxidant, no signifi-
cant benefit in overall survival, event-free survival, or MPM prevention was
noted. Moreover, paradoxically, there was a lower impact of MPM in the arm
without treatment [10]. Likewise, in the series of Mayne et al., consisting of 264
patients administered β-carotene vs. placebo, a not significant benefit on head
and neck MPM, but a possible increase in the risk of lung tumors was observed
[11]. Another discouraging finding is the increased incidence of MPM in
patients treated with α-tocopherol, which could imply that supplementation with
antioxidants accelerates neoplastic progression [12].

Recently, a study of 1,190 patients treated for stage I–II HNSCC and ran-
domized to receive low doses of isotretinoin (30 mg/day) vs. placebo for 3 years
did not show a reduction in MPM (HR = 1.06) or increased survival in the
isotretinoin arm. The MPM onset sites were, in order of occurrence, lung, oral
cavity, larynx, pharynx, and esophagus, according to the usual presentation. The
statistically significant increase in MPM and death in smokers compared to peo-
ple who never smoked implicates tobacco habit as an important risk factor [13].

The results have also been disappointing for lung cancer. In patients with
stage I disease whose tumors were resected, relapses of the primary tumor
occurred in 20–30%, MPM was diagnosed in 10–20%, no benefits for chemo-
prevention in inhibiting MPM could be established whatsoever.

The authors of the ATBC Finnish trial followed 29,133 male smokers
between the ages of 50 and 69 years. A 2 × 2 factorial design was used and par-
ticipants were randomized to receive β-carotene (20 mg/day), α-tocopherol (50
mg/day), a combination of both, or placebo, for 5–8 years. Unexpectedly, partic-
ipants receiving β-carotene (alone or with α-tocopherol) showed a statistically
significant increase in the incidence of lung cancer, equal to 18% (RR 1.18; 95%
CI 1.03–1.36) and an increase of 8% in total mortality (RR 1.08; 95% CI
1.01–1.16). Interesting observations emerged from this trial regarding vitamin E
and prostate cancer. Participants who received α-tocopherol showed a reduction
in the incidence of prostate cancer equal to a 32 and 41% decrease in cancer-
related mortality. By contrast, among the subjects who received β-carotene, the
incidences of mortality and prostate cancer were, respectively, 15 and 23% high-
er than in subjects who did not receive this treatment [14].

The CARET trial evaluated 18,314 smokers and workers exposed to
asbestos. These subjects were randomized to receive β-carotene (30 mg/day)
plus retinol (25000 IU/day) or placebo. However, the study was precociously
closed, because preliminary analysis indicated that those in the β-carotene and
retinol arm had an increased incidence of second lung tumors [15].

The “Lung Intergroup Trial” examined 1,166 patients with stage I non-small-
cell lung cancer (NSCLC) who were treated with definitive surgery. Patients
were randomized to receive isotretinoin (30 mg/day) or placebo. After a median
follow-up of 3.5 years, there were no statistically significant differences between
the two arms regarding MPM, the primary endpoint. No relationship between
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MPM and tobacco use or relapses or mortality was found [16].
The era of chemoprevention in the treatment of breast cancer historically

began in 1998, when tamoxifen, a first-generation selective estrogen receptor
modulator, became the first drug approved by the FDA for breast cancer preven-
tion. Approval was granted on the basis of the BCPT trial results, which showed
that the drug reduced the incidence of breast cancer by 49% in women at
increased risk. Raloxifen, a second-generation selective estrogen receptor mod-
ulator (SERM), was compared to tamoxifen in a large randomized trial (STAR
TRIAL) and showed equal efficacy in breast cancer risk reduction, but without
a clear effect on endometrial cancer [17]. Likewise, the aromatase inhibitors
have been shown to reduce the incidence of contralateral breast cancer in the
adjuvant setting; their efficacy is under investigation.

