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Cancer Treatment and Research

Foreword

Where do you begin to look for a recent, authoritative article on the diagnosis
or management of a particular malignancy? The few general oncology textbooks
are generally out of date. Single papers in specialized journals are informative but
seldom comprehensive; these are more often preliminary reports on a very limited
number of patients. Certain general journals frequently publish good indepth
reviews of cancer topics, and published symposium lectures are often the best
overviews available. Unfortunately, these reviews and supplements appear spo-
radically, and the reader can never be sure when a topic of special interest will
be covered.

Cancer Treatment and Research is a series of authoritative volumes which aim
to meet this need. It is an attempt to establish a critical mass of oncology literature
covering virtually all oncology topics, revised frequently to keep the coverage up to
date, easily available on a single library shelf or by a single personal subscription.

We have approached the problem in the following fashion. First, by dividing
the oncology literature into specific subdivisions such as lung cancer, genitourina-
ry cancer, pediatric oncology, etc. Second, by asking eminent authorities in each
of these areas to edit a volume on the specific topic on an annual or biannual
basis. Each topic and tumor type is covered in a volume appearing frequently and
predictably, discussing current diagnosis, staging, markers, all forms of treatment
modalities, basic biology, and more.

In Cancer Treatment and Research, we have an outstanding group of editors,
each having made a major commitment to bring to this neéw series the very best
literature in his of her field. Martinus Nijhoff Publishers has made an equally
major commitment to the rapid publication of high quality books, and world-
wide distribution.

Where can you go find quickly a recent authoritative article on any major
oncology problem? We hope that Cancer Treatment and Research provides an
answer.

WiLLiaM L. McGUIRE
Series Editor
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Preface

Cancers of the head and neck are among the most morbid of cancers. Convention-
al surgery and/or radiation therapy have a high cure rate for patients with early
stage disease. However, despite optimal treatment with surgery and radiotherapy,
patients with nodal spread or extensive local disease have a low cure rate. Even
if a cancer is cured, a patient is often left with long-term debilities from the
treatment and/or cancer. The major causes for decreased survival in patients with
advanced head and neck cancer include local recurrence, distant metastases, and
second primaries. All of these need to be addressed if one is to improve upon the
curability of advanced disease.

There are several new techniques, surgical and radiotherapeutic, designed to
improve local control. Brachytherapy, or interstitial implantation, delivers a high
dose of localized radiation with minimal normal tissue injury. This technique as
discussed by Goffinet, may be even more efficacious when combined with
hyperthermia. New, creative methods of radiation therapy delivery, such as the
use of multiple fractions per day, as discussed by Parsons and Million, are also
contributing to long-term local control. Laser therapy, discussed by Ossoff and
Nemeroff, provides another tool for treatment of local disease.

In order to achieve an optimal treatment plan, the head an neck surgeon needs
as much information as possible concerning the local extent of disease and
prognostic factors which may influence outcome. Nuclear magnetic resonance,
as discussed by Helsper, Bradley and Kortman, vastly improves the ability to
evaluate the spread of disease. We must also seek to identify prognostic factors,
such as extracapsular spread, as noted by Johnson and Myers, which change the
prognosis and may alter our treatment plan.

In attempts to improve curability, chemotherapy has been added to combined
modality programs. Although pilot studies have been encouraging, randomized
trials have not yet confirmed a role for chemotherapy. However, some large trials,
such as the Head and Neck Contracts Group, have suggested future directions
for the use of the chemotherapy. The effectiveness of chemotherapy is in part
dependent on the drug selection, dose, and timing of chemotherapy. Dr. Al-Sar-
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raf addresses the issue of timing of chemotherapy as part of multimodality
treatment in this volume.

Biologic modifiers and immunotherapy may in the future play a role in the
control of this disease. Dr. Schuller addresses the role of the cervical lymphatic
system in the immunologic reaction to cancer and the future of immunotherapy
in the treatment of this disease. Biologic modifiers, such as interferon, are just
beginning to be tested in head and neck cancer, and Connors and Jacobs describe
their experience and that of others in the treatment of nasopharnx cancer.

For all head and neck oncologists, the goal of treatment is to eliminate the
cancer, but with the least complex procedure and the best cosmetic and functional
result. There are many innovative and creative new techniques geared to improve
the quality of life for head and neck cancer patients. Dr. Cummings’ chapter in
this volume discusses the various procedures for mandibular reconstruction which
afford optimal cosmesis while best maintaining the functions of mastication and
articulation. The question of the necessity for a radical neck dissection continues
to be debated, and Dr. Myers discusses those situations in which a modified neck
dissection is appropriate. There are increased numbers of techniques for conser-
vation laryngeal surgery, and Drs. Bailey and Stiernberg discuss the indications
and results of these procedures. Innovative techniques in head and neck surgery
increase patient options, but each case must be individualized.

Of course, it would be ideal to prevent head and neck cancer so that the above
issues do not need to be addressed. Retinoids have been utilized to treat preneo-
plastic lesions, and Drs. Lotan, Stimson, Schantz and Hong discuss their poten-
tial role in chemoprevention.

The head and neck surgeon, radiotherapist and oncologist primarily treat
squamous cell cancers, but increasingly are called upon the manage other cancers
of the head and neck. The management of rhabdomyosarcoma has changed
substantially in the last few yeras with improvement in the previously dismal
prognosis. These advances are a result of the multimodality treatment of a large
reserach group. New information concerning the etiology, evaluation, histologic
subtypes and recommended treatment of rhabdomyosarcoma is presented in this
volume by Drs. Wharam and Maurer. Likewise, the head and neck surgeon is
often called upon to manage cutaneous melanomas, and there have been many
advances in knowledge of the epidemiology, differential diagnosis, staging, and
treatment as discussed by Drs. Fisher, Gillespie, Seigler, and Crocker. The head
and neck surgeon may be first to evaluate a patient with a head and neck
lymphoma, and it is imperative to understand the new staging systems and therapy
for this disease.

Many of the innovative approaches in head and neck cancer will come from
the laboratory or from pilot studies. However, randomized trials will be necessary
to establish the superiority of any new approach over standard therapy. For
combined modality programs, it is crucial to have a closely coordinated team of
surgeons, radiation therapists, and oncologists. There are many biostatical pitfalls
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in the design and analysis of head and neck clinical trials, and Dr. Makuch and
Johnson discuss methods to avoid these.

This current volume of head and neck oncology demonstrates marked progress
in the treatment of head and neck cancer. There are several new, exciting
approaches on the threshold of development. The current status of our manage-
ment of this disease continues to serve as a stimulus for basic science and clinical
research.

Charlotte Jacobs
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1. Mandibular reconstruction in the surgical
management of head and neck tumors

CHARLES W. CUMMINGS

Introduction

Tumor invasion of the mandible presents a virtual mandate for resection of the
involved bone. These patients confront the head and neck surgeon with a taxing
problem which requires careful assessment of the individual case and the selection
of a reconstructive method from a host of options. Removal of the mandible
increases the complexity of reconstruction, not only from the standpoint of
cosmetic restitution but, in addition, and more importantly, restoration of the
essential functions of mastication, alimentation, and articulation. The T-4 oral
cavity lesions addressed here are entwined in a complex web of problems. Almost
predictably, abuses of smoking and alcohol contribute to the medical and social
disturbance. Frequently there is a poor social situation, such as a fragmented
home, unemployment, or an absent support group. Suboptimal medical status is
to be inspected, along with poor dental hygiene. Other major medical disorders
frequently associated with oral cavity cancer include peripheral vascular disease,
renal and hepatic disease, in addition to general inanition and malnutrition.

Another problem associated with management of tumors that involve the
mandible is that surgery is only one of the components which comprise contempo-
rary therapeutic management. Sequencing of the three major modalities (surgery,
chemotherapy and radiation therapy) is being evaluated so as to establish the most
beneficial order of delivery.

The goals of surgical management in the T-4 oral cavity tumor are straightfor-
ward. Primary, of course, is the elimination of tumor using the least complex
surgical procedure, and, additionally, the fewest number of surgical procedures
(if reconstruction is to be a staged event). Further, the surgeon is concerned with
restoration of cosmesis, mandibular function, and dental competency.

The workup involved in T-4 carcinomas of the oral cavity is centered primarily
about the imaging process. Initially, of course, a Panorex mandibular film and
occlusal views are helpful if the tumor approximates the mandibular cortex and
involves the periosteum. A Tcgg MDP bone scan may be used to document early

C. Jacobs (ed) Cancers of the head and neck.
© 1987, Martinus Nijhoff Publishers, Boston. ISBN-13: 978-1-4612-9208-1



stage mandibular involvement as evidenced by an increase in uptake of the
radioactive material but is subject to false positive interpretation. Computerized
tomography plays an ever-increasing role in the staging process. In fact, some
head and neck surgeons now prefer the CT scan to the exclusion of more routine
radiological studies.

Every patient with oral cavity cancer should have the benefit of laryngoscopy,
bronchoscopy, and esophagoscopy at the time of the initial clinical staging. The
reason for this is the high association with synchronous second primary tumors
which might alter significantly the surgical approach to the initial presenting
tumor.

Surgical treatment: general concepts

There are some general concepts which apply to the surgical reconstruction of the

involved mandible regardless of the specific procedure employed, and it is

important to highlight these tenets prior to discussion of more specific methods
of reconstruction.

1. Free bone grafts which are not vascularized or do not have an accompanying
vascular pedicle take longer to establish continuity with the residual segments
of the mandible. The process of reabsorption and deposition of new osteoid
material is a dynamic one which occurs only in the presence of a viable
periosteum and adequate vascular perfusion. Establishment of this environ-
ment takes several months.

2. It is also well established that intraoral contamination represents a true hazard
to the successful outcome of free bone graft. In fact, contamination by saliva
almost invariably results in failure of a devascularized graft. This is not the
case with a vacularized bony segment. Grafts that bring with them an indepen-
dent blood supply tend to heal more rapidly, as a fracture does.

3. It is also apparent, clinically, that the use of particulate marrow and cortical
bone which is harvested from the iliac crest region enhances the establishment
of new bone in devascularized bone grafts or alloplastic devices.

4. As with disruption of bone continuity by fracture, immobilization of the bone
segments is essential to avoid ankylosis or pseudo-arthrosis and to establish
good boney union.

The use of foreign materials as spanning devices, even those that elicit essentially

no tissue reaction, fell into disrepute prior to the introduction of vascularized

myocutaneous flaps because of the tremendously high incidence of intraoral
breakdown and exposure of the alloplastic material. Gullane[1] has recently
presented some encouraging results using metallic spanning devices in concert
with reconstruction of the floor of the mouth with pectoralis myocutaneous flap.

It is theorized that the bulk and vitality of the pectoralis muscle serves as a barrier

between the intraoral cavity and the vitallium spanning device to allow the



establishment of proper healing. Most authors, however adhere to the principle
of delayed reconstruction when using non-vascularized material or autografts to
span surgically created mandibular defects. DeFries [2] and Lawson [3] demons-
trate a much higher success rate in the patients with delayed repair as contrasted
to those with immediate repair.

Other factors have had beneficial influence on mandibular reconstruction. One
of the most significant is the introduction of effective antibiotics which I feel has
decreased the incidence of postoperative wound infections and thus extrusion of
the graft segment. Currently, the most effective perioperative antibiotic regime
combines a fourth generation Cephalosporin and Flagyl. The avoidance of an
irradiated recipient site is a theoretically important factor in the success of bone
grafting. However, the use of vascularized bone flaps or myocutaneous flaps
helps to counter the small vessel obliteration introduced by radiation therapy.

It has been stated [4] that hyperbaric oxygen contributes significantly to the
survival of devilatized bone segments which have become exposed in the postoper-
ative period. My experience with hyperbaric oxygen has not provided results that
are sufficiently beneficial to warrant the expense of time and money associated
with its use.

This discussion would not be complete without some brief mention of new
materials that have been introduced as alloplastic grafts. Porous polyethylene [5]
has been touted as advantageous because of its good formability, tissue tolerance
and stability. Calcium phosphate[6] in the form of tricalcium phosphate is
another material cited as advantageous because it can be carved with a scalpel
and it allows for slow replacement by osteoid containing elements. It, as well, is
nonreactive. The space age metallic compositions have assumed roles of signifi-
cance in mandibular reconstruction. Vitallium is the most popular of these
compounds. All of these new materials have potential for use if the early
enthusiasm can be supported clinically.

Let us look now to the specific methods for mandibular reconstruction which
are currently employed by today’s head and neck reconstructive surgeons. The
use of alloplastic spanning devices to bridge the defect created surgically between
the two residual mandibular segments is one of the oldest methods of reconsti-
tution. Originally a single stainless steel rod was inserted into the residual
mandibular segments, and the mucosa was closed over it. The great problem with
this early form of reconstruction was that the mucosa almost invariably was sewn
so that the rod served as a focus for pressure, eventually resulting in breakdown
and fistulization. As stated previously, the introduction of the myocutaneous flap
has offered a vascularized buffer between the oral cavity and the spanning device.
Now there are preformed and semi-malleable plates which can be formed to
accomodate more exactly to the surgical defect. The design of these plates is
similar to those which are used to stabilize mandibular fractures. Because of the
multiple fenestrations there exists the opportunity to affix segments of cortical
bone to the mandibular plates (Figure 1). In the absence of intraoral contami-



Figure 1. A fenestrated mandibular strut is positioned so as to span the surgically created gap in the
mandible. As shown here, segments of cortical bone can held in place by screws affixed to the spanning
device.

nation, this method must be considered to be a front-line procedure. It offers the
advantages of internal stabilization of the mandibular segments, direct and quick
mandibular stabilization, and additionally the opportunity to provide supplemen-
tal cortical bone to encourage the reformation of an osseous segment. Its
disadvantages include the real potential for intraoral breakdown, exposure of a
nonvascularized foreign body and creation of a need for removal of the alloplastic
material.

Use of the alloplast-autograft in the form of preformed Vitallium or dacron
mesh cribs has met with significant success and is uniquely appealing because the
crib may be loaded with healthy cortical bone and particulate marrow which, in
the presence of adequate extracellular fluid perfusion, will survive to lay down
new bone and ultimately an intact osteoid bridge between the two mandibular
segments (Figure 2). Giordano, Lawson, Schuller, Albert, et al. [7-10] have all
reported relatively high levels of success. Delayed reconstruction is advocated by
most authors because of the documented increase in success rate. The advantages
of the alloplast autografts are that the tray allows for osteoid reestablishment
while providing internal fixation and allowing for perfusion of the particulate
marrow by extracellular nutrients. Another advantage is that radiation may be
given with the crib in place. The polyurethane or dacron mesh contributes less
to deflection of radiation energy than Vitallium, although both apparently can
be used with a reasonable avoidance of complications. The disadvantages of the
alloplast autograft in crib form are that this relatively bulky prosthesis and the
additional employment of a thick myocutaneous flap may over-compensate for
the defect created by the partial mandibulectomy. Occasionally infection, break-
age, or discomfort will mandate removal of the crib as a delayed event. An
appealing concept to me would be to employ the principles of alloplast-autograft
mandibular replacement while utilizing a biodegradable material to formulate the
crib. The potential for success with a slowly reabsorbable material would appear
to be quite high.



Figure 2. A preformed crib spans the surgically created defect and is filled with particulate and
cancellous bone segments.

Figure 3. This drawing depicts a non-vascularized bony segment which is serving as an interface
between the two remaining residual segments.

DeFries [2] has successfully used the homograft in the form of freeze dried bone.
Modifications of this method for mandibular replacement have been proposed
using an autograft (Figure 3), specifically the patient’s own mandible which has
been denuded of tumor and then totally devitalized either by sequential immersion
in liquid nitrogen, as proposed by Cummings and Leipzig [11], or by intraopera-
tive irradiation as proposed by Hamaker [12]. The advantages of this method are
that one is utilizing a graft that is unique by its non-antigenicity and which
conforms almost exactly to the defect at hand. An additional advantage is that
there is less problem associated with the donor site. Particulate marrow can be
harvested from the iliac bone with little disability compared to that caused by
osteomyocutaneous flaps of free composite flaps where a large segment of the
iliac crest, scapular spine, or rib are removed. One disadvantage of this method
of reconstruction is almost uniform failure if intraoral contamination occurs.
Although primary reconstruction has been used by Hamaker, his success rate
hovers about 50%, which is unsatisfactory. Postoperative radiation must be
delayed until one is assured that the grafted bone is well perfused and healthy.
A further disadvantage is the observation that these autografts tend to undergo
some delayed reabsorption, thus potentially diminishing the strenght of the
grafted segment.



Figure 4. ‘A’ depicts the donor site of the trapezius scapular osteomyocutaneous flap. ‘B> demons-
trates the osteomyocutaneous segment prior to transport. ‘C’ depicts this composite graft placed in
the intraoral recipient site.

Osteomyocutaneous flaps

With the general acceptance and greater use of myocutaneous flaps came the
realization that in addition to muscle and overlying skin, cortical bone and its
periosteum could be incorporated into a composite flap. Myocutaneous flaps are
predominantly based on flat muscles which are supplied by named vessels that
perforate the musculature and then proceed to supply the adjacent structures, be
it periosteum or skin. There are two osteomyocutaneous flaps that are applicable
to the head and neck region. The first is the pectoralis osteomyocutaneous flap
which incorporates the lateral periosteum and underlying fifth rib, in addition to
a large segment of pectoralis muscle [13]. The vascular supply for this composite
flap is the pectoralis artery and its paired veins. The scope of this flap is such
that the rib may be used to reconstitute the body or the mandibular arch,
providing that the rib is shaped through fracture to accomodate for the curvature
desired. A problem unique to the rib as a grafting material is that it is composed
of thin bone which has marginal strength and is subject to some reabsorption,
and thus it does not provide a strong foundation to support dentures. The
morbidity of this specific flap includes the potential creation of a pneumothorax
by penetration of the underlying pleura when harvesting the rib.

The second osteomyocutaneous flap involves the spine of the scapula (Fig-
ure 4). The vascular supply to this flap is predominantly from the occipital artery.
The muscular pedicle is rather broad as it inserts into the posterior aspect of the
neck and the occiput. With this flap, the scapular spine is separated from the body
of the scapula so that the overlying skin, scapular spine, and trapezius muscle are
moved as a composite flap. The arc provided by this flap allows for reconstruction
of the lateral aspect of the mandible. Panje [14] has also recommended its use for



reconstruction of the mandibular arch, although here, conformation to the
surgical defect becomes a problem as does the length of the flap. The specific
problems associated with the trapezius osteomyocutaneous flap include, an
intraoperative position change as well as sacrifice of the spinal accessory nerve
which severely impairs shoulder function. This problem also occurs with the
pectoralis osteomyocutaneous flap, especially when a radical neck dissection
(sacrifice of the spinal accessory nerve) is a component of the surgical procedure.
In this setting, adduction and internal rotation of the arm compound the shoulder
disability.

The advantages of the osteomyocutaneous flap are quite obvious. It is, of
course, a single stage procedure, thus fulfilling the quest for the least number of
hospitalizations. There is predictable vascularity, provided that the blood supply
to the periosteum, and of course adherence of periosteum to cortical bone, is not
disrupted. There is rapid healing with these grafts, so that at 4-6 weeks bone
continuity is established. This is in stark contrast to the 3-4 months required by
devascularized autografts or alloplast autografts. One can also transfer relatively
large segments of bone and, in the case of the scapular spine, dense bone. An
additional advantage is that the bony segments do not preclude postoperative
radiation within the 6-week golden period. There are identifiable disadvantages
to the osteomyocutaneous flap. There is no question that there is profound donor
site morbidity which impairs function on a long-term basis. Compromise of
shoulder function is recognized as an integral component of the end result of
reconstruction when these flaps are utilized. Adaptation to the anatomical need
is also a problem with these flaps. The scapular spine, being very dense bone, is
very difficult to shape so as to conform to the curvature of the mandibular arch.
Usually the general curvature of the arch is replaced by a rather straight-line
bridging between the residual mandibular segments. An additional disadvantage
is that these procedures become lengthy and, in the case of the scapular flap,
require intraoperative position changes. Despite these disadvantages, the osteo-
myocutaneous flaps do provide the surgeon with an opportunity to bring in
already vascularized bone from a site removed from the focus of the surgical
procedure.

Free flaps

The evolution of vascular microsurgery and a greater comprehension of small
vessel vascular anatomy has given rise to the transfer of composite flaps as a bony
muscular unit for insertion as a free graft at a distant site. Although several
osseous sites have been identified and utilized to bridge the mandibular bony
defect, only one — the iliac bone free gragt — has successfully survived clinical
trials. Taylor [15] has provided beautiful documentation of the efficacy of the iliac
composite graft, showing that with proper positioning, the composite graft



Figure 5. ‘A’ demonstrates the mandibular loss requiring reconstruction, ‘B’ the donor site involving
the iliac crest, ‘C’ the free composite flap prior to transfer, and ‘D’ the free flap in place.

from a single iliac bone will reconstruct, with very acceptable confirmation, the
entire half of the mandible (Figure 5). In addition, he has reconstructed an entire
mandible using bilateral iliac bone composite grafts. Rosen and others have
supported the concept of the free osteomyocutaneous graft in selected cases.
The advantages of the free flap are quite obvious[16, 17]. This method of
reconstruction satisfied one requisite by being a single stage procedure. Secondari-
ly, it allows for satisfactory fulfillment of the anatomical requisites. It, like the
osteomyocutaneous flap, heals rapidly because of its intrinsic blood supply, and
the patient may receive postoperative radiation within the previously established
time frame. The disadvantages are, however, not insignificant. Foremost among
them is the donor site morbidity. The patient experiences significant discomfort
and compromise of function in the groin and lower abdominal regions, which
requires weeks to resolve. Other donor sites, such as the foot, eliminate themselves
from consideration because of the magnitude of the donor site disability. The
most significant disadvantage to the free ostemyocutaneous flap is that it requires
special expertise in microvascular anastomosis. It is physically impossible for
every head and neck surgeon to develop and maintain the expertise necessary to
achieve a high success rate with small vessel anastomosis. It therefore makes sense
to have a small team of individuals at each regional head and neck facility who
have and will maintain the expertise required to accomplish these procedures
which are in very little demand clinically.

Summary
The technological explosion of both materials and procedures has resulted in

major changes in mandibular reconstruction. Now, more than ever before, the
variety of viable choices is broad. There is no standard method for reconstruction



of the mandible, and infact, all of these various forms of reconstruction should
be available to the head and neck surgeon. Certainly, however, the goals regarding
reestablishment of function and cosmetic configuration are more achievable
today than they were a decade ago. It is hoped that methods which assure proper
sequencing of the other modes of therapy will continue to evolve, perhaps with
the use of biodegradable materials in alloplast/autografts and the further ease of
harvesting and establishment of microvascular anastomosis in free osteomyocuta-
neous flaps. Most assuredly, however, this type of reconstructive surgery, because
of its inherent magnitude, will always carry significant levels of complication and
of failure.
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2. Extracapsular spread of squamous carcinoma
in cervical metastasis

JONAS T. JOHNSON and EUGENE N. MYERS

Introduction

The unpredictable behavior of malignant disease has led many oncologists to
search for factors which may be used to forecast prognosis. Histologic evidence
of extracapsular spread (ECS) of metastatic disease in cervical lymph nodes has
been recognized as a predictor of poor prognosis in patients with squamous cell
carcinoma of the head and neck.

We do not currently understand the mechanism by which ECS develops in any
particular patient. It may represent an observable feature of some as yet unrecogn-
ized aspect of tumor invasiveness, clonogenic capability or immunologic respon-
siveness. Current data only allows us to recognize ECS as an indication of the
host-tumor relationship which predicts high risk for recurrent disease.

Staging

A tumor staging system is critical to the head and neck oncologist. Staging allows
communication among investigators and comparison of treatment results among
institutions and between historic periods. Additionally, staging has been develop-
ed and refined during the years to offer guidance in therapeutic decision making
and patient counseling.

The staging of head and neck carcinoma has traditionally been based upon
clinical findings alone. Statistical reporting and therapeutic decision making
continue to be reflective of clinical staging. This, in part, reflects the fact that
many patients are treated without benefit of pathologic staging. Also, most
histologic and cytologic variables have not achieved wide acceptance as indicators
of prognosis.

C. Jacobs (ed) Cancers of the head and neck.
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Differentiation

Tumor differentiation has been reported to be of prognostic importance by
Bennett [1]. Cachin et al. [2] reviewed the clinical data (retrospectively) and
histologic findings (prospectively) in a large group of patients with squamous
carcinoma of the oropharynx. Thirty-nine percent of patients with well differen-
tiated primary tumors did not develop cervical metastasis. In contrast, 80% of
patients with poorly differentiated tumors had neck metastasis. Sessions [3]
however, in a retrospective clinical-pathologic evaluation of 791 patients stated
that differentiation was a reliable prognostic indicator only in patients with lesions
of the inferior part of the hypopharynx. Johnson ef al. [4] evaluated 177 neck
dissections undertaken in 161 patients. All primary tumors were classified as
either well differentiated, moderately well differentiated, or poorly differentiated.
Differentiation did not correlate with the development of cervical metastasis or
with survial. Noone et al. [5] retrospectively correlated the histologic findings in
tumors of 62 patients. The survival data from patients with well differentiated
tumors were compared to those with poorly differentiated tumors. The 5-year
survival between the two groups (59% vs. 43%) was not deemed significant by
statistical analysis (P >0.10).

Similarly, the presence of sinus histocytosis, cellular inflammatory responses,
lymphocytic infiltration, and germinal center hyperplasia are factors which are
not reliable markers in predicting prognosis.

Multiple nodes

The demonstration of histologic evidence of involvement with tumor in multiple
nodes has been believed to forebode a poor prognosis [6]. This issue is an integral
part of the staging system. Is is interesting to note, however, that Sessions [3]
observed that the number of nodes involved with malignancy did not correlate
with survivorship in patients with carcinoma of the supraglottis or the glottis.
Schuller et al. [7] substantianted this finding in a retrospective review of 242
patients. Neither the absolute number of involved cervical nodes nor the percen-
tage of malignant nodes was found to correlate with ultimate survivorship.
Johnson et al. [4] observed that the average number of nodes involved with
malignancy was actually higher in the patients who survived with no evidence of
disease when compared to a cohort group of patients who had died of recurrent
disease.

Extracapsular spread

The presence of carcinoma in the cervical lymph node is said to reduce, for a given
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lesion, the number of patients who will survive disease-free by approximately
50%. The extension of cervical metastasis into the soft tissue of the neck has long
been recognized as an indicator of poor prognosis. Bennett et al. [1] noted a 70%
observed S-year survival in patients with negative nodes as compared to a 26%
S-year survival in patients with positive nodes. A small number of these patients
demonstrated extranodal spread of metastatic tumor. The survival in patients with
ECS was 15%. Noone et al. [5] reported that 56% of patients with negative nodes
survived disease-free for 5 years. In the group of patients with positive nodes,
prognosis was improved if the metastasis was confined to the lymph node. Seventy
percent of patients with tumor confined to the node survived 5 years. In contrast,
when capsular involvement was noted the survival figure was 48%. Extracapsular
spread of the tumor was associated with a 27% S-year survival.

Shah et al. [8] commented that ECS of cervical metastasis and soft tissue
involvement by tumor correlated with poor prognosis. Sessions [3] stated that the
invasion of soft tissue by tumor decreased treatment success by a ratio of 5:1.
Zoller et al. [9] reviewed a group of patients treated surgically. None of the
survivors had had ECS in their lesions. Thirty-six percent of those who had died
had lesions demonstrating ECS.

A prevailing concept in head and neck surgery has been the notion that ECS
was a manifestation of large lymph nodes and that the TNM staging system
addresses this issue. Fixation of cervical metastasis is felt to represent soft tissue
invasion (ECS) and has been previously used as an integral part of the staging
system. Currently, nodal size has been adopted as a more objective method by
which to measure the aggressiveness of cervical metastasis. The presence of soft
tissue invasion by cervical metastases has long been recognized as an indicator
of poor prognosis. In turn, ECS has generally been assumed to correlate with
nodal size and as such was a manifestation of late stage disease.

Cachin et al. [2] undertook a correlative study of lymph node size and histo-
logic findings. It was noted that the presence of ECS was related to nodal size.
Fourteen percent of nodes less than 1cm demonstrated ECS. The incidence of
ECS found in nodes 2cm, 3cm, 4cm, and 5cm was 26%, 49%, 71% and 76%
respectively.

Snow et al. [10] substantiated these observations in a retrospective study in
which 405 patients who had undergone 484 radical neck dissections were evaluat-
ed. Specimens from 78 patients did not contain tumor. One hundred and seventy-
six of the remaining patients (53.8%) had evidence of ECS. ECS was noted in
23% of nodes less than 1cm in diameter. Forty-four percent of nodes 1-2cm
demonstrated ECS. Nodes 2cm to 3cm in diameter had ECS 53% of the time
while 74% of nodes greater than 3 cm evidenced ECS.

Cachin ef al. [2] compared the degree of lymph node involvement with survival
three years after therapy. When 601 cases of carcinoma of the upper aerodigestive
tract were considered 3-year survival was 65% in patients with no evidence of
metastasis to the lymph nodes. In contrast, patients with carcinoma limited to the
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Figure 1. Low power photomicrograph (H & E x 187.5). Squamous cell carcinoma replacing a cervical
lymph node. The capsule is intact (arrows). No ECS.

Figure 2. Photomicrograph demonstrating extracapsular spread of tumor. It is apparent that tumor
has extended through the capsule of the node (arrowd indicate capsule).
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Figure 3. A small focus of tumor in this lymph node shows invasion of the capsule (arrow) with ECS
(H & E x300).

lymph nodes evidenced a 33% survivorship while patients with ECS experienced
a 15% survivorship. These dramatic differences in survivorship based upon ECS
were confirmed when smaller subsets of patients were examined with carcinoma
of the tonsil and carcinoma of the tongue base individually.

In aninitial report we retrospectively evaluated 161 patients treated with radical
neck dissection [4]. Extracapsular spread was found in 65% of patients with
cervical metastases who had been judged N, clinically. Seventy-five percent of
patients with nodes greater than 3cm in diameter had ECS. Patient survival
following therapy was then correlated to histologic findings in the neck. Survivor-
ship of patients who had no histologic disease in the neck was 70% which was
comparable to survivorship of patients with histologic evidence of metastases in
whom no evidence of ECS was noted (62% survival). In contrast, 37% of patients
with cervical lymph node metastases demonstrating ECS survived with no evi-
dence of disease. The differences in survivorship observed in the ECS group when
compared to the former groups were statistically significant (P <0.05).

These initial data were further examined to determine if ECS was a co-predictor
reflective of some other determinant of survival. The average number of histologi-
cally proven malignant nodes per patient was examined. There was no difference
in the number of nodes involved in the group of patients whose lesions showed
ECS when compared to the group of patients whose lesion showed no ECS.

Patients with stage IV disease were, in fact, more likely to have histologic
evidence of ECS in cervical metastasis than patients with stage 111 disease. When
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the group of patients with stage IV disease was examined independently, however,
it was demonstrated that a substantial decrease in survival was noted in patients
with ECS (Table1).

These preliminary observations led us to expand the scope of this initial study.
We subsequently evaluated 349 more patients retrospectively [11]. ECS was noted
in 59% of patients with cervical metastases. The scope of the larger study allowed
more comprehensive review and comparison of survival data according to histol-
ogic findings in the neck. One hundred and twenty-six patients had stage III
squamous cell carcinoma. Five patients were unavailable for further study because
histologic slides were unavailable. Forty-nine patients (40.5%) had no evidence
of cervical metastases. Of the remaining 72 patients with stage 111 disease 36 (50%)
had ECS (Table 2).

In comparison 161 patients with stage IV disease were evaluated. In nine pa-
tients histologic findings could not be ascertained. Thirty-three percent of patients

Table 1. Survival status of patients stage IV disease

Determinant Absolute

Characteristic Number NED? DOD® DOC* survival (%) survival (%)
No neck disease 19 10 9 0 52 52
Lesions showing no ECS 12 9 3 0 75 75
Lesions showed ECS 23 3 14 6 18 12

2 NED = no evident disease.
% DOD = dead of disease.
¢ DOC = dead af other cause.

Table 2. Histological status of neck nodes in stage III patients

Site Negative nodes® No ECS® + ECS° Unknown?
Tongue 1 3

Tonsil 11 8 10 2
Floor of mouth 1 2 -
Base of tongue 1 1 2 -
Epiglottis 15 11 11 -
Glottis 5 6 1 -
Hypopharynx 5 4 3 2
Miscellaneous 3 4 1
Unknown primary 2 1 0 -
Totals 49 36 36

2 No histologic evidence of cervical metastasis.

b Cervical metastases limited to lymph node.

¢ Cervical metastasis has spread beyond lymph node capsule of soft tissue of neck.
4 Histologic findings of extracapsular extent could not be ascertained.
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had no histologic evidence of cervical metastases. Sixty-five percent of the 102
stage IV patients with cervical metastases evidenced ECS (Table 3).

Two-year disease free survival was then evaluated according to the histologic
findings in the neck and stage of the primary tumor (Tables 4 and 5).

Survivorship in both stage III and stage IV disease was similar in patients with
no evidence of cervical metastases when compared to patients with cervical
metastases limited to the lymph nodes. When ECS was present, 2-year disease-free
survivorship decreased by a factor of approximately one half. It should be noted
that ultimate survivorship in these two groups of patients correlated better with
ECS (or lack of ECS) than it did with the clinical stage of the disease.

Table 3. Histologic status of neck nodes in stage IV patients

Site Negative nodes No ECS + ECS Unknown?
Tongue 7 3 6 1
Tonsil 6 1 11 2
Floor of mouth 4 4 6 2
Base of tongue 4 4 4 1
Epiglottis 11 12 12 2
Glottis 6 1 2 -
Hypopharynx 3 3 11 -
Miscellaneous 6 3 9

Unknown primary 3 1 -
Total 50 36 66 9

# Histologic findings of extracapsular extent could not be ascertained.

Table 4. Two-year disease-free survival according to histologic finding in Neck — stage III patients

Died of Died other
Died of No evidence second or lost to
Patients disease of disease primary follow-up
Negative nodes 49 5(13%) 34 (87%) 2 8
No ECS 36 8(25%) 24(75%) 1 3
+ ECS 36 20(61%) 13 (39%) 1

Table 5. Two-year disease-free survival according to histologic finding in Neck — stage IV patients

Died of Died other
Died of No evidence second or lost to
Patients disease of disease primary follow-up
Negative nodes 50 12 (29%) 30(71%) 2 6
No ECS 36 10(33%) 20(67%) 1 4

+ ECS 66 34(64%) 19 (36%) 2 11
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Evaluation of treatment outcome in patients who had undergone a comprehen-
sive treatment program involving surgery plus postoperative radiation therapy
was undertaken. Patients with pathologic indication of surgical margins involved
with tumor were excluded. Only patients with stage III or stage IV squamous cell
carcinoma were included. A minimum dose of 50 gy of external beam radiation
therapy delivered to the primary site and cervical lymphatics bilaterally had been
undertaken within 6 weeks of surgery in every case. One hundred and five patients
were identified who fulfilled these criteria. Two-year NED survival for patients
with cervical metastasis limited to the lymph node was 73% (32 of 44 patients).
In comparison, only 49% of patients with ECS (30 of 61 patients) remained free
of disease. This difference in survivorship is statistically significant (P <0.03)
(Table 6). When further subdivided according to stage of disease, the impact of
ECS upon treatment outcome in this group of patients who received combined
therapy continue to demonstrate the negative effect of ECS upon ultimate
outcome (Table 7).