Veronesi et al. evaluated 1,739 patients with early breast cancer who were
randomized to receive oral fenretinide (a synthetic derivative of trans-retinic
acid) at a dose of 200 mg/day for 5 years (872 patients) or no treatment (867
patients). With a median follow-up of 14.6 years, the results showed a statisti-
cally significant lasting reduction in the incidence of breast MPM. Stratifying
the analysis for menopause, a statistically significant reduction of breast MPM
of 38% in premenopausal women was demonstrated, and the protective effect
persisted for over 15 years, until 10 years after the interruption of retinoid
administration. Such effects in premenopausal women could be related to a
reduction in the number of breast cells at risk of transformation and/or to a hor-
mone-mediated mechanism. Compared to tamoxifen, which inhibits only ER-
positive tumors, fenretinide induces apoptosis in breast cancer cell lines, either
ER-positive or ER-negative, although it is more effective in the former. Since in
that study fenretinide reduced the incidence of MPM in premenopausal women,
independent of the expression of hormonal receptors, the benefits of its use in
combination with a SERM seem intuitive [18].

A study published this year on 1,792 patients with unilateral (1,158) and con-
tralateral (634) breast MPM evidenced a statistically significant association
between chemotherapy and a reduction in the risk of contralateral breast cancer.
The effect was observed for more than 10 years after diagnosis of the first breast
cancer, and the association was stronger in women who entered menopause
within one year after diagnosis of the first breast tumor (RR = 0.28, 95% CI =
0.11–0.76). Moreover, the use of tamoxifen compared to non-use was associat-
ed with a reduction of contralateral breast cancer risk (RR = 0.66, 95% CI =
0.5–0.88). The association was statistically significant for 5 years after first
diagnosis of the tumor [19].

Fenretinide inhibits breast carcinogenesis in animal models. It selectively
accumulates in human breast tissue and can induce apoptosis in vitro, with a
favorable toxicity profile in clinical studies.

In the treatment of skin cancer, several large randomized phase III trials
assessing the preventative effects of retinoids have been carried out. Trials of
low-dose 13cRA (10 mg/day) and retinol (25,000 IU/day) or 13cRA (5–10
mg/day) vs. placebo in patients with previous skin cancer did not show chemo-
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preventative effect [20, 21]. A third trial, in which retinol was administered to
patients with previous actinic keratoses, highlighted a significant reduction in
squamous but not in basal cell carcinoma [22]. These contrasting results suggest
the need for further analysis on the dose, optimal timing of administration, and
appropriate histopathological target of retinoid.

Selenium is another molecule under investigation in the prevention of skin
MPM. Clark et al. examined 1,312 patients with a history of non-melanoma skin
cancer. Subjects were randomized to receive 200 μg/day of selenium or placebo.
Selenium supplementation did not influence the incidence of skin MPM (RR =
1.10 for basal cell carcinoma; 1.14 for squamous cell carcinoma) but there was a
significant reduction in total mortality (RR 0.50; 95 % CI, 0.31–0.80), connected
mainly to reductions in the incidence of lung, colorectal, and prostate cancers
[23]. The same study, examined with a longer follow-up by Duffield-Lillico et al.,
showed that supplementation with selenium was ineffective in preventing
basalioma and significantly increased the risk of squamous cell carcinoma risk
(HR 1.25) and the global risk of non-melanoma skin cancer (HR 1.17) [24].

Epidemiologic studies and data obtained in vitro and in vivo have suggested
the efficacy of retinoids in the prevention of bladder cancer. Three randomized
trials evaluated the use of the retinoid etretinate in patients who underwent
resection of a superficial (noninvasive) bladder tumor. Relapses were observed
in 40–90% of the patients and all patients experienced mucocutaneous toxicity
[25–27]. In two of these three trials, prolonged low-dose etretinate (25 mg/day)
was effective. These promising results must be interpreted with caution because
of the small number of patients and the short follow-up.