Table 6. Surgery + post operative radiation survival according to cervical histology

Patients NED? DOD®
No ECS 44 32(73%) 12
P<0.03
ECS 61 30 (49%) 31

2 NED = no evident disease.
®* DOD = dead of disease.

Table 7. Surgery + post operative radiation survival according to histology in the neck

Patients NED DOD
Stage 111
No ECS 20 16 (80%) 4
P<0.05
ECS 25 12 (48%) 13
Stage IV
No ECS 24 16 (67%) 8
P>0.05
ECS 36 18(50%) 18
Table 8. Surgery + post operative radiation survival according to stage
Patients NED DOD
Stage 111 45 28 (62%) 17
P<0.05

Stage IV 60 34 (57%) 26
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It is apparent that the prognostic value of the demonstration of ECS in cervical
lymphatics is superior to the staging system currently employed (AJC) (Table 8).

Snyderman et al. [12] evaluated the impact of ECS in cervical lymph nodes in
96 patients with squamous cell carcinoma of the supraglottic larynx. Three-year
NED survival was 71% in patients with no evidence of cervical metastasis. When
metastases were confined to cervical lymphatics the 3 year NED rate was 79%.
In contrast, the presence of ECS was associated with a 45% 3-year NED
survivorship (P <0.05).

Snyderman et al. [12] note that the clinical assessment of the extent of disease
in cervical lymphatics correlates poorly with histologic findings. Forty one percent
of patients clinically judged to have no evidence of cervical metastasis were found
to have metastatic carcinoma histologically. Twenty percent of these patients with
no palpable adenopathy were found to have ECS. In comparison of patients
judged clinically to have a single cervical metastasis less than 3 cm (N, ), 17%, had
no histologic evidence of disease. Seven percent of patients staged N, or N; had
no evidence of metastases histologically. Fifty-three percent (32 of 60 patients)
with histologic evidence of cervical metastases were found to have ECS.

Discussion

The interpretation of comparative therapeutic trials is predicated upon our belief
that we can identify two truly comparable patient populations. In fact, we all
readily acknowledge that patient populations are never truly ‘equal’. Retrospec-
tive and non-randomized prospective trials assume that all factors which may
influence the measured outcome can be adequately identified and evaluated.
Perhaps the most important outcome of our experience with ECS is the recog-
nition that previous unacknowledged factors may be operative and significantly
influence outcome. ECS is an indicator of poor prognosis which is encountered
in greater than one-half of patients with small (N,) cervical adnopathy. These
studies substantiate the glaring flaws in the clinical staging system as it currently
exists. The continued investigation of the factors which influence the development
of ECS are manditory.

All of the currently available data on the prognostic significance of ECS in
cervical node metastases are based upon information gained through the retros-
pective evaluation of patient charts. It is clear that studies generated in this fashion
may be methodologically flawed in many ways. Nevertheless, the histologic
finding of ECS in cervical metastasis has served as a valuable tool in predicting
treatment outcome. Current studies do not allow interpretation of the patho-
physiology of this observation. ECS may reflect aggressiveness of the tumor or
inadequacy of host response. ECS serves, nevertheless, as an indicator of poor
prognosis.

The presence of ECS, or lack thereof, is an integral and necessary part of the
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pathology report. Similarly, retrospective comparative studies should access the
incidence of ECS in the treatment groups while prospective studies must stratify
accordingly to maximize reliability.
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3. The role of a modified neck dissection

ROBERT M. BYERS

Introduction

Since the 1960s, head and neck surgeons have gradually developed an understand-
ing of how and when the lymph nodes in the cervical drainage areas for cancers
of the oral cavity, oropharynx, larynx and hypopharynx, as well as for cancers
of the skin can be removed while preserving functionally and cosmetically vital
anatomic structures[1]. In addition, knowledge has been gained as to which
regional nodal groups are at highest risk for containing metastatic cancer,
depending upon the location of the primary cancer. Consequently, many regional
lymphadenectomies have been suggested to fit the potential extent of the cervical
metastasis. Although this approach has been applicable for squamous carcinoma,
recently, modifications of the radical neck dissection have been reported for the
treatment of melanoma and thyroid carcinomas [2, 3]. The use of immediate
postoperative irradiation with the modified neck dissection is advised when
certain adverse criteria have been identified which carry a high risk for local-
regional recurrence if surgery is used as the only modality of treatment [4]. From
a conceptual standpoint, the value of the various selective neck dissections is still
evolving and hopefully will soon become standardized.

Definition

In order to gain widespread acceptance, a surgical procedure has to be an effective
and reproducible technique for the majority of surgeons. The nonmenclature
needs to be standardized so that each type of neck dissection is readily identifiable,
and the results from different investigators can be compared.

Consequently, one of the most difficult problems in discussing the role of a
modified neck dissection is actually defining what a modified neck dissection is.
There have been many terms used to describe a modified neck dissection.
Actually, many people feel that a modified neck dissection is merely something
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less radical than the classic neck dissection described by Crile and popularized by
Hayes Martin. To define an operation merely by its conservatism or radicalism
does not address the most vital issue, and that is its appropriateness. Perhaps
the definition of a neck dissection should reflect a selectivity which is determined
by the extent of the particular disease for which the operation is intended.
Sometimes the scope of the modified dissection can be more extensive than the
radical neck dissection. The proper selection is based on the site and stage of the
primary, the predictability of the lymphatic drainage, the magnitude of the nodal
drainage, and the surgeon’s experience. The selected neck dissection will provide
appropriate pathologic staging. It is important to understand that not every
patient’s neck needs to be dissected in the same manner. A modified neck
dissection does not and should not portray a surgical procedure in which only the
spinal accessory nerve, the sternocleidomastoid muscle and the internal jugular
vein are routinely preserved. Many times it is equally valuable and feasible to
preserve the external jugular vein, the greater auricular nerve, the cervical plexus,
and many times even the ansa cervicalis. Discrimination can be exercised in
preserving any of the anatomical structures in the neck which are not obviously
involved with cancer, provided meticulous attention is paid to a clean and
thorough removal of the lymphatic and connective tissue. This is of particular
value and appropriate when bilateral dissections are indicated or if the neck is
entered for exposure purposes in order to resect a primary cancer in the upper
aerodigestive tract. Whenever the pathways of metastatic disease to cervical nodes
are unclear, or perhaps altered by previous treatment or by large metastatic
deposits, the effectiveness of a regional lymphadenectomy is questionable. The
various modified neck dissections currently used at M.D. Anderson Hospital are:
the functional, the supraomohyoid, the posterolateral, the anterior, the supra-
hyoid and the lower neck dissections. For purposes of clarity each of these types
of dissections will be described in terms of the nodal groups which should be
included and the more common primary cancers for which these operations would
be most appropriate.

The functional neck dissection (Figure 1)

The functional neck dissection as described by Bocca et al. [1] implies that the
patient is functionally better after this operation than if a radical neck dissection
was performed. It is not an anatomically descriptive term. The nodal groups
routinely removed are the same as with the radical neck dissection, however, the
internal jugular vein, the sternocleidomastoid muscle and the 11th cranial nerve
are preserved. This type of neck dissection would be inadequate for the following
cancers: subglottic larynx or thyroid cancer with the paratracheal nodes at risk,
the pyriform sinus or pharyngeal wall with retropharyngeal nodes involved, or
a melanoma of the scalp with metastases to suboccipital nodes. Therefore, it is
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Figure 1. Nodes removed with functional neck dissection.

a selected type of dissection for cancers in the oral cavity, oropharynx and
supraglottic and glottic larynx.

The supraomohyoid neck dissection (Figure 2)

This selected neck dissection is often confused with the suprahyoid dissection. The
primary difference between the two operations involves the extent of the nodal
groups removed, as you can see in comparing Figures 2 and 3. The supraomohyoid
dissection, however, can incorporate the lower jugular nodes as well depending
upon how far the omohyoid muscle is retracted inferiorly. The operation is
designed for oral cavity or oropharynx primaries, particularly squamous carcino-
ma of the anterior floor of mouth when a bilateral dissection is indicated. The
operation is not appropriate for lesions in the larynx and hypopharynx. Most of
the time, the 11th cranial nerve is not disturbed except to visualize it in order to
safely preserve it. The nodes in the upper portion of the posterior triangle are
sometimes difficult to dissect when the spinal accessory nerve and the sternoclei-
domastoid muscle are not removed. If any question exists as to the necessity for
adequate exposure in removing this group of nodes, the sternocleidomastoid
muscle may be resected and the 11th nerve grafted.

The suprahyoid neck dissection (Figure 3)

This type of dissection is useful for masses in the submaxillary triangle with no
histologic diagnosis. A frozen section of the mass will determine if a more
extensive dissection is warranted, or if postoperative irradiation is preferable. The
operation is definitive for benign tumors and low grade cancers of the submaxilla-
ry gland, if no submandibular nodes are involved. Since the operation does not
include the subdigastric and midjugular nodes, it is not adequate as a staging
procedure, nor appropriate therapy for cancers of the oral cavity or oropharynx.
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Figure 2. Nodes removed with supraomohyoid neck dissection.

Figure 3. Nodes removed with suprahyoid neck dissection.

Figure 4. .Nodes removed with anterior neck dissection.

The anterior neck dissection (Figure 4)

Advanced cancers of the larynx and hypopharynx commonly metastasize to the
upper, middle and lower jugular nodes bilaterally, but rarely involve nodes in the
posterior triangle. Since most of these cancers are best treated with a combination
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Figure 5. Nodes removed with posterior-lateral neck dissection.

of surgery and radiation, the role of the anterior neck dissection is to remove any
gross nodal disease. The spinal accessory nerve can usually be preserved, but the
internal jugular vein and/or the sternocleidomastoid muscle on one or the other
side of the neck may be invaded with cancerous nodes and necessitate its removal.
The early lesions will probably not need combined treatment, and an anterior neck
dissection will be adequate surgery for staging the NO neck and resecting the
unilateral or bilateral N1 neck. Of course, the paratracheal nodes would be
included with lesions extending subglottically, and the retropharyngeal nodes
would be included for hypopharyngeal cancers.

The posterior-lateral neck dissection (Figure 5)

The posterior-lateral neck dissection is a very specialized procedure designed to
remove a group of nodes in the primary drainage area for skin cancers, particular-
Iy melanoma, of the posterior-lateral scalp, ear, and upper posterior neck.
Cancers of the nasopharynx will metastasize to this area, but the nodes are not
routinely treated with a surgical excision. These nodes are rarely involved as
isolated metastases from other mucosal sites unless the anterior nodes are massive-
ly invaded as well. The removal of the retroauricular and suboccipital nodes
illustrate the concept of a selected lymphadenectomy and certainly would not be
included in the classic radical neck dissection.

The lower neck dissection (Figure 6)

When cancers of the thyroid metastasize regionally, the nodes of the lower
posterior triangle, the lower and midjugular and the paratracheal areas are
commonly involved. A selected neck dissection which will electively remove nodes
at highest risk for metastases from well differentiated cancers of the thyroid, as
well as squamous cancers of the cervical esophagus is useful from a staging
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Figure 6. Nodes removed with lower neck dissection.

standpoint. Very rarely do these cancers skip the first echelon of nodes and involve
the upper jugular, subdigastric and submaxillary nodes.

Discussion

The effectiveness of a modified or selected neck dissection depends upon the
expertise and experience of the head and neck surgeon. It is not surprising that
it is more difficult to perform a modified neck dissection technically than a radical
neck dissection. Adequate exposure is a must. The type of skin incision used varies
with each neck dissection, depending upon the patient’s anatomy and the extent
of disease. A U-shaped incision is popular for ipsilateral suprahyoid, functional,
supraomohyoid and anterior dissections. An apron-type incision is satisfactory
for bilateral dissections. A hockey-stick incision works well for the posterior-lat-
eral and lower neck dissections. Bifurcated or trifurcated type incisions should
be avoided whenever possible.

The surgical specimen should be taken personally to the pathologist and each
resected nodal group properly identified so that an accurate histologic assessment
can be made of each node. The pathology report should reflect the total number
of nodes removed, the number in each regional area, and the size and number
of the nodes in each regional area which contained metastatic disease. The
presence or absence of connective tissue disease should also be documented. The
operative note must list the anatomic structures preserved and their relationship
to the cancerous nodes.

The use of frozen section will occasionally help the surgeon in deciding
intraoperatively on how extensive to perform the lymphadenectomy. If a unilater-
al supraomohyoid neck dissection is completed for an oral cavity primary, and
a single suspiciously enlarged midjugular node is present, the lower jugular nodes
need to be removed if the node is positive for metastatic disease. If it is negative,
the operation is terminated. If there are multiple positive nodes in the specimen,
the supraomohyoid neck dissection alone has staged the disease sufficiently to
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Figure 7. Neck recurrence with surgery versus surgery and XRT.
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Figure 8. Neck recurrence with surgery versus surgery and XRT.

demonstrate the need for postoperative radiation, and no further dissection is
indicated if all gross disease has been removed.

If, as a result of evaluation of the pathologic specimen, extracapsular nodal
disease or multiple positive nodes are identified, the addition of postoperative
radiation, ideally within 6 weeks following the surgical procedure, can decrease
the incidence of regional recurrence (Figures 7-10). The radiation fields and
dosage are tailored to the areas of highest risk for recurrence. When there are
indications for postoperative irradiation from the dissection of one side of the
neck or from findings as a result of resecting the primary, then the clinically NO
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Figure 9. Neck recurrence with surgery versus surgery and XRT.
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Figure 10. Neck recurrence with surgery versus surgery and XRT.

contralateral neck does not need to be dissected, but can be included in the
postoperative radiation fields.

From a therapeutic standpoint, a modified or selected neck dissection if
properly done is adequate treatment for the NO and the N1 pathologically staged
neck in the absence of extracapsular nodal extension [4]. Since the morbidity of
a modified neck dissection alone is very minimal it can be useful for patients who
are unreliable in their follow-up visits, or live at such distances that it would be
difficult for them to return for regular routine follow-up. Therefore, instead of
waiting for the nodal disease to evolve subsequent to the treatment of the primary,
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the neck can be electively dissected, pertinent pathologic information obtained
which will maximize the patient’s treatment, and thereby minimize the number
of follow-up visits.

There are many instances in which to effectively resect the primary lesion,
adequate exposure and safety is provided by entering the neck. In such a case it
would be very detrimental to the patient, in the absence of any palpable disease,
to perform a standard radical neck dissection. A modification of this, in which
the surgeon selects the lymphadenectomy that is appropriate, will gain the needed
exposure and certainly would be in the patient’s best functional interest.

In summary, the modified neck dissection preserves function, provides pathol-
ogic staging and surgical exposure, and effectively eradicates metastatic disease
in the neck either alone or in combination with radiation therapy.
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4. Extended partial laryngeal surgery

BYRON J. BAILEY and CHARLES M. STIERNBERG

Introduction

Partial laryngectomy is a procedure that was first performed over a century ago.
H.B. Sands, in the United States, reported the first partial laryngectomy for the
purpose of curing cancer. The patient was a young female, and she survived for
2 years and subsequently died of cancer of the kidney without any evidence of
laryngeal recurrence [1]. In 1975, Bilroth, who is credited with performing the first
total laryngectomy for cancer, reported a case in which a hemilaryngectomy was
performed for cancer of the larynx [1]. It was not until the early part of this
century, however, that surgeons began to refine and standardize the operative
techniques for conservation surgery of the larynx. Popularization of several of
these techniques and widespread acceptance by surgeons did not occur until the
1960s. At the present time, there are than a dozen varieties of partial laryngectomy
techniques, and at least another dozen techniques that would be characterized as
extended partial laryngectomy techniques. This chapter focuses on the latter type
of laryngectomy.

The objectives of all of these procedures remain the same as they were when
this evolution began in the last century. It is the goal of partial laryngectomy
procedures to achieve the following:

1. adequate resection and cure of laryngeal cancer;

2. a satisfactory postoperative voice;

3. adequate respiratory function (avoidance of postoperative stenosis);

4. adequate postoperative deglution (avoidance of postoperative aspiration).
Extended partial laryngectomies are classified as extended vertical partial laryn-
gectomy (EVPL) and extended supraglottic laryngectomy (ESGL) procedures.
Just as the natural histories of glottic and supraglottic carcinomas are different,
the indications and contraindications for these two types of laryngectomies are
different. They will, therefore, be discussed separately.

C. Jacobs (ed) Cancers of the head and neck.
© 1987, Martinus Nijhoff Publishers, Boston. ISBN-13: 978-1-4612-9208-1
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Extended vertical partial laryngectomy

The contemporary practice of oncology requires the close cooperation of many

diciplines. In a practical sense, at the present time, there are several options for

the patient who presents with a lesion that is too extensive for standard vertical
partial laryngectomy, but who might be cured with less than a total laryngectomy.

The therapeutic options for such a patient with ‘early advanced’ laryngeal cancer

include the following:

1. surgery alone, in the form of EVPL;

2. radiation therapy alone;

3. combined surgery and radiation therapy.