Great emphasis is currently being placed on the role of non-steroid anti-
inflammatory drugs (NSAIDS) in the treatment of colorectal tumors, especially
regarding secondary prevention. In experiments performed on mice genetically
modified mice so that they exhibited familiar adenomatous polyposis (FAP)-like
disease, NSAIDS were shown to reduce the incidence and relapses of colorectal
adenomas. In particular, prolonged use of sulindac seemed to be effective in
polyps regression and in preventing relapses of high-grade adenomas in patients
with ileorectal anastomosis after total colectomy for FAP [28]. In FAP manage-
ment, with extension to gastric and duodenal polyposis, chemoprevention with
NSAIDS can be considered after initial prophylactic surgery, supporting endo-
scopic surveillance by reducing the number and/or dimensions of polyps.
Therefore, the use of either sulindac or acetyl-salicylic acid may be associated
with a reduction in the number of polyps but there are no indications for their
role in the therapy of malignant neoplastic lesions [29].

Many of the chemopreventative agents examined thus far act by modulating
cell proliferation or differentiation through a cytostatic effect, stopping or
retarding the progression of transformed cells. For this reason, they should be
administered over a long period of time; however, both toxicity and resistance,
which are often non-predictable, may well be associated with long-term use.
These are the principal obstacles that may limit the use and the success of
chemopreventative agents. An alternative may be substances that induce apopto-
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sis rather than intervene in proliferation and/or differentiation. This would avoid
chronic exposure and limit both the risk of long-term toxicity and the develop-
ment of chemoresistance [30]. Based on this assumption, several chemopreven-
tative molecules are currently in the preclinical phase of testing (Table 18.6).

In conclusion, with the exception of the role of tamoxifen in breast cancer
and sporadic reports on effective chemoprevention of other tumors (vitamin E
and prostate cancer, and retinol and squamous cell skin cancer), chemopreven-
tion is not yet an effective therapy for MPM in routine clinical practice. In our
opinion, candidates for chemoprevention studies must be patients who are at
high risk of developing second tumors.

Progress in scientific research, through molecular studies, will eventually
lead to the identification of specific targets for chemoprevention agents. This
will no doubt be accompanied by a shift from cytotoxic agents (chemotherapy)
to biological drugs (target therapy); that is, the transition from empirical exper-
imentation with a single agent to treat various tumors to the identification of
selective tissue targets (chemoprevention target). Some examples are provided
by the potential use of gefitinib, a selective inhibitor of the tyrosine kinase activ-
ity of the epidermal growth factor receptor, and tipifarnib, which inhibits farne-
syltransferase. Both drugs prevent the progression of premalignant lung lesions
in patients with a history of tobacco-related cancer. Similar developments and
investments in clinical and basic research will constitute the hub of the future of
chemoprevention.
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Table 18.6 Chemopreventative agents inducing apoptosis in malignant and premalignant
cells in vitro

Class/agent Cells in vitro

Retinoids
Trans-retinoic acid Breast cancer
N-(4-hydroxyphenyl) retinamide Squamous cell skin, cervical and prostate cancer

Nonsteroidal antinflammatory drugs (NSAIDs)
Acetylsalicylic acid Gastric cancer
Sulindac Hepatocarcinoma, prostate and colorectal cancer
Celecoxib Prostate cancer

Polyphenols
Resveratrol Colorectal cancer
Epigallocatechin gallate Prostate and skin cancer

Anti-estrogens
Tamoxifen Breast cancer

Rotenoids
Deguelin Colorectal and squamous cell skin cancer
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Conclusions

Andrea Renda

This monograph has analyzed many aspects of multiple primary malignancies
(MPM) and several interesting conclusions concerning the epidemiology, guide-
lines, diagnosis, therapy, and legal issues have been drawn, even if definitive
data are not yet available on every aspect of this problem.

Scientific interest in MPM is steadily increasing. On the one hand, the sur-
vival of cancer patients has improved as a result of therapeutic advances, but on
the other, drug toxicity and prolonged exposure to risk factors has resulted in the
possibility to develop a second primary cancer. 