The particular problem areas that cause difficulty with the decision for optimum

treatment have become known through the experience of many physicians dealing

with laryngeal cancer. These problems have been reviewed recently by Guerrier [2]

and may be summarized as follows:

1. squamous cell carcinoma at the anterior commissure of the larynx, where
invasion of cartilage is not retarded by a perichondrial barrier;

2. subglottic extension;

3. carcinoma involving the laryngeal ventricle; this may present as a transglottic
carcinoma,

4. laryngeal sarcoma;

5. cervical lymphadenopathy; a single node may not rule out the performance of
a partial laryngectomy, but the presence of multiple nodes suggests the need
for total laryngectomy and radical neck dissection;

6. metatstatic carcinoma; a single, small metastatic lesion (e.g., a small, solitary
pulmonary upper lobe lesion) may be curable with partial laryngectomy plus
lobectomy;

7. recurrence following radiation therapy for laryngeal carcinoma (radiation
failure);

8. involvement of the paraglottic space of the larynx with cancer.

The relationship of these particular problems to the concept of extended vertical

partial laryngectomy will be reviewed in the remainder of this chapter.

As reported by others, the key to success in regard to the use of extended vertical
partial laryngectomy is the proper selection of patients for this technique. At-
tempts to ‘stretch the rules’ usually result in failure, and every effort should be
made to avoid that particular misadventure.

Indications for extended vertical partial laryngectomy

The term extended vertical partial laryngectomy is used in this chapter as a broad
designation for all procedures that involve more than a standard hemilaryngecto-
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my or an other form of vertical partial laryngectomy that is confined to one-half
of the larynx.

We have reported the indications we prefer previously[1]. The particular

technique which we prefer for this group of lesions is usually an extended
fronto-lateral vertical partial laryngectomy and laryngoplasty, and we use this
technique, with modifications, in the following situations:

1.
2.
3.
4.

5.

6.

lesions that involve the anterior commissure;

tumor that invades the arytenoid cartilage;

selected, superficial, small transglottic lesions;

selected patients with recurrence after radiation therapy for large primary
lesions;

large verrucous carcinomas;

bilateral vocal cord cancer (horseshoe lesions).

Others have added to this list, and we will continue with the understanding that
indications 7 through 14 are gleaned from the literature, and that some of them
are still in the process of documentation as far as their effectiveness in cancer
control and their desirability relative to other treatment options.

7. Bulky transglottic lesions may be managed by a ‘three-quarters extended

vertical partial laryngectomy’. This technique is essentially a combination of

vertical partial laryngectomy with supraglottic partial laryngectomy. This

technique is indicated according to Biller and Lawson [3] under the following

circumstances:

a. when the tumor size is 2 cm or less in diameter,

. when there is no evidence of vocal cord fixation,

. in the absence of subglottic extension,

. in the absence of anterior commissure invasion,

. when there is no evidence of cartilage invasion on computerized tomogra-
phy,

f. when there has been no previous radiation therapy;

o o o o

. extended vertical partial laryngectomy has been recommended for certain

patients with cord fixation (T3) glottic carcinoma. In a recent publication by
Stell et al. [4] this topic was reviewed, with the observation that the original
report of the work by Ogura and his colleagues [5S] was quite successful,
achieving an 85% 5-year survival. LeRoux-Robert in France achieved a 61%
overall survival rate, and these two reports continue to generate interest in
the further examination of this indication. At the present time, few surgeons
in this country are utilizing extended vertical partial laryngectomy for patients
with cord fixation. However, it is important to continue to clarify the
situation, so that the controversy might be resolved;

. glottic carcinoma with posterior subglottic extension is reported to be amen-

able to cure when a modified extended vertical partial laryngectomy is
employed. The technique utilized involves resection of most of the cricoid
cartilage on the ipsilateral side, and it is necessary to reconstruct the ary-
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10.

11.

12.

13.

14.

tenoid-cricoid defect in order to avoid postoperative aspiration problems.
Biller and Som [6] have reported a technique that is useful for this purpose,
and it will be described later in this chapter;

extended vertical partial laryngectomy may be employed in the management
of radiation failure [7], in those patients with a small recurrence. Estimation
of the size of a recurrent carcinoma after radiation therapy is often extremely
difficult because of the postradiation tissue changes. However, when the
lesions appear to be small, when there is no cord fixation, and when the other
criteria for partial laryngectomy surgery are met, EVPL would appear to be
a suitable management choice;

carcinoma invading the thyroid cartilage is associated with a poorer progno-
sis. When the invasion appears to be minimal, extended vertical partial
laryngectomy may be attempted, but some authors [2] feel very strongly that
wide resection with local laryngectomy is always indicated in the presence of
cancer invasion of an ossified thyroid cartilage. Given the usual age group
of patients with extensive laryngeal carcinoma, and the degree of ossification
that is usually found in this age group, this latter recommendation would,
if followed, rule out EVPL for any degree of thyroid cartilage invasion. This
matter remains controversial and in need of further clarification;
chondrosarcoma is a less aggressive form of malignancy than invasive
squamous cell carcinoma. For this reason, extended vertical partial laryngec-
tomy has been reported by Cantrell ef al.[8] to be an effective and more
conservative form of treatment than total laryngectomy in certain instances;
piriform sinus cancer with laryngeal involvement is usually a condition
requiring total laryngectomy and radical neck dissection. However, in certain
selected cases [9] it appears that the technique of near-total laryngectomy (as
popularized by Pearson and his colleagues at the Mayo Clinic) deserves
careful consideration in the selection of the most appropriate treatment.
Near-total laryngectomy is designed to provide the best possible voice and
freedom from aspiration following cancer surgery, even though a tracheosto-
my is required for the adequate maintenance of respiratory function;
laryngotracheal invasion by thyroid carcinoma may present an opportunity
for extended vertical partial laryngectomy. Thyroid malignancy may
encroach upon the upper tracheal cartilaginous rings and the cricoid cartilage,
and when this is the case, some of these structures must be sacrified in order
to achieve a cure. Experimental work by Friedman ef al. [10] has shown that
25% of the cricoid cartilage can be resected and reconstructed with preser-
vation of satisfactory laryngeal function.

It is equally important to be familiar with the contraindications for extended
vertical partial laryngectomy. The most common contraindications, with regard
to the specific nature of the laryngeal cancer, are the following:

1. cancer invading the posterior commissure of the larynx;

2. cancer involving both arytenoid cartilages;
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3. cancer invasion of ossified thyroid or cricoid cartilage;

4. fixation of the vocal cord;

5. bulky transglottic lesions (when there is high suspicion of paraglottic space
involvement). The difficulty with bulky transglottic lesions is cancer recurrence
after vertical partial laryngectomy. Analysis of the patients who have had
recurrent tumor as reported by Biller [3] discloses four main areas of concern:
a. persistent tumor at the superior margin,

b. tumor invasion of the pre-epiglottic space,
c. lateral extension to the paraglottic space,
d. invasion at the posterior incision of the thyroid lamina.

This is a field of surgery that is in transition, and, just as is the case with radiation
therapy and chemotherapy, the decision process is complex and evolving. Sel-
ection of treatment for each patient must be individualized and based upon careful
attention to the best current information in regard to indications and contraindi-
cations of specific surgical procedures, as well as consideration of the changing
role of combination therapy with adjuvant chemotherapu and adjuvant radiation
therapy.

Technique of extended vertical partial laryngectomy

Vertical partial laryngectomy and laryngoplasty is a concept that deals with the
conflict between excising as much tissue as possible in order to preserve function.
When carcinoma involves the anterior commissure of the larynx, or when it is
invading both true vocal cords (horseshoe lesion), a number of specific technical
points must be considered. The absence of an internal perichondrium in the region
of the anterior commissure tendon predisposes this area to local cancer invasion.
When cartilage invasion has occurred, there are also technical problems with
regard to its curability utilizing radiation therapy. This situation is clearly docu-
mented and repeatedly expressed in patient series analyses drawn from the
experience of the last two decades. Because of the decreased protection against
local tumor invasion in this region, a number of surgical technique modifications
have been devised for resection of the cartilage region of the anterior commissure.
The technique that we employ begins with a curved, collar incision placed one
finger breadth below the cricoid cartilage and curving superiorly for about three
centimeters in order to create a flap that can be elevated deep to the platysma
muscle and up to the level of the hyoid cartilage. The soft tissue is then incised
in the midline down to the perichondrium on the surface of the thyroid cartilage.
The external thyroid perichondrium is carefully elevated laterally and is sutured
to the overlying sternohyoid, sternothyroid, muscle. The plane between the peri-
chondrium and the overlying muscles is not dissected but is purposely left
undisturbed in order to maximize the integrity of nutrient vessels. Two paramed-
ian incisions are made through the thyroid cartilage as shown in Figure 1A.



36

Figure 1. (A) Creation of a central cartilage segment in patients with anterior commissure carcinoma.
(B) Elevation of the internal thyroid pericondirum on both sides. (C) Laryngeal entry away from the
tumor as first step in resection. (D) Primary resected with adequate margins as exposure is gained.

The inner perichondrium is then exposed through these incisions and an
elevation between the cartilage and perichondrium is carried back to the level of
the superior and inferior cornua on each side (Figure 1B).

The airway is entered from inferiorly by means of an incision through the
cricothyroid ligament. This incision is extended initially on the side of lesser tumor
involvement, and as visualization of the tumor is gained from below, the surgeon
is guided with regard to the subsequent superior dissection which procedes under
direct visualisation. The exposure is increased by working on the side of lesser
tumor involvement in order to avoid any risks of cutting across the tumor at this
point. Further entry into the larynx is gained by continuing the dissection toward
the side of greater tumor involvement as shown in Figure 1C. As this superior
line of incision is increased and as the surgeon comes across the midportion of
the false cord, the larynx can be opened in a manner comparable to the opening
of a book. Direct inspection of the superior, posterior, and inferior margins of
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Figure 2. (A) Reconstruction using bilateral, bipedicle muscle flaps with perichondrial tissue preserved

for surfacing the lumen. (B) Perichondrium sutured to mucosa bilaterally. (C) Silicone (Silastic) keel
is placed in the anterior commissure to prevent anterior web formation.

the resection is accomplished (Figure 1D), and the tumor is excised, Tissue biopsy
specimens approximately 2 mm in width are then obtained from each margin and
are sent for frozen section analysis. When confirmation of adequate tumor
resection has been received, the reconstructive phase is begun.

The reconstruction of the larynx is accomplished using bilateral, bipedicle
muscle-perichondrium flaps on each side. These muscle flaps consist of the
majority of the sternohyoid, sternothyroid, and thyrohyoid muscles along with
the external thyroid perichondrium which will form the new lining of the laryngeal
lumen.

The bipedicle muscle flaps are created by incising vertically from a point
approximately 1 cm above the superior margin of the thyroid cartilage to a point
one centimerter below the inferior margin of the thyroid cartilage. The major
point of this reconstructive technique is the preservation of the thyroid alae and
the reconstitution of the surgical defect by the bipedicle muscle flaps (Figure 2A).
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Figure 3. Maximum limits of resection, anatomical. (A) A indicates thyroid cartilage; B, maximum
limits of cartilage resection (up to 1 cm beyond midline and upper one-half of ipsilateral cricoid
hemisphere); and C, perichondrium adherent to inner aspect of strap muscles. (B) A indicates
extension beyond one-third of opposite cord; B, greater than 10 mm anterior subglottic extension (risk
of T4 through cricoid membrane); C, extension beyond midventricle (risk of T4 in lateral ventricle
into thyroid ala); D, greater than 5 mm posterior subglottic extension (risk of T4 into cricoid cartilage).

The external perichondrium is sutured to the laryngeal mucosa at the posterior
resection line (Figure 2B). The muscle flaps and cartilage are then brought
together at the midline anteriorly, using a silastic keel to prevent anterior commis-
sure web formation (Figure 2C). The closure anteriorly can be fairly loose, and
the bulk of the two muscle flaps is positioned posteriorly, in order to avoid a
posterior glottic defect.

The alternative form of hemilaryngectomy is a procedure which sacrifices the
supporting thyroid cartilage. Standard hemilaryngectomy and an extended
vertical frontolateral laryngectomy (for disease involving the anterior commissure
or both vocal cords) involve removal of the hemithyroid cartilage with the
possibility of extending the cartilage cut beyond the midline as appears to be
necessary for more extensive lesions. This technique has been reported in a recent
publication by Mohr, Quenelle, and Shumrick [11].

They feel that the procedure is indicated for selected T1, T2, and T3 glottic
lesions and for any patient who refuses radiation therapy or experiences irradiation
treatment failure. Specific indications for this procedure include the following:
1. T2 glottic lesions, including those which have impaired cord mobility and those

patients who fail radiation. The anatomic limits are (a) involvement of one-

third of the opposite cord, (b) extension to the mid ventricle, (c) up to S mm

of posterior subglottic extension, (d) up to 10 mm of subglottic extension
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Figure 4. Beginning and initial skeletonization. A indicates perichondrium; B, saw cut.

anteriorly, and (e) the entire hemithyroid cartilage to 1 cm beyond the midlize
and up to as much as one-half of the ipsilateral cricoid hemisphere;
patients with T3 glottic lesions whose anatomic limits are as described above
and who are felt to have cord fixation by bulk or muscle invasion;

. T1 glottic lesions, particularly irradiation failures, irradiation refusals, and

patients diagnosed before the age of 40 years.

The contraindications to the technique as reported by these authors include the
following:

1.
2.
3.

poor pulmonary reserve (Fev 1 less than 60%);

the inability to learn a new swallowing technique;

anatomic limitations such as greater than one-third of the contralateral cord
being involved, greater than 10 mm of anterior subglottic extension, extension
beyond the midportion of the ventricle, more than 5 mm of posterior subglot-
tic extension, or when resection of greater than one-half of the upper cricoid
hemisphere would be required. These limits are shown graphically in Figure 3.
The surgical technique is shown in Figures 4 through 8. The horizontal skin

incision is made just below the level of the notch of the thyroid cartilage and
extending from mid-sternocleidomastoid muscle on the side of the lesion to the
anterior border of the sternocleidomastoid muscle on the contra-lateral side. A
subplatysmal plane is employed to raise the upper flap to a point beyond the
superior margin of the hyoid bone, and the lower flap is developed down to the
inferior margin of the cricoid cartilage. These strap muscles are transected
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Figure 5. Piriform sinus mucosa reflected. A indicates perichondrium remains adherent to undersur-
face of strap muscles even though detached from inferior border of thyroid cartilage; B, denuded
thyroid cartilage; C, piriform sinus mucosa being reflected from inner aspect of thyroid cartilage.

Figure 6. Cricothyroid joint being released. A indicates perichondrium; B, scissors transecting the
joint.

halfway between the thyroid cartilage and hyoid bone, and a perichondrial
incision is made along the margins of the hemithyroid. The perichondrium over
the hemicartilage is reflected downward with the strap muscles remaining attached
to it (Figure 4). The cartilage cuts are then made in accordance with the individual
requirements for adequate resection, and the larynx is then skeletonized as with
a total laryngectomy (Figure 5).

The cricothyroid joint is disarticulated (Figure 6), and an anterior, lateral
pharyngotomy is performed on the side of the lesion (Figure 7). Under direct
vision, the lesion is encircled as is consistent with obtaining adequate margins
(Figure 8), and the specimen is delivered.

The margins are then biopsied and the tissue is sent for frozen section analysis
to assess the adequacy of the operative procedure (Figure 9).
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Figure 7. Entry through anterolateral pharyngotomy. A indicates perichondrium; B, anterolateral
pharyngotomy site.

Figure 8. Entry into larynx viewed from inside. A indicates perichondrium; B, continuation of
pharyngotomy.

Figure 9. Frozen section biopsy specimens taken from stippled areas A (subglottic mucosa) and
B (opposite cord). Incision is carried along subglottic margin.
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Figure 10. Beginning of reconstruction. A indicates epiglottis; B, hyoid; C, circumhyoidal suture;
D, piriform sinus mucosa; and E, cricoid.

Figure 11. Recreating anterior commissure. 1 indicates true cord; 2 indicates attached neocord slightly
above recreated anterior commissure; 3 indicates hypopharyngeal mucosa.

When it has been determined that adequate margins have been achieved, the
reconstruction is begun. The epiglottis is stabilized by means of a circumhyoidal
suture (Figure 10). A functional anterior commissure is recreated by suturing the
retracted vocal cord remnant from the side of lesser involvement to the ipsilateral
thyroid cartilage. The piriform sinus mucosa is elevated on the side of the tumor
resection and then is pulled forward and sutured into place just above the
reconstituted glottis as shown in Figure 11.

The perichondrium that remains attached to the inner aspect of the strap
muscles is then used for the final surfacing and closure as shown in Figure 12.
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Figure 12. Near-completed reconstruction. 1 indicates reattached remaining cord; 2, strap muscles;
3, perichondrium; 4, hypopharyngeal mucosa — piriform sinus creating neocord; 5, remaining hypo-
pharyngeal mucosa — can be used to close laryngopharyngotomy by itself or in combination with
perichondrium; and 6, opposite thyroid cartilage.

Biller and Lawson [12] have reported a technique which is suitable for patients
who present with glottic carcinoma even more extensive than we have just
discussed. The procedure is recommended for those individuals with invasive
carcinoma involving the anterior commissure and both vocal cords, and it may
be employed when there is diminished vocal cord mobility bilaterally or even with
fixation of one cord and diminished motion of the other. There should be
subglottic involvement of less than one centimeter anteriorly and laterally and no
subglottic involvement posteriorly. Tumor should involve no more than the
arytenoid vocal processes and the anterior surface of the arytenoid cartilage
(including the vocal process) must be free of tumor. There must not be vocal cord
fixation on the side of the preserved arytenoid. The procedure is not recommend-
ed after radiation failure, but it may be employed when there is cartilage invasion
anteriorly or anterolaterally.

The technique described might be termed a ‘radical partial laryngectomy’ in
view of the fact that some patients will have only one arytenoid cartilage and the
posterior commissure preserved. The surgeon then performs a staged recons-
truction, which consists of rotating the remaining posterior border of thyroid
cartilages 90° forward in order to obtain tissue that will provide anterior-posterior
dimension length and support. A temporary of laryngostome is constructed using
skin flaps turned in from the neck. This laryngostome is closed later.

Although decanulation was possible, the patients who underwent the most
extensive resection had suboptimal respiratory function and were prone to respir-
atory infections. The procedure would seem to be justifiable and worthy of
further investigation and development in view of the fact that these patients are
confronted with no surgical alternative other than total laryngectomy.

Biller and Som [6] recommend another form of extended verical partial laryn-
gectomy for glottic carcinoma when there is posterior subglottic extension. The
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Figure 13. After resection of most of the ipsilateral cricoid cartilage, the defect is reconstructed using
a pedicled myochondral flap (inferior constrictor muscle and thyroid cartilage).

concern with lesions of this type is that invasive squamous cell carcinoma which
extends below the level of the vocal cord for more than 5 mm is very likely to
invade the adjacent cricoid cartilage. For this reason, the condition has long been
considered a contraindication for partial laryngectomy.

Resection of the upper portion of the posterior aspect of the cricoid cartilage
is possible and is certainly essential if one is to achieve adequate tumor resection.
When this has been attempted previously, there have been serious problems with
persistent postoperative aspiration.

In the resection and reconstruction which these authors propose, the technique
begins with a standard hemilaryngectomy, which is then combined with a re-
section of the upper portion of the cricoid cartilage as shown in Figure 13. The
posterior one-third of the thyroid cartilage is separated from the superior and
inferior cornua and is rotated into the cricoid defect that has been created. The
thyroid cartilage graft is nourished by its inferior constrictor muscle pedicle, and
serves to replace the cricoarytenoid complex so as to provide airway support and
prevent postoperative aspiration.

Biller and Lawson [3] have reported their experience with the management of
bulky transglottic lesions by means of a three-quarters extended vertical partial
laryngectomy. They feel that this procedure is indicated when the following
criteria are met:

1. a tumor 2 cm in diameter or less;

2. no evidence of vocal cord fixation;

3. absence of subglottic extension;

4. no involvement of the anterior commissure;
5. no evidence of cartilage invasion on CT scan;
6. no prior radiotherapy.
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After adequate excision of these tumors, the posterior one-fourth of the ipsilateral
thyroid ala is rotated and turned into position so that it bridges the gap from the
cricoarytenoid area to the anterior commissure, thereby serving as a cushion for
the opposite cord to meet. Their experience with five patients who were managed
successfully is quite promising, and it is hoped that a conservative surgical
procedure will prove to be adequate for this tumor which exhibits considerable
biological agressiveness in many patients.

Extended vertical partial laryngectomy may be combined with a partial pharyn-
gectomy and planned postoperative radiation therapy as described by
Sessions [13]. He describes a patient in whom a horizontal subtotal supraglottic
laryngectomy was combined with a vertical hemilaryngectomy and partial pharyn-
gectomy. The patient underwent reconstruction utilizing a free sternocleido-
mastoid muscle graft and subsequently received 60 Gy of planned postoperative
radiation therapy to the laryngopharynx in both sides of the neck.

His later course was complicated by atrophy of the reconstructed area, leading
to aspiration pneumonia. The patient was subsequently reconstructed using a
secondary cartilage implant to reconstitute the integrity of the glottis. The patient
has done well since, with no evidence of recurrence. Further experience with this
technique is required before its role in the standard management if this problem
(T3NOMO laryngopharyngeal cancer) is firmly established, but the concept is
quite intriguing.

More recently, near-total laryngectomy (as described by Pearson) has attracted
widespread interest. This technique is not discussed in detail here, because it is
felt to represent a different genre of surgical procedures. Respiratory function is
sacrificed intentionally, in order to attempt to preserve better phonation and
achieve a lower incidence of aspiration.

Surgical reconstruction after extended vertical partial laryngectomy

The term ‘laryngoplasty’ was coined by Pressman in 1954 [1]. It was a landmark
concept in the field of laryngology, and it awakened laryngeal oncologic surgeons
to the need to consider all appropriate steps that might be of value in restoring
or preserving laryngeal function to a maximum degree. The bipedicle muscle flap
that is utilizged with the cartilage sparing vertical partial laryngectomy is one of
several reconstructive techniques that have emerged during the past two decades.

Calcaterra [14] has noted that ‘reconstruction of the larynx for vertical partial
laryngectomy is of paramount importance in eventual voice and deglutition
rehabilitation. Many different methods of laryngeal reconstruction have been
tried, attesting to the challenge of minimizing hoarseness and aspiration after this
type of surgery’. He reports on the use of a superiorly based sternohyoid
myofascial flap to reconstruct the glottic defect after vertical partial laryngecto-
my. He has utilized this technique in 31 patients with good results over a 6-year
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Figure 14. Inferiorly based sternohyoid muscle flap placed into the surgical defect and sutured to the
cricoid cartilage posteriorly.

period and has noted that swallowing was resumed in all patients without
significant aspiration. Decanulation was delayed in eight of the 31 patients, but
they were eventually extubated.

Earlier, Sessions [15] and Hirano [16] reported their experience with the use of
sternohyoid muscle flap to reconstitute the more extensive defect that follows
extended vertical partial laryngectomy. Hirano employed a superiorly based
flap, while Sessions prefers the inferiorly based flap as shown in Figure 14. These
techniques are well within the capability of reconstructive surgeons, and they
warrant consideration as a standard reconstructive step in patients who undergo
hemilaryngectomy with sacrifice of the overlying thyroid cartilage.

Glottic reconstruction designed to enhance phonation and prevent aspiration
has been proposed in a variety of other forms. These include the following:

1. the use of perichondrium and investing cervical fascia as proposed by Stegnja-

jic [17];

2. utilization of the epiglottis to reconstruct large anterior glottic defects as

proposed by Tucker et al.[18] and as illustrated in Figure 15;

3. utilization of composite nasal septal cartilage grafts as reported initially by

Duncavage and Toohill, later by Laurian and Zohar, and recently summarized

by Butcher and Dunham [19] and as illustrated in Figure 16.
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Figure 15. Laryngoplasty accomplished by mobilizing the epiglottis and displacing it inferiorly to
reconstruct a large anterior glottic defect.

Figure 16. Nasal mucoseptal graft to reconstruct the anterior one-half of the larynx following resection
of anterior glottic stenosis.

Figure 17. Free graft of the thyrohyoid muscle is sewn into the surgical defect after vertical partial
laryngectomy.
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Figure 18. Free fat graft augmenting the glottic region after vertical partial laryngectomy.
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Figure 19. Creating a pseudocord by folding the superior portion of the thyroid cartilage medially
to fill the defect after an extended supraglottic partial laryngectomy.

4. the use of free muscle graft as described by Quinn[1] and illustrated in
Figure 17;
5. the use of a free fat graft as recommended by Dedo [1] and shown in Figure 18;
6. the cartilage fold-over operation as originally reported by Ogura and Dedo [1]
and as illustrated in Figure 19.
When the anterior commissure technique of the vertical partial laryngectomy
is used, there is sometimes a problem with postoperative web formation at the
anterior commissure. A variation of the traditional McNaught keel is described
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Figure 20. (A) Anterior commissure tumor with extent of resection outlined. (B) Silastic sheeting
interposed between vocal cords and fixed with stitches through thyrohyoid and cricothyroid memb-
ranes, through skin and tied over buttons.

by Blitzer et al. [20] and shown in Figure 20. This adjunctive step is helpful in
terms of prevention of the web, and it is easily removed by direct laryngoscopy
during the early postoperative period.

The recurring theme that is noted throughout many of these reconstructive
techniques, is that elaborate reconstruction steps are necessary in the event that
there has been extensive local tissue removal, particularly when the arytenoid
cartilage is excised. The concept of ‘arytenoid unity’ as described by Guerrier [2]
must be understood by laryngeal surgeons. The integrity of arytenoid unity
(proper form and function of the pharyngoepiglottic fold, the arytenoid, and the
corresponding cord) must be reestablished. When the arytenoid unit is destroyed
by surgery, aspiration is inevitable, and as Guerrier [2] points out, ‘during
deglutition, the base of the tongue and the arytenoid are everything, the epiglottis
is nothing’. Careful attention to detail in regard to this one concept is probably
the most important element of laryngeal reconstruction.

Results of surgical treatment

We have utilized vertical partial laryngectomy and extended vertical partial
laryngectomy in the surgical management of 110 patients with glottic carcinoma
during the past 23 years. The first 5 years of this experience involved patients at
the University of California at Los Angeles and Harbor General Hospital (Tor-
rance, California), and the past 18 years involved patients at the University of
Texas Medical Branch in Galveston. Of this larger group of 110 patients, extend-
ed vertical partial laryngectomy was performed in 84 patients. Failure of radiation
therapy for glottic carcinoma was the indication for surgery in 14 of these
84 patients. There was tumor invasion involving the anterior commissure and
both cords in 71 patients, and superficial transglottic lesions were present in
13 patients. Most of the patients have been followed in excess of 10 years, and
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all of the subsequent data will pertain to the patients who have been followed for
more than 3 years.

The overall cancer death rate is 7.2% (eight of 110 patients). The cause of death
in this group was lung cancer in four patients, residual laryngeal cancer in three
patients, and carcinoma of the liver in one patient. Seven of the 110 patients
(6.3%) died of other causes. In this group there were five patients who died of
cardiovascular disease and two patients who succumbed to respiratory disease.
Death from cardiovascular disease is a predominant cause and probably reflects
the pathology of the cardiovascular system that is often associated with the same
etiological factor involved in the development of the glottic carcinoma — namely
heavy smoking.

Vertical partial laryngectomy and extended vertical partial laryngectomy have
been very effective in achieving local control. Laryngeal recurrence was observed
in 11 of the 110 patients (10%). Of this group of 11 patients, four ultimately died
of carcinoma (three larynx, one lung), two patients were succesfully salvaged by
a second partial laryngectomy, and five patients were salvaged by total laryngecto-
my. Two patients developed cervical lymph node metastasis in association with
their local laryngeal recurrence.

Postoperative morbidity consisted of transient aspiration (2 to 4 months in
duration) in six patients. There were four patients who developed laryngeal
stenosis, two patients with severe hoarseness (very breathy voice voice following
vertical partial laryngectomy), and one patient early in the series who developed
a serious local infection and who is also included among the patients with stenosis.

The present status of this patient group is that 90 patients are alive and well,
with adequate voices and no evidence of disease. Five patients are alive without
evidence of disease, with total laryngectomy being required for salvage. Most of
the patients is this series have been followed for more than 10 years.

The experience with conservation laryngeal surgery for a 10-year period at the
University of Michigan has been summarized in a recent article by Maceri ef
al.[21]. While this review does not analyze the patients with extended partial
laryngectomy as a separate group, it does provide a helpful overview of the
relationship of conservation laryngeal surgery to the total treatment picture.
Between 1972 and 1982, 342 patients with glottic carcinoma were seen. Of this
group, 82 were excluded because of poor follow-up or because their primary
treatment was received elsewhere. This left a study group of 260 patients. Of this
group, 110 patients presented with supraglottic carcinoma, and 33 of the 110 were
managed by supraglottic partial laryngectomy. There were 150 of the 260 patients
who presented with glottic carcinoma, and 21 vertical hemilaryngectomies were
performed in this group. This provided total group of 54 patients who had
undergone partial laryngectomy. Analysis of this group led to the following
conclusions:

1. over 66% of the patients undergoing partial laryngectomy were ultimately
decanulated;
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2. completion laryngectomy was required in 21% of the patients in this group;

3. permanent tracheotomy was required for 30% of the patients undergoing
supraglottic laryngectomy and 10% of the patients undergoing vertical hemila-
ryngectomy;

4. the ultimate vocal quality is independent of the type of conservation surgery
utilized;

5. local control was not compromised by conservation surgery. The disease-free
survival was equivalent for the partial laryngectomy group and a radiation
therapy comparison group of similar patients;

6. persistant laryngeal edema requiring tracheotomy was associated with recur-
rent or with residual invasive carcinoma 60% of the time.

Extended vertical partial laryngectomy has been utilized in the management of

T3 glottic carcinoma as reported in two major series. The first of these reports

the experience of Ogura and his colleagues in St. Louis [5]. In this patient series,

there were 18 patients who underwent hemilaryngectomy for T3 glottic carcino-
ma. This group experienced an 85% 5-year survival which probably represents
the maximum curability for this lesion by any modality. It almost certainly
reflects a very careful process of patient selection and excellent surgical technique.

In Europe, LeRoux-Robert [22] has been the primary proponent of extended
vertical partial laryngectomy. He has been able to achieve an overall survival rate
of 61% in the treatment of 127 patients with T3 (fixed cord) glottic carcinoma
utilizing hemilaryngectomy. While this result is less dramatic than that reported
by Lesinski, Bauer, and Ogura, the patient group is much larger, and the result
is still better than that reported for total laryngectomy plus radiation therapy in
many other series.

Mohr et al.[11] have utilized extended vertical partial laryngectomy in the
treatment of 27 patients with T2 glottic carcinoma and five patients with T3
glottic carcinoma. In the patient group with T2 lesions, the 3 year adjusted
survival rate was 100%; the S year rate was 94.1%; and the 10 year rate was
84.7%. The average survival in years was 5.48. The group of five patients with
T3 lesions was followed for an average survival time of 8.4 years. One patient
died of prostatic carcinoma, and the remaining four patients are alive and well
without evidence of disease.

Biller and Lawson [3] utilized extended vertical partial laryngectomy for bulky
transglottic carcinoma in a group of five patients whom were followed for 1142
to 21/ years. In this patient group, they achieved the following results:

1. four of five patients were able to swallow without aspiration;

2. all five patients were decannulated (two at 3 weeks, two at 5 months, and one
at 9 months);

3. no recurrence of carcinoma had been observed at 1.5 to 2.5 years postopera-
tively.

Biller and Lawson [12] reported their experience with a group of five patients who

underwent bilateral vertical hemilaryngectomy for extensive bilateral, invasive



52

glottic carcinoma. These patients had a two-stage procedure consisting of wide
local excision of the tumor and reconstruction as described previously in this
chapter. The outcome in this group was quite favorable with regard to achieving
a good airway, good glottic closure, and good vocal quality. One patient died of
a pulmonary embolus, but the other four patients remained alive and well
and free of disease for periods of 3, 6 (2 patients) and 7 years.

Tucker et al. [18] studied ten patients who underwent extended vertical partial
laryngectomies for bilateral invasive glottic carcinomas. Many of these patients
were left with only one arytenoid and the posterior commissure following the
cancer resection. Utilization of the epiglottis to reconstitute the glottic complex
resulted in the following outcome:

1. nine of the ten patients were decannulated within 17 days;

2. all patients were able to be fed orally at periods ranging from 1 to 18 days;

3. all but one patient was discharged within 23 days postoperatively (one patient
developed aspiration pneumonia with delayed decannulation and was dis-
charged from the hospital at 9 weeks);

4. no recurrence was observed in this patient group at follow-up ranging up to

23 months.

Biller and Som [6] described their experience in the surgical management of five
patients with posterior subglottic extension. These patients would formerly have
been considered to be inoperable in terms of extended vertical partial laryngecto-
my because of the need to resect the cricoid cartilage. The reconstruction employ-
ed in this report has been described previously in this chapter. The outcome results
in these five patients are as follows:

1. deglutition was adequate at 14 days in all five patients, and there were no

problems with long term aspiration;

2. four of the five patients were decannulated at 2 weeks, (3 patients) and

20 weeks (1 patient);

3. one patient developed recurrent carcinoma, but the remaining four patients
were free of tumor at 2 years (1 patient), 4 years (2 patients), and 5 years
(1 patient).

Extended supraglottic laryngectomy

The supraglottic laryngectomy procedure is a conservation laryngeal procedure
that is now widely used with a high success rate in well selected patients. However,
if cancer has spread beyond the limits of resection for this operation, a wide field
total laryngectomy or an extended supraglottic laryngectomy is necessary for cure.
Different techniques of the extended supraglottic laryngectomy are used when
cancer involves areas such as an arytenoid, a piriform sinus, or the base of tongue.
Knowledge of the regional anatomy will facilitate understanding these surgical
procedures, and it is briefly reviewed here.
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Anatomically, the border between the glottic and supraglottic regions of the
larynx is the superior arcuate line where squamous epithelium meets respiratory
epithelium. Clinically, an imaginary horizontal plane passing through the laryn-
geal ventricles divides these regions. The superior surfaces of the true cords form
the floors of the ventricles and are in the glottic region. The undersurfaces of
the false cords form the roofs of the ventricles and are in the supraglottic region.
The supraglottic region of the larynx is subdivided into sites. These include false
vocal cords, aryepiglottic folds, infrahyoid epiglottis, and arytenoids.