MPM are certainly underestimated because of the difficulty in obtaining
exact information on each patient and the absence of up-to-date tumor registries
in many countries and/or regions. However, nowadays, the overall incidence of
MPM can be assessed at 10–15% of all malignant tumors. While a certain frac-
tion of cancers would be expected to arise at the same rate as in the general pop-
ulation, the patterns of excess risk that have emerged are sufficiently distinctive
to suggest certain factors that are shared by the primary and subsequent tumors,
as well as effects of therapies that are potentially carcinogenic. In survivors who
have changed their high-risk behaviors, the incidence of second cancers decreas-
es, testifying to the importance of behavioral research, educational programs,
and lifestyle changes. If 30-year follow-up series were available for several
tumors, the data would no doubt show that one in three patients is at risk of
developing a second cancer.

A distinction must be drawn between inherited codified syndromes and “spo-
radic” ones. In some organs (colon-rectum, breast) hereditary tumors are rela-
tively frequent (∼15%) and specific syndromes have been described. The genes
involved in such diseases have been identified and cloned and their mechanisms
of cancer induction have been clarified. In some cases, genetic data have great-
ly influenced clinical decision-making, in terms of screening, DNA-guided ther-
apy, and surveillance programs. Mutational analyses can identify subjects at risk
and prophylactic surgery is routinely adopted in familial adenomatous polyposis
(FAP) and multiple endocrine neoplasia (MEN) 2A. For these syndromes, there
are specific guidelines for each step of the clinical approach (screening, therapy,
surveillance), allowing MPM in these patients to be foreseen. Based on geno-
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type-phenotype correlations, patients at higher risk of developing dangerous
alterations can be intensively followed and chemoprevention or other preventive
therapies provided.

Some patients cured of a primary tumor have a high predisposition to devel-
op a neoplasm in another body region. Many factors concur to yield multiple
carcinogenesis, including prolonged exposure to radiation, lifestyle, endocrine
correlations, virus and immunologic disorders. Yet, while these are recognized
causes of cancer, their mechanisms of action remain to be fully analyzed.

Currently, some primary tumors are more likely to be “index tumors,” i.e.,
they have a strict correlation with the onset of MPM. Some associations are so
frequent that causality is obvious, as there is more than a simple statistical cor-
relation; for instance, colorectal primary tumors with endocrine or urogenital
neoplasm, and esophageal tumors and primary airways cancer. Such patients
must be carefully followed. The literature has begun to report changes to tradi-
tional approaches, such as upper gastrointestinal UGI endoscopy, which is rou-
tinely suggested in the diagnosis of upper-airway tumors. Patients who have
been treated with chemo- and/or radiotherapy have a significant predisposition
to leukemia, lymphoma, or solid tumors and need to be followed with personal-
ized surveillance programs.

There are no laboratory tests or imaging techniques able and specific enough
to diagnose or predict MPM. A single, simple, inexpensive, robust, and reliable
test to detect one or more neoplasms is desirable but remains elusive. As we have
seen, the future of cancer prognosis will probably rely on a small panel of six to
ten markers that allow accurate molecular staging to determine the likelihood of
metastases, the involvement of the new neoplasia, and the best treatment
response. We are rapidly approaching a time when the use of proper biomarkers
will help to detect cancer and to monitor and manage progression of the disease.

Data collected for the gastrointestinal tract demonstrates the enormous
potential of advanced endoscopy methods (chromoendoscopy, magnifying
endoscopy, computed virtual chromoendoscopy, confocal laser endoscopy) as
staging tools in the management of patients with suspected digestive-tract dys-
plasia or early cancer. These techniques increase the detection rate of diminutive
or flat lesions and enhance the diagnosis and characterization of some mucosal
lesions. Their role in the routine surveillance of patients with previously diag-
nosed primary malignancies (especially of the digestive tract) is very important
and remains essential for reliability and accuracy.

As there is not yet a single ideal radiological examination that specifically
detects synchronous cancers, a personalized diagnostic approach for each patient
is needed. In this regard, the new imaging techniques (CT-PET, MRI-PET),
especially, in combination with metabolic studies, can significantly increase
specificity, sensitivity, and accuracy. 