Another area of the supraglottis, the preepiglottic space, is a particularly
important avenue for cancer spread. It is bordered anteriorly by the thyrohyoid
membrane and upper portion of the thyroid cartilage, posteriorly by the epiglottis
and quadrangular membrane, and superiorly by hyoepiglottic ligament. The space
is filled predominately with adipose tissue and lymphatics and communicates
posterolaterally with the paraglottic spaces. This area must be completely resected
when excising supraglottic carcinomas, because natural dehiscences in the epiglot-
tic cartilage at the petiole allow invasion in a high percentage of cases[23-25].

Indications and contraindications

The standard supraglottic laryngectomy is indicated for patients with supraglottic
carcinomas confined to the supraglottic region of the larynx. A medical contrain-
dication is pulmonary disease that causes the patient’s forced expiratory volume
in 1s to be less than 60% of predicted value. Pulmonary function tests are
essential for any patient who is a candidate for this operation or its extended
version. Other contraindications include tumor involvement of the anterior or
posterior commissure, both arytenoids, thyroid cartilage, floor or laryngeal
ventricles, or glottis. True vocal cord fixation or impaired mobility is also a
contraindication. When cancer spreads to the base of tongue, piriform sinus, or
one arytenoid, an extended supraglottic laryngectomy can sometimes be perform-
ed. However, pririform sinus involvement cannot extend inferiorly to the apex
because this is at the level of the glottis. Base of tongue involvement should not
extend beyond a line 1 cm posterior to the circumvallate papillae. If it does,
special techniques are necessary to suspend the larynx as described by Hillel and
Goode [26] or to reconstruct the base of tongue defect.

Surgical techniques

An appreciation of the basic concepts of the standard supraglottic laryngectomy
is necessary to understand the extended versions of this procedure (Figure 21).
The standard supraglottic laryngectomy is begun by elevating the external peri-
chondrium away from the superior half of both thyroid alae. Following this, a
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Figure 21. Technique of supraglottic laryngectomy.

horizontal cut is made through the thyroid cartilage at a level midway between
the thyroid notch and inferior border of the thyroid cartilage in the midline. The
pharynx is entered either through the vallecula above the hyoid bone or through
one of the piriform sinuses, depending upon-where the primary tumor is located.
The principles are to enter the pharynx through a ‘safe’ area away from the
primary tumor and to visualize it well initially. The opening into the vallecula is
widened, and incisions are carried down both lateral pharyngeal walls to the base
of the piriform sinuses. The epiglottis is then grasped with a tenaculum, and the
larynx is pulled upward so that the primary tumor and supraglottic structures can
be seen through the pharyngotomy. The incision is extended down each aryepi-
glottic fold just anterior to the arytenoids. With one blade of the scissors placed
in the laryngeal ventricle and the other in the piriform sinus of the same side, this
incision is continued through the ventricle and the overlying cartilage incision
toward the anterior commissure. This is done on both sides, and the specimen
is removed. Before closure of the defect, frozen section biopsies are taken from
several areas to insure that margins close to the tumor are negative for malignan-
cy. These areas usually include the piriform sinuses, the laryngeal ventricles, and
the area just above the anterior commissure. When a frozen section diagnosis is
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Figure 22. Suturing the laryngeal remnant to the mandible so that the postoperative glottic position
will be placed as far superiorly and anteriorly as possible.

positive for malignancy, further excisions are performed until a negative report
is obtained.

After tumor resection, meticulous reconstruction enhances a smooth postoper-
ative course. The incisions down through the aryepiglottic folds leave denuded
soft tissue and sometimes leave exposed arytenoid cartilage. Mucosal coverage of
these areas is necessary to avoid fibrosis and possible supraglottic stenosis. Two
or three chromic catgut sutures are used to reapproximate the mucosal edges. Care
should be taken to avoid closing these areas too tightly, because this will tether
the vocal cords. Closure of the pharyngotomy is accomplished by suturing the
previously dissected perichondrium to the base of tongue and closing the lateral
pharyngeal wall defects. Sutures that approximate the perichondrium to the base
of tongue should pass through the tongue musculature approximately one cen-
timeter away from the cut mucosal edge of the base of the tongue. This allows
the base of tongue to act as a shelf over the glottis and keeps food from funneling
directly into the glottis.

Extended supraglottic laryngectomy

When a supraglottic carcinoma extends into the base of tongue, the standard
supraglottic laryngectomy can be extended to include this area. However, if
greater than half of the base of tongue requires resection, special techniques are
necessary for reconstruction. Regional myocutaneous flaps can be rotated into
the defect, but these are adynamic and often too bulky, resulting in dysphagia
with or without aspiration. An anterior tongue setback flap can also be performed
to replace the resected portion of the tongue base. This may be more physiologic
than a myocutaneous flap, but has been described for use after carcinoma
resection of the base of the tongue without laryngectomy rather than for supra-
glottic carcinoma that invades the base of the tongue [27]. Another option is
suspension of the larynx from the mandible. The objective of the procedure is
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Figure 23. Frontal and lateral views showing the location of the laterally suspended larynx and the
final placement of the suspension sutures (From Hillel, A.D., Goode, R.L. i26].).

to bring the glottis up to a more superior and anterior position, allowing food
to pass lateral and posterior to it (Figure 22). Permanent suspension wires or
sutures are passed through drill holes in the remaining thyroid alae. The larynx
is suspended from the anterior mental area of the mandible [28], or if resection
has largely been one side of the base of tongue and pharynx [26], the larynx is
suspended from the ipsilateral mandibular condyle (Figure 23).

Supraglottic carcinomas that cross the laryngeal ventricles to involve at least
one true vocal cord are by definition transglottic lesions. If the vocal cord is fixed,
a total laryngectomy should be done. However, without fixation several tech-
niques have been described for resecting the involved glottis with the supraglottic
structures and maintaining glottic competence. Biller and Lawson [3] describe a
technique for transglottic carcinomas in which the specimen includes epiglottis,
false vocal cords, one true cord, an arytenoid, the adjacent cartilage, the
subglottis to the lower border of the thyroid cartilage, and the paraglottic space
to the medial aspect of the piriform sinus. The glottis is reconstructed by
mobilizing the remaining posterior part of the thyroid lamina on the ipsilateral
side, wiring it to the anterior commissure anteriorly and the midcricoid posterior-
ly, and covering this with piriform sinus mucosa.

Occasionally, supraglottic carcinoma involves the anterior face of one ary-
tenoid but does not extend to the glottic region. Provided clear margins can be
ontained, the involved arytenoid can be removed with the supraglottic specimen.
In this case, the vocal process is left attached to the true vocal cord, and glottic
competence is restored by suturing the vocal process posteriorly to the cricoid
cartilage in the midline.

When a supraglottic carcinoma spreads outside the larynx to a piriform fossa,
partial pharyngectomy can sometimes be performed in conjunction with supra-
glottic laryngectomy. However, this puts the patient at increased risk for dysphag-
ia and aspiration. Involvement should be limited to the base of the piriform sinus.
Since the apex is at the level of the glottis, extension here would require removal
of the ipsilateral vocal cord. Near-total laryngectomy has recently been described
for fixed cord glottic carcinomas[29]. This operation may also be used for
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Figure 24. (A) The tumor is visible, obliterating the right vocal cord, ventricle, and false cord. The
laryngeal incision continues down through the cricoid and swings around through the right upper
trachea, deep to the thyroid gland. (B) The interarytenoid muscle is cut in the midline. (C) The
myomucosal laryngeal remnant is tubed on itself. Note the flap from the pharynx, which is necessary
to augment the tube when laryngeal mucosa in insufficient.

infrahyoid supraglottic carcinomas that involve the glottis or for transglottic
lesions that extend to the piriform sinus (Figure 24A, B, C).

Whether by standard supraglottic laryngectomy or an extended version, cancer
of the supraglottic latynx is curable with conservation laryngeal surgery. In a
review of 260 cases of supraglottic cancer treated between 1971 and 1980, DeSan-
to concluded that surgery alone for this disease compared favorably to combined
surgery and radiotherapy or radical radiation and surgical salvage. He found only

a 2% local recurrence rate among the 98 patients treated by supraglottic laryngec-
tomy [30].
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Conclusion

The history of extended vertical partial laryngectomy is rich in terms of innovation
and creativity. The examples we have described in this chapter are but a few of
the many contributions that have been made to this field and which have served
to improve the quality of surgical care and increase the options available to
patients with laryngeal cancer. The field has reached a point in its evolution where
it deserves support in terms of research funding for randomized prospective
studies designed to assess the relative merits of the many different surgical
procedures. This type of information would be of great value in clarifying the
correlation between surgical techniques and functional outcome.

The ability to control advanced laryngeal cancer by means of conservation
surgical techniques has been clearly established over the past two decades. The
future of conservation laryngeal surgery appears bright, but we inevitably return
to three fundamental conclusions when we assess the progress in this field:

1. surgeons who choose to perform conservation laryngeal surgery must follow
all of the rules in regard to patient selection. This involves a very careful
analysis of the patient’s general health, laryngeal neoplasm, and psychological
make-up;

2. the surgeon must individualize the treatment for each patient. Minor variations
in tumor site may create major differences in the treatment outcome. Further,
while some patients will accept readily the challenges of learning new strategies
for speech and swallowing, others will not;

3. the surgeon must understand completely that case selection is the key to success
in conservation surgery of the larynx. One must avoid the temptation to fit
patients into a mold that you ‘wish’ were right for them.

Careful attention to the details of this type of surgery will bring great rewards

to patients and physicians in terms of successful management of glottic carcino-

ma.
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5. Laser surgery for head and neck cancer

ROBERT H. OSSOFF and ROBERT F. NEMEROFF

Introduction

Laser is an acronym that means light amplification by the stimulated emission
of radiation. A laser is an electro-optical device that is usually a gas or crystal.
The atoms of this lasing medium typically exist in nature at several different
energy levels across the electromagnetic spectrum. When these atoms are stimulat-
ed by an extrinsic energy source, they will emit electromagnetic radiation oar
photons in a narrow, intense beam. The light emitted from a laser, then, is
organized light in direct contrast to the random pattern light that is emitted from
the common light bulb. The key to this organization is stimulated emission.

The first laser, a pulsed ruby laser, was discovered by Maiman in 1960 [1]; this
laser had a wavelength of 0.69 um and emitted light in short pulses lasting only
1 ms or less. Soon after Maiman’s discovery, the output power of the ruby laser
was increased, and the neodymium (Nd)-in-glass laser was developed [2].

Preliminary work with these two lasers stimulated interest in the field of
medical research regarding the possible application of laser energy to treat and
cure cancer. Investigators began to use both of these lasers on various tumor lines
implanted in experimental animals, and it was quickly determined that the entire
tumor had to be destroyed if a cure was to be achieved. This was relatively difficult
with the low powered ruby and Nd-in-glass lasers because of the low absorption
of these wavelengths in nonpigmented biologic tissue. To facilitate tumor de-
struction, therefore, researchers began to use higher and higher power densities
of these two pulsed lasers. Mechanical tissue disruption occured at these higher
power densities, causing viable cancer cells to be propelled into the laboratory
environment as well as elsewhere in the animal [3]. Needless to say, these findings
had a significantly negative effect on the use of lasers in cancer research.
However, the concept of differential absorption of laser light by biologic tissue
was learned from these early experiments, and this concept stimulated research
and development of other lasers.

Interest in the carbon dioxide laser was stimulated by Yahr and Strully when
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they discovered that they could make a fine incision in skin and also perform a
partial liver resection with minimal blood loss utilizing this laser [4]. Encouraged
by these findings, researchers in the laboratories of the American Optical Corpo-
ration developed a carbon dioxide laser system for surgical research [5]. Between
1967 and 1972, numerous concurrent investigations were undertaken in the
various surgical specialities utilizing this laser.

Interest in using this laser for laryngeal surgery began in 1967 when Jako
discovered that he could produce discrete lesions in a cadaver larynx with the
focused beam of a carbon dioxide laser. Development of an endoscopic attach-
ment and micromanipulator by Bredemeier [6] allowed this laser to be utilized
with the operating microscope for laryngeal surgery. Jako [7] utilized this micro-
manipulator attachment with the microscope to study vocal cord surgery with the
laser in the canine model. He demonstrated that the depth and extent of tissue
removal could be precisely controlled with the carbon dioxide laser and that tissue
excision was bloodless and healing was uneventful. Jako concluded his research
in 1970 suggesting that ‘vocal cord surgery with the carbon dioxide laser was ready
for clinical trials’.

In 1971, Strong and Jako began using the carbon dioxide laser in laryngeal
surgery; they presented their first fourteen cases treated with this laser at the 1972
annual meeting of the American Broncho-Esophagological Association [8]. Two
years later, Strong reported on 15 patients with tracheobronchial disease treat-
ed 70 times with the bronchoscopic attachment to the carbon dioxide laser [9].
At the Centennial Conference on Laryngeal Cancer held in Toronto, Canada
in May 1974, Strong reported for the first time on the use of the carbon dioxide
laser in the treatment of patients with selected early cancers of the glottic
larynx [10].

This pioneering report helped to establish the carbon dioxide laser as a thera-
peutic instrument in the curative treatment of early squamous cell cancers of the
head and neck. Other lasers have now found a place in the surgical armamentar-
ium for treating patients with malignant neoplasms of the upper aerodigestive
tract, either therapeutically or palliatively. This article will describe the currently
accepted role of the carbon dioxide laser in the therapeutic management of
squamous cell carcinoma of the upper aerodigestive tract. Additionally, the role
of the Neodymium: Yttrium Aluminum Garnet (Nd: YAG) laser in the palliation
of patients with tracheobronchial airway obstruction and the argon pumped
tunable dye laser used for photodynamic therapy (PDT) in the management of
patients with early, superficial squamous cell carcinoma of the upper
aerodigestive tract will be briefly discussed.

Carbon dioxide laser

Carbon dioxide lasers produce light with a wavelength of 10.6 um in the invisible
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range of the electromagnetic spectrum. A second, built-in, coaxial helium neon
laser is necessary to indicate with its red color the site where the invisible CO,
laser beam will impact the target tissue. This laser, then, acts as an aiming beam
for the invisible carbon dioxide laser beam. The radiant energy produced by the
carbon dioxide laser is strongly absorbed by pure, homogeneous water and by all
biological soft tissues. The extinction length of this wavelength is 0.03 mm in
water and in soft tissue; reflection and scattering are negligible. Because ab-
sorption of the radiant energy produced by the CO, laser is independent of tissue
color, and because the thermal effects produced by this wavelength on adjacent
nontarget tissues are minimal, the carbon dioxide laser has become extremely
versatile for use in otolaryngology-head and neck surgery.

With current technology, light from this laser cannot be transmitted through
existing flexible fiberoptic endoscopes, although research and development of a
suitable flexible fiber for transmission of this wavelength is being carried out on
an international level. Presently, the radiant energy of this laser is transmitted
from the optical resonating chamber to the target tissue via a series of mirrors
through an articulating arm to the target tissue. This laser can be used free-hand
for macroscopic surgery, attached to the operating microscope for microscopic
surgery, and adapted to an endoscopic coupler for bronchoscopic surgery [11];
in this application, rigid, nonfiberoptic bronchoscopes must be used [12].

Larynx

Endoscopic management of squamous cell carcinoma of the glottic larynx is not
a new concept. Lynch [13] reported on 39 patients with early glottic cancers
managed by transoral excision in 1920. New and Dorton [14] in 1941 reported a
90% cure rate in ten patients managed with transoral excision and diathermy.
Lillie and DeSanto [15] reported on 98 patients with early glottic carcinoma who
were treated with transoral excision in 1973; all were cures, although five of these
patients required further treatment.

The transoral excision of squamous cell carcinoma of the larynx utilizing the
carbon dioxide laser is, therefore, an obvious extension of the application of this
surgical instrument. The advantages of precision, hemostasis and decreased
post-operative edema allow the laryngologist to perform exquistely accurate and
relatively bloodless endoscopic surgery of the larynx.

Three distinct roles exist for the use of the carbon dioxide laser in the manage-
ment of patients with early squamous cell carcinomas of the glottis. First, with
the laser it is possible to excise bulky tumors located on the anterior commissure
or vocal fold; this aids in obtaining an accurate assessment of the size and depth
of invasion of the tumor for purposes of staging and treatment. Additionally,
previously biopsied tumors of the vocal cord may represent a diagnostic problem
with respect to their extent. Here the laser may be used to excise the area
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surrounding the biopsy site. Inexact staging following direct laryngoscopy is fairly
common.

T, glottic carcinoma represents a family of early cancers confined to one or
both vocal cords. The extent of disease can be variable but requires vocal cord
mobility as determined by indirect or direct examination. This implies that the
tumor is confined to the surface epithelium and has not deeply invaded the vocalis
muscle. However, deep invasion of the vocalis muscle has been found after
excisional biopsy with the carbon dioxide laser in patients who were staged T,
by indirect exam [16]. Therefore, excisional biopsy with the laser allows the
surgeon to differentiate those early glottic lesions which are superficial from those
which have deeply invaded the vocalis muscle.

Airway reestablishment is the second role of the carbon dioxide laser in the
management of patients with squamous cell carcinoma of the larynx. Here, the
laser can be used to reduce the amount of tumor obstructing the airway, thereby
avoiding the need for a preoperative tracheotomy [17].

Endoscopic laser excision of early laryngeal squamous cell carcinoma confined
to the true vocal cords may be curative. This represents the third role of the carbon
dioxide laser in the management of patients with carcinoma of the larynx. Reports
by Blakeslee [18] and Koufman [19] support the previous nonlaser series of Lillie
and De Santo, New and Dorton, and Lynch, and a recent paper by Ossoff et
al. [20] demonstrates the efficacy. (96% 3-year absolute survival rate) of endoscop-
ic excisional biopsy of early glottic carcinoma with this laser.