Once the etiopathogenesis is clear, the clinical approach may need to be dras-
tically changed, as was shown for the inherited syndromes. To remove an organ
before malignant transformation or development of a “cancer in situ” is a ration-
al approach to treatment and prevention. Prophylactic surgery in hereditary
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forms of MPM is an example – and a consideration for some “sporadic” tumors
as well. For now, its use is restricted to those diseases with biomolecular alter-
ations. Preventive colectomy and thyroidectomy for FAP and MEN2 represent
the prototype of “DNA-guided” surgery, while for other cancers (HBOC and
HNPCC) there is no unanimous consensus but it remains a valid option in select-
ed cases. In HNPCC, preventive hysteroannexectomy can be suggested in
women aged >50 or in youngsters who do not wish further pregnancies.

The association of tumors in several organs requires rigorous surveillance.
Knowledge of specific genetic mutations can be applied to design personalized
schemes, thereby sparing patients useless investigations. Ultimately, knowledge
of the biomolecular mechanisms behind tumor formation will lead to the adop-
tion of chemoprevention to inhibit and/or limit neoplastic proliferation.

Medical care based on specific guidelines and genetics will also greatly mod-
ify clinical approaches, with subsequent ethical, legal, and psychological impli-
cations. Surgeons must actively participate in and be informed of emerging tech-
nologies since the management of specific problems will be greatly changed by
this new knowledge and will challenge the existing dogma. 

Likewise, physicians should quickly adopt and be thoroughly familiar with
revised guidelines so as to avoid omissions or mistakes in caring for patients at
risk of MPM. The introduction of molecular diagnostic tests into clinical prac-
tice to identify patients with inherited tumors who are at risk will bring many
advantages, but is fraught with ethical and medicolegal problems, of relevant
interest to physician and patient. Obviously the emergence of technologies that
allow genetic evaluation makes it indispensable that the patient provides
informed consent, but only after extensive and accurate discussions and
equipped with written documentation of the risks, benefits, and limitations of the
test. Such documentation must be one of the first acts of the consultation
between the parties and, above all, serve as an informative instrument for the
patient. Briefly, the informed consent must include: a description of the objec-
tives of the test, the significance of a positive or negative test, a valuation of the
risks of the illness, and the possibility that the test may not be informative.
Moreover, the confidentiality of the test is indispensable to avoid discrimination
at work and abuse by insurers. The patient must be informed about all possible
medical options and the importance of surveillance and prevention in case of a
positive test. Finally, it is necessary to inform individuals in whom the test is
negative that they carry the same risk as the general population of contracting a
sporadic tumor. An incorrect diagnosis can cause grave damage. A false-positive
result wrongly exposes the patient to the sequelae of an unnecessary prophylac-
tic operation, including its side effects. A false negative result may dissuade a
person from undertaking a preventive program and/or complimentary treat-
ments. In fact, in the USA, law suits have been brought in cases of diagnostic
errors regarding hereditary diseases and for improper mastectomies.

Research may lead to the recognition of new syndromes and tumor types, and
thus modify the Diagnostic Related Groups (DRG), which currently addresses
MPM only superficially. Revisions of traditional staging systems and other diag-
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nostic classifications are likely as well. A more careful codification could
improve the dissemination of information about MPM, facilitate epidemiologi-
cal evaluation, and perhaps alter the nature and quality of health services. 

While many of the concepts discussed herein are based on assumptions,
nonetheless, one of our tasks is to stimulate researchers to improve their knowl-
edge about MPM. A greater effort is required to improve the collection of data
by involving not only tumor registries and clinical specialists but also general
practitioners. The identification of different patient groups will allow compar-
isons of experiences and of patients with diverse prognostic implications. Large
series or Regional and National Tumor Registries could participate in highlight-
ing the associations of particular parameters that for better or worse influence
survival.
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