Our current treatment plan for the management of patients with early cancers
confined to the true vocal cords includes an excisional biopsy with the carbon
dioxide laser. Supravital staining with toluidine blue is performed as a diagnos-
tic aid prior to biopsy. The surgical specimen is labeled and oriented prior to being
sent for frozen section examination. Any questionable margins are controlled by
frozen section to the limits of endoscopic cordectomy [21]. If the tumor is found
to be histologically a T; or T,, the patient is later treated by traditional surgi-
cal techniques (partial or total laryngectomy) or by external beam radiation
therapy.

Treatment of selected, early glottic carcinomas can be approached with optim-
ism because of several factors. First, true vocal cord cancers cause early symptoms
and are relatively easy to diagnose. Second, they are the most common of
laryngeal carcinomas, making up about 70% in one series [22]. Third, at the level
of the glottic larynx, early midcordal cancers are limited to the confines of the
laryngeal framework, and the lymphatic system is not readily invaded. Fewer than
1% of patients with T, glottic carcinomas present with cervical metastasis [23].
Fourth, therapeutic expertise in the management of these early glottic cancers is
highly developed, and about 90% of patients with this disease will recuperate
regardless of the treatment modality used. Therefore, considerations other than
cure rate should be thought of when planning the initial treatment of these patients
with T, glottic carcinomas. Factors worthy of consideration include the quality
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of posttreatment voice, the cost of treatment, the time lost by the patient during
treatment, and the anticipated posttreatment morbidity, if any.

Advantages associated with the endoscopic management of patients with early
laryngeal cancer include accuracy associated with the use of the operating micro-
scope, minimal morbidity associated with the characteristic tissue interaction of
the carbon dioxide laser and the laryngeal soft tissues, and cost-effectiveness.
Because the diagnosis and therapeutic management of these early laryngeal
cancers can be performed on an ambulatory (outpatient) basis at the same time
when the carbon dioxide laser is utilized, this advantage will most probably cause
more head and neck surgeons to treat these early glottic cancers endoscopically
with the laser.

Two questions must be answered, however. First, which treatment option
(endoscopic laser excision or external beam radiation therapy) yields bet-
ter posttreatment voice quality, both short- and long-term? Second, which treat-
ment option is associated with less posttreatment morbidity? The author has
recently been funded by the National Cancer Institute to conduct a randomiz-
ed, prospective study over the next five years to attempt to answer these ques-
tions. Hopefully, at that time the answers to these two questions will have emerged
and the controversies surrounding the use of the carbon dioxide laser for the
management of patients with selected, early glottic carcinomas will be put to
rest.

Oral cavity

The indications for transoral resection of squamous cell carcinoma of the oral
cavity are limited to superficial lesions up to 4cm in diameter (T,) anterior to
the faucial arch. Sites that can be safely resected include the floor of the mouth,
tongue, buccal mucosa, gingiva, gingivobuccal sulcus and the soft palate. Perios-
teum may be stripped off of mandible or hard palate, but bone should not be
resected transorally.

Only those lesions that are superficial should be attempted by transoral re-
section with the laser. Resection of deep or moderately deep lesions is contraindi-
cated using this technique. Additional contraindications include lesions of the
retromolar trigone, lesions with cervical metastases, patients with trismus (indi-
cates deep invasion), patients with mandibular or maxillary involvement, recur-
rences after radiation therapy, and patients where exposure is poor because of
lesion location or general inaccessibility.

Transoral management of superficial cancers of the oral cavity involves excision
of the lesion and frozen section control. Supravital staining with toluidine blue
is performed in a manner similar to that for glottic lesions. Specimens should be
sent to pathology labeled and oriented on a specimen mount. Although transoral
resection of oral cavity squamous cell carcinomas can be performed free-hand
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with the laser hand-piece, use of the operating microscope provides excellent
illumination and magnification and more control of the actual excision.

Strong [24] reported 57 cases of primary squamous cell carcinoma of the oral
cavity excised transorally with the carbon dioxide laser in 1979. There were no
significant postoperative complications described in this series. Twenty-one of
these patients were followed for 30 months with two dead of local disease, two
dead of cervical metastasis, and one dead of a myocardial infarction.

The advantages of the transoral excision of squamous cell carcinoma of the oral
cavity with the carbon dioxide laser inclue precise dissection with microscopic
control, frozen section control of margins, decreased blood loss, minimal postop-
erative pain, decreased morbidity, and reduced hospitalization time. Because of
this latter advantage, this technique will probably be utilized more frequently in
the future for properly selected lesions.

Nd:YAG laser

Nd:YAG lasers produce light with a wavelength of 1.060 um in the invisible range
of the electromagnetic spectrum. The radiant energy of the ND:YAG laser is
weakly absorbed by pure water in which the extinction length is 60 mm. Therefore,
its radiant energy can be transmitted through clear liquids facilitating its use in
the eye or other water filled cavities such as the urinary bladder. The absorption
of light from this laser is slightly color dependent with increased absorption in
darkly pigmented tissues and carbonaceous debris. In biological tissue, strong
scattering, both forward and backward, determines the effective extinction length
which is usually 2 to 4 mm. Back scattering can account for up to 40% of the
total amount of scattering. The zone of damage produced by the incident beam
of a Nd:YAG laser produces a homogeneous zone of thermal coagulation and
necrosis which may extend up to 4 mm deep and lateral from the surface, making
precise control impossible.

This laser is an excellent surgical instrument with which to perform tissue
coagulation; vaporization and incision can also be performed with this wavel-
ength. When utilized for these two functions, however, precision is lacking, and
tissue damage is unpredictable.

The radiant energy from the Nd:YAG laser can be transmitted through flexible
fiberoptic delivery systems allowing its use with flexible endoscopes. When
utilized in the management of patients with obstructing neoplasms of the tracheo-
bronchial tree, it is considered safer to employ a rigid, ventilating bronchoscope,
rather than a flexible fiberoptic bronchoscope [25]. With this approach, the laser
fiber is passed down the lumen of the rigid bronchoscope with a rod lens telescope
and suction catheter [26]. Control of hemorrhage has been reported to be more
secure with the Nd:YAG laser because of its deeper penetration and scattering
effect in soft tissue [27]. Because hemorrhage is the most dangerous complication
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associated with laser bronchoscopy, the ability to control it is extremely impor-
tant. Therefore, we now favor the Nd:YAG laser to treat vascular lesions such
as obstructing carcinoma of the tracheobronchial tree.

Otolaryngologists may begin to use this laser in conjunction with the carbon
dioxide laser when performing bronchoscopic laser surgery. Here, the effective
coagulating properties of the Nd:YAG laser have been shown in our laboratory
research to augment the predictable vaporizing properties of the carbon dioxide
laser. Less soft tissue manipulation and shorter operative times may result from
such a combined wavelength approach to bronchoscopic laser surgery.

Argon tunable dye laser system

The argon tunable dye laser system works on the principle of the argon laser
making a high intensity beam which is focused on dye that is continuously
circulating in a second laser optically coupled to the argon laser. The argon laser
beam energizes the dye, causing it to emit laser energy. By varying the type of
dye and using a tuning system, different desired wavelengths can be obtained. The
laser energy from this dye laser can then be transmitted through flexible fiberop-
tics and delivered through endoscopic systems or inserted directly into tumors.
The major clinical use of this laser at the present time is in conjunction with
selective photodynamic therapy of malignant tumors following the intravenous
injection of the photosensitizer, hematoporphyrin derivative [28].

After the intravenous injection, the hematoporphyrin derivative disseminates
to all the cells of the body, rapidly moving out of normal tissue, but remaining
longer in neoplastic tissue. After a few days, there is a differential in concentration
between the tumor cells and the normal cells. When the tumor is exposed to red
light (630 um), the dye absorbs the light; the absorption of this red light causes
a photochemical reaction to occur. Toxic oxygen radicals such as singlet oxygen
are produced within the exposed cells causing selective tissue destruction and
cellular death. Since there is less photosensitizer in the normal tissues, a much
less severe or no reaction occurs. The main technical problem is getting enough
light to the target area. The argon tunable dye laser system has helped to solve
this problem [29].

From the results obtained by many investigators in this country, it is obvious
that the premise of treating selected neoplasms with hematoporphyrin derivative
followed by activation with red light is valid [30-32]. The overall potential and
exact place of maximum value of this form of treatment remains to be established.
Areas that appear to be very promising include carcinoma of the urinary blad-
der [33], endobronchial lesions of the lung [34], selected carcinomas of the upper
aerodigestive tract[35], skin cancers[36], and metastatic dermal breast can-
cers [37]. The potential for this compound to serve as a tumor marker in sites
where multicentric tumors are common, such as the mucosal surfaces lining the
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upper aerodigestive tract, has been recently discussed [38]. The Department of
Otolaryngology at Vanderbilt University Medical Center and the Department of
Otolaryngology-Head and Neck Surgery at Northwestern University Medical
School are two of ten centers in the United States currently involved in a
randomized clinical trial studying the efficacy of dihematoporphyrin ether (Pho-
tofrin™ II) in the management of patients with selected, superficial mucosal
carcinomas of the upper aerodigestive tract. The control arm in this investigation
calls for excision of the carcinoma with the carbon dioxide laser.

Conclusions

The carbon dioxide laser has established itself as a therapeutic instrument in the
management of selected squamous cell carcinomas of the head and neck. Cure
rates with this instrument parallel those obtained with traditional surgical instru-
ments or external beam radiation therapy for selected lesions of the glottic larynx
and oral cavity. There is a definite learning curve associated with the use of the
carbon dioxide laser; therefore, surgeons not familiar with its use should attend
a hands-on training course prior to beginning the most simple procedures on
human subjects. Because of the cost-effectiveness associated with the transoral
excision of laryngeal and oral cavity cancers with the carbon dioxide laser, it is
expected that the management of appropriate lesions with this laser will increase
over the next few years. Laser excision of obstructing neoplasms of the tracheob-
ronchial tree has a place in the palliative management of patients with lung cancer.
The role of photodynamic therapy in the management of patients with selected,
superficial mucosal carcinomas is currently being assessed.
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6. Radiation therapy with multiple fractions per
day in the treatment of head and neck cancer

JAMES T. PARSONS and RODNEY R. MILLION

Introduction

In the United States, radiation therapy for mucosal lesions of the head and neck
is most often delivered with a continuous course of irradiation consisting of five
180-200 rad fractions per week administered Monday through Friday. Deviations
from this schedule have usually been done for one of three reasons.

Convenience

From a practical standpoint, both patient and physician would like for treatment
to be completed in as short a time as is consistent with good results. Most clinical
investigations of altered fractionation have involved delivery of a reduced number
of high-dose fractions, administered once, twice, or thrice weekly, or occasionally
even single-dose therapy. Such treatment, which has come to be known as
‘hypofractionation’ [1], is less expensive, results in less interruption of normal
daily activities, and reduces the workload in a busy radiation therapy department
compared to conventional treatment.

Various methods have been tried through the years to mathematically equate
these abbreviated treatment schedules with conventional fractionation schemes.
The best known of these methods is the nominal standard dose (NSD) formula
of Ellis [2]. Other investigators have sought to devise new fractionation schemes
that produce acute reactions equivalent to those produced by conventional
schemes, on the assumption that the late effects and tumor control achieved by
the two dose schedules would also be equivalent.

In the vast majority of instances, whether the new schedules were devised
mathematically or by matching acute reactions, the late complications produced
by dose schedules employing fewer, larger-dose fractions have been much more
severe than had been predicted and tumor control has generally been poor [3-15].

Despite its description by Coutard in 1934 [16], the notion that there is a

C. Jacobs (ed) Cancers of the head and neck.
© 1987, Martinus Nijhoff Publishers, Boston. ISBN-13: 978-1-4612-9208-1
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dissociation between acute and late effects received little attention in the literature
until the last decade. It is now known that with X-rays, as one reduces the size
of the dose per fraction, one achieves a differential sparing of the tissues
responsible for late effects relative to those responsible for acute effects[17].

Patient comfort

Large-volume treatment at 180-200 rad/fraction, five fractions/week, to
6000-7500 rad generally produces considerable mucositis. Several investigators
have reported treatment results following irradiation with schemes that were
designed to minimize the acute side effects of therapy.

In 1965, Andrews reported the National Cancer Institute treatment results in
43 patients with head and neck squamous cell carcinoma who received 8000 R to
10,000 R (mode 9000 R) with 2 MV X-rays [5]. The overall treatment time was
usually 14 weeks with three fractions administered per week. The use of such a
protracted treatment schedule (600 rad/week) is attractive only from the
standpoint of acute tolerance; i.e., little or no mucositis is produced. Although
a few very early cancers were controlled at the NCI using this schedule, failure
to control moderately advanced and advanced cancers was nearly uniform.

At the University of California, San Francisco, in the late 1950s, emphasis was
placed on low daily doses for early vocal cord cancer in order to avoid acute
mucosal reactions [18]. In general, a dose of 180 rad/fraction was administered
to total doses of 5500-7000 rad [19], but in many instances, the daily dose was
closer to 160 rad [18]. With these protracted treatment schedules, the local failure
rates (T, 20%; T,, 48%) were twice those usually reported.

Split-course irradiation, which was used routinely at the University of Florida
between 1969 and 1974, is another means of making the patient more comfortable
during the treatment period. By introducing a rest interval during the middle of
a treatment course, the patient is relieved of a substantial period of moderately
severe or severe mucositis and instead has two shorter periods of milder discom-
fort. Tumor control by split-course techniques was poor compared to continuous-
course schemes [20, 21].

The likely explanation for lower control rates following split-course irradiation
or excessively protracted continuous-course techniques is repopulation of clono-
genic cells during the treatment course. The time factor is of extreme importance
in radiotherapy.

Improvement in therapeutic ratio

During the last decade, hyperfractionation and accelerated fractionation have
been used with increasing frequency in an attempt to exploit basic radiobiologic
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principles to improve the efficacy of radiation therapy. By definition, hyper-
Sfractionated radiotherapy refers to the delivery of a large number of smaller than
conventional fractional doses, in an overall treatment time that is similar to
conventional; hyperfractionation is usually accomplished by delivering more than
one fraction per day. The total dose is generally slightly higher than that delivered
by conventional schemes. If the total dose is not increased over that conventional-
ly utilized, the potential therapeutic advantage of hyperfractionation may be lost.
The usual aim is to deliver a dose that will increase the rate of tumor control while
keeping the rate of complications at an acceptable level [22].

By definition, accelerated fractionation refers to shortening the overall treat-
ment duration, using conventional (180-200 rad) dose fractions. Total dose is
similar to or slightly less than conventional. Acceleration may be accomplished
in a variety of ways, e.g., by treating a patient six or seven times per week instead
of five [23]. Alternatively, it may be accomplished by using multiple fractions per
day, 5 days per week. The rationale for such therapies is best explained by
considering the important determinants of fractionation response, the so-called
4R’s of radiation therapy: repair of sublethal damage, redistribution through the
cell cycle, reoxygenation, and regeneration [17].

We have already seen that dose fractionation preferentially spares tissues
responsible for late effects relative to those responsible for acute effects. These
observed differences in response to fractionation are apparently due to differences
in repair of sublethal damage between acute- and late-effect tissues [3]; in other
words, there are differences in the shapes of the respective cell-survival curves for
the two types of tissues. If, as would be expected, rapidly proliferating tumors
respond like acutely responding normal tissues, then as one decreases the size of
the dose per fraction, one should also see a differential sparing of the tissues
responsible for late effects relative to the tumor itself; i.e., the therapeutic ratio
should be enhanced. Hyperfractionation would theoretically provide a therapeu-
tic gain.

By increasing the number of fractions, one increases the probability that
redistributing tumor cells (and also actively proliferating normal tissue cells, such
as those of skin and mucous membrane) will be irradiated during a sensitive phase
of the cell cycle. Since the fibrovascular connective tissues responsible for late
radiation damage are relatively nonproliferative, they will be less affected by
redistribution between treatments. The result may be less severe late normal-tissue
injury for a given rate of tumor control when hyperfractionation is used.

Since the oxygen enhancement ratio decreases as the dose per fraction is
reduced, the extent to which hypoxia limits tumor control may also be less with
hyperfractionated treatment.

The regenerative response of tumors during irradiation is thought to be an
important determinant of tumor control in a significant number of patients.
Accelerated fractionation significantly shortens the overall duration of treatment,
thereby reducing the time available for regeneration of clonogenic tumor cells
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during the treatment course. Accelerated treatment would seem most attractive
in the treatment of very rapidly proliferating tumors. Since the ability of acutely
responding tissues, such as the skin and mucous membrane, to withstand a course
of fractionated treatment depends on their regenerative response during treat-
ment, acute tolerance becomes a limiting factor in attempting to deliver an
accelerated course of irradiation without a treatment interruption or without
reducing the total dose administered.

Clinical experience with multiple fractions per day

The idea of irradiating head and neck cancers with more than one fraction/day
is not new. From 1920-1926, at the Fondation Curie in Paris, France,
Coutard [24] routinely treated patients with cancer of the oropharynx, hypopha-
rynx, and larynx twice a day whenever the overall duration of the treatment course
was less than 20 days because he thought that the tolerance was better with this
approach than with once-a-day treatment. This short-duration, twice-a-day sche-
dule was used only for early cancers. Between 1927 and 1933, Coutard and
Baclesse extended the overall treatment time by using markedly reduced
doses/fraction, two fractions/day, and stated that with this approach, they were
able to cure a number of advanced lesions that up to that time had never been
cured [16].

From the 1940s through the 1960s, the vast majority of radiotherapy patients
around the world were treated with one fraction/day. In the early 1970s, hyper-
fractionation was suggested as a possible means of improving the therapeutic
ratio [25, 26].

Preliminary results from a number of institutions are summarized below. The
results have been grouped according to the strict definitions of hyperfractionation
and accelerated fractionation as stated above.

Hpyperfractionation

Hyperfractionation schedules reported in the English literature are summarized
in Table 1. In addition to using multiple small-dose fractions, all of the schedules
offer some additional potential advantage in terms of tumor cell repopulation in
that the overall treatment durations are 1-2 weeks shorter than conventional
techniques that deliver an equivalent dose. In general, most of the authors have
tentatively concluded that their regimens produce acute effects that are equal to
or more severe than the acute effects produced by conventional fractionation,
equivalent or less severe late effects, and better local-regional control.

Only two trials have treated over 100 patients each. The results from the
University of Florida are reported at the end of this paper. The data from the
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European Organization for Research on Treatment of Cancer (EORTC) are
reported below.

Between January 1980 and October 1984, 272 patients with moderately advanc-
ed (T2-T3; NO-N1 <3 cm) squamous cell carcinoma of the oropharynx, exclusive
of the base of tongue, were randomly allocated to receive treatment consisting
of 7000 rad/35 fractions/7 weeks (200 rad/fraction) vs. 8050 rad/70 fractions/7
weeks (115 rad twice-a-day) under EORTC controlled clinical trial 22791 [27].
Complete follow-up information was available on 254 patients (93%) who receiv-
ed treatment in 25 European institutions. No statistical differences in acute or late
effects were observed. Eight percent of the once-a-day patients required a split
in the treatment course because of acute mucosal intolerance vs. 12% of the
twice-a-day group. The 36-month actuarial local control rate was 72% in the
twice-a-day patients vs. 56% in the once-a-day group (p = 0.15). For patients
with high (90-100) Karnofsky scores, the difference in local control was more
clearly in favor of the twice-a-day group (72% vs. 42%, p = 0.09). There is
a 5-10% higher actuarial survival in the twice-a-day group up to 36 months,
after which the two curves join together; however, the number of patients at risk
for 36 months is small. It must be emphasized that these results are preliminary
and further follow-up will be necessary before definitive conclusions can be
drawn.

Accelerated fractionation

Relatively few patients have been treated by pure accelerated fractionation
regimens because acute mucosal reactions are severe [31-35] (Table 2). Three trials
have delivered thrice-a-day treatment for 2 weeks, with total doses limited by
acute reactions to approximately 5000 rad. All three of the series reported a
number of patients who required hospitalization or who died in the postirrad-
iation period of treatment-related problems. Attempts to increase the dose above
the 5000 rad level would require a split in the treatment course, which would
largely offset the main potential advantage (shortened overall treatment time) of
acceleration.

Knee ef al. [35] have described an interesting variant of accelerated fractio-
nation in which the basic treatment course (180-200 rad/fraction) and the boost
treatment course (120-150 rad/fraction, 3-6h after the basic dose, 2-3
times/week) were administered concomitantly to 53 patients with advanced,
recurrent, and/or rapidly progressive squamous cell carcinoma of a variety of
head and neck sites. The rationale for this treatment is the same as that for
accelerated fractionation in general, but this regimen has the advantage of
producing the most severe mucosal reactions in only a limited volume of tissue
because only the ‘boost’ field is treated at an accelerated rate. Considering the
advanced stages of disease in the patients treated, the actuarial probability of
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2-year local-regional control was excellent (65%) and the acute tolerance was
deemed acceptable.

Accelerated, hyperfractionated, split-course irradiation

Since October 1979, Wang [36] has used a scheme that employs a slightly greater
number (40-42 fractions versus 3740 fractions) of slightly smaller (160 rad versus
180 rad) than conventional fractional doses in an overall treatment time that is
accelerated by 1-2 weeks compared to the technique used in the past at Massachus-
etts General Hospital (Table 3). A 2-week split in the treatment course is mandato-
ry because the mucositis produced is severe. This hybridization of three types of
fractionation has produced control results that are superior to those produced at
the same institution by once-a-day irradiation. Table 4 summarizes the local
control results. For T3-T4 lesions, local control results were significantly better
following twice-a-day fractionation. For T1-T2, the results favored twice-a-day
fractionation and closely approached statistical significance.

Table 4. Thirty-six month actuarial local control according to disease site and T-stage (Massachusetts
General Hospital [36])

No. of patients (% free of disease)

T1-T2 T3-T4

Oral cavity

Once-a-day?® 46 (49%) 44 (19%)

Twice-a-day® 28 (63%) 33 (57%)

p value 0.06 <0.004
Oropharynx

Once-a-day 45 (73%) 44 (24%)

Twice-a-day 21 (91%) 53(57%)

p value 0.081 0.009
Larynx

Once-a-day 74(65%) 50(34%)

Twice-a-day 113 (78%) 73 (63%)

p value 0.14 <0.001

@ 65007000 rad/7.2-8 weeks, 180 rad per fraction, 5 fractions per week.

> 6400-6720 rad/6 weeks, 160 rad b.i.d., 10 fractions per week with 2-weeks rest interval after 3840
rad.
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Other schemes employing multiple fractions per day

A number of other schemes that defy categorization into the above groupings are
shown in Table 5 [26, 27, 37-39]. The number of possibilities is limitless. Some
of the schemes have no clear-cut radiobiologic rationale.

The EORTC has conducted a trial using 160 rad thrice daily. The technique
has some elements of hyperfractionation (slight decrease in fraction size, total
dose and overall treatment time similar to conventional treatment). There is no
acceleration of the overall treatment course, and, in fact, the patients are off
treatment (3—5 weeks split-course) for longer than they are on treatment. Between
February 1981 and October 1984, 522 patients with T3-T4 or T1-T2 N1 (>3 cm),
N2, N3 cancers of a variety of head and neck sites in 15 institutions were randomly
allocated under EORTC trial 22811 to one of three treatment arms: (1) 7000
rad/35 fractions/7 weeks; (2) 4800 rad/30 fractions/2 weeks, followed by a 3-5
week rest interval, then 2400 rad/15 fractions/1 week, such that a total dose of
7200 rad was administered on 15 treatment days over 6-8 weeks; (3) as is scheme
number 2 above but with the addition of misonidazole [27]. Complete follow-up
was available on 498 patients (95%). Preliminary conclusions are as follows. The
incidence of severe acute mucosal reactions was significantly greater (p < 0.0001)
in the thrice-a-day treatment arms. Late complications were also slightly higher
in the thrice-a-day arms; all five treatment-related deaths occurred in arms 2 and
3. Three deaths occurred because of hemorrhage secondary to very rapid tumor
shrinkage, with insufficient time for normal tissue recovery. Two-year actuarial
local control was 32-38% in all three arms. Survival was higher in the two
thrice-a-day arms than in arm 1 (40% vs. 26%, p = 0.130). The greater the degree
of advancement of neck disease, the greater was the survival benefit following
thrice-a-day treatment. All conclusions are very preliminary and will need longer
follow-up for verification.

By delivering eight 90 rad fractions per day, Nguyen managed to deliver 7200
rad in 3 /2 weeks with a 2-week split [37]. Extensive bleeding secondary to very
rapid tumor shrinkage led to an unacceptable complication rate. This fact, as well
as the logistics of treating patients eight times a day, makes this approach
unattractive.

Although the technique of Backstrom employs multiple small-dose fractions,
it does not strictly fit the definition of hyperfractionation since the 3-7-week split
results in considerable protraction of the overall treatment time (9-13 weeks) [26].

The technique of Nissenbaum offers no apparent advantage and, in fact,
combines most of the features commonly associated with poor tumor control and
increased late effects (low total dose with split-course technique using a reduced
number of larger than conventional fractional doses). The reported results were
predictably poor [38].

Instead of increasing the total dose of irradiation administered, which is the
usual aim of true hyperfractionation schemes, the RTOG (Radiation Therapy
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Oncology Group) technique delivered a total dose that is 600-1380 rad (or a
9-19% dose reduction) less than the standard once-a-day RTOG dose of
6600-7380 rad at 180-200 rad fractions. No advantage is taken of the potential
therapeutic gain offered by hyperfractionation [39].

University of Florida results

A twice-a-day treatment schedule has been used at the University of Florida to
manage moderately advanced and advanced squamous cell carcinomas of the
head and neck since March 1978 [40]. Between March 1978 and April 1983, 91
patients received radiation therapy alone to the primary site with neck dis-
section(s) added in 24; 11 received preoperative irradiation followed by resection
of the primary lesion and clinically positive lymph nodes (Table 6). Patients
selected for treatment by twice-a-day irradiation generally had unfavorable char-
acteristics such as a large-volume tumor. Most patients with small-volume T2-T3
disease, such as those with superficial lesions of the soft palate that involved a
large surface area, were treated by once-a-day techniques. Early (T1-T2) vocal
cord cancer has not been treated by twice-a-day techniques at the University of
Florida. Only a few patients with nasopharyngeal or nasal cavity/paranasal sinus
lesions have been treated by twice-a-day irradiation and are not reported. Most
of the early oral cavity cancers seen during this same time period have also been
treated by once-a-day techniques. The majority of cancers reported here are
therefore oropharyngeal, laryngeal, and hypopharyngeal lesions of moderate or
large tumor bulk.

Table 6. Patient distribution according to AJCC stages (University of Florida, 3/78-4/83; analysis
4/85)

RT = RND? Preoperative RT
no. of patients® no. of patients®

Stage [ 0 0

Stage I 9 0

Stage III 22 3

Stage IVA® 18 1

Stage IVB? 42 7

Total 91 11

2 RND = radical neck dissection.

b 105 primaries in 102 patients. Three patients with simultaneous primaries were staged according
to highest stage. Two patients lost to follow-up were excluded.

¢ IVA: T1-T3, N2-N3A disease.

4 IVB: T4 and/or N3B disease.
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A dose of 120 rad was delivered twice daily to the primary site and upper neck
nodes with a 4-6-h interfraction interval. Most of the patients were treated with
cobalt-60. The low neck and reduced portals to the lymph nodes behind the plane
of the spinal cord (posterior electron ‘strips’) were treated once a day. Treatments
were delivered 5 days a week.

When irradiation alone was administered to the primary site (91 patients), the
minimum dose was usually 7440-7920 rad/ 62-66 fractions/31-33 treatment days,
but for a variety of reasons, doses have varied somewhat. The doses used in 85
patients with oropharyngeal or laryngeal/hypopharyngeal primaries are shown in
Table 7. The spinal cord was shielded after 4560 rad/38 fractions/19 days. Further
reductions in treatment volume were made whenever possible.

Eleven patients received preoperative radiation (5040-6000 rad/4-5 weeks)
followed in 4-6 weeks by resection of the primary lesion plus neck dissection(s).

Acute tolerance

Acute skin and mucous membrane reactions have been more pronounced than
those seen with treatment at 180 rad/day. Eleven of 102 patients required a
nasogastric feeding tube, usually after 4-6 weeks of therapy; a feeding tube was
recommended in two other patients but was refused. Two patients required a split
in the treatment course (at 4800 and 6720 rad, respectively) because of acute
intolerance. A tracheostomy was necessary at 6960 rad in one patient because of
difficulty in handling secretions. Three patients were hospitalized for 7-12 days
following irradiation because of dehydration. In most patients, the mucosa was
healed within 3-6 weeks following treatment, but in some patients, 2-3 months
were required for complete healing.

Table 7. Tumor doses administered according to treatment site (University of Florida, 3/78-4/83;
analysis, 4/85)

Oropharynx Larynx/hypopharynx
Dose (rad) (42 patients) (43 patients)
4800 1 0
6000 0 1
6960 1 1
7440 11 12
7680 9 24
7920 7 5
8160 1 0
7440-7680 + 1000-1500 radium 10 0
7920 + 1000 radium 1 0
8160 + 1500 radium 1 0
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Local control

There were 94 primary lesions in 91 patients treated by radiation therapy alone.
Thirty-one (94%) of 33 local recurrences were noted within 24 months. Eighteen
lesions were excluded from the local control analysis because results of treatment
to the primary lesion could not be assessed for a minimum of 2 years. The reasons
were death due to intercurrent or metastatic disease (16 patients); death due to
unknown cause 2 weeks following completion of radiation (one patient); and, in
one patient, resection of the primary site (larynx) due to necrosis (specimen
negative for tumor recurrence). There was no clinical evidence of primary tumor
recurrence in any of the 18 patients.

Local control results for the remaining 76 lesions are shown according to
anatomic site and T-stage in Table 8 and according to dose in Figures 1, 2, and
3. Aside from the fact that none of the four lesions that received less than 7440
rad were controlled, no clear dose-response relationship was apparent.

Local control following preoperative irradiation plus primary resection was
obtained in four of five T3 and two of three T4 lesions.

Regional control

Regional control results in patients who had control of disease at the primary site
are shown in Table 9.

Table 8. Local control following irradiation alone to the primary site (no. controlled/no. treated)

T-stage (AJCC)

Primary site T2 T3 T4
Gum/retromolar trigone 1/2 n.a. 0/3
Oral tongue/floor of mouth 2/3 n.a. 0/2
Base of tongue n.a 5/5 2/5
Tonsil 3/5% 10/11 1/6*
Soft palate 1/1 0/12 n.a.
Pyriform sinus 2/3% 0/1 0/2
Pharyngeal wall 172 0/1 172
Glottic larynx n.a. 4/6 0/3
Supraglottic larynx 5/5 5/6 0/1
Total 15/21 (71%) 24/31 (77%) 4/24 (17%)

2 Four failures at <6960 rad.
n.a. = no data available.
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Figure 4. Absolute disease-free survival at 2 years.

Survival

The 2-year absolute survival rate without evidence of disease was 53/102 (52%).
Seven (64%) of the 11 patients who received preoperative irradiation to the
primary site were alive and free of disease at 2 years. Disease-free survival at two
years according to AJCC stage is shown in Figure 4. Stage IV is divided into IVA
(favorable) and IVB (unfavorable) [41].

Table 9. Neck control in patients with control of primary disease (no. of heminecks controlled/no.
treated)®
(University of Florida, 3/78-4/83, analysis 4/85)

Radiation therapy +

Hemineck stage Radiation therapy alone neck dissection
NO 49/50° —

N1 15/16 6/7

N2A 1/1 4/4

N2B 7/9 9/9

N3A 0/2° 2/3

Total 72/78 21/23

2 One hundred and three of 204 heminecks (102 patients) were excluded from analysis because of
failure at the primary site (68 heminecks), death due to intercurrent disease, distant metastases, or
complications in <2 years (28), death due to uncontrolled cancer in the contralateral neck (4), death
of unknown cause (2), or no treatment to hemineck (1).

b 3600 rad (contralateral neck).

¢ Neck dissections were planned in both patients but not performed because of development of distant
metastases prior to operation. The doses administered were not considered to be definitive treatment
in either patient.
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Complications

Complications of irradiation (with or without neck dissection) in 91 patients who
received definitive radiation to the primary site consisted of mild (healed sponta-
neously in less than six months) soft tissue/bone necrosis in eight patients,
moderately severe (healed spontaneously in greater than 6 months) soft tissue
necroisis in two patients, and three severe complications of irradiation (one
chondronecrosis, one bone necrosis, and one esophageal stricture). Compli-
cations were dose-related. No transverse myelitis has been observed. Twenty-eight
planned neck dissections were performed on 24 patients (four bilateral); there
were seven wound infections and one carotid exposure (no carotid ruptures).

Severe complications developed in six of 13 patients who underwent salvage
surgery at the primary site with or without neck dissection. One scar contracture
was the only complication in three patients who underwent salvage radical neck
dissection alone.

Preoperative irradiation plus primary resection and radical neck dissection in
11 patients resulted in two wound infections (one minor) and one permanent
gastrostomy.

Conclusions regarding the University of Florida experience

The technique of twice-a-day irradiation used at the University of Florida is
similar to that described by Jampolis et al. [42]. The technique combines the
potential advantages of small-dose fractions with the advantages of a shortened
overall treatment time. Twice-a-day irradiation, as reported in our institution,
reduces the overall treatment time for advanced cancers by approximately 1 1/2-2
weeks compared to the once-a-day regimen used in the past, €.g., 7500 rad/8-8 12
weeks once a day versus 7440-7920 rad/6-6 !/2 weeks twice a day. It is not possible
to further diminish the overall treatment time even in rapidly growing tumors
because the acute response of the mucosa will not permit it. We have tried to avoid
the introduction of a rest interval because this might offset one potential advan-
tage (shortened overall treatment time) of our program. In order to keep acute
mucosal tolerance at an acceptable level, the initial treatment volume should be
kept fairly ‘tight’ and two or three field reductions are made as the treatment
progresses. Only the initial volume of gross disease receives the final tumor dose.
If this policy is not followed, acute intolerance is predictable.

Our preliminary observation was that the acute reactions from our twice-a-day
program were roughly equivalent to those produced by 180-200 rad once a
day {40]. A larger patient experience now leads us to believe the reactions are more
severe. The treatment schedule is just tolerable in the majority of patients, but
at least 20% develop significant problems with alimentation requiring nasogastric
feeding (11%), treatment interruption (2%), or hospitalization (3%). Two
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patients treated too recently to be included in the present series have developed
aspiration pneumonia in the immediate postirradiation period, resulting in one
fatality and requiring intensive medical management in the other. This has
prompted us to more liberally recommend gastrostomy prior to treatment for
patients with poor nutritional status in whom large volumes of mucosa will be
treated to a high dose. We have no data as yet on the results of this approach.
From the work of Dutriex, one would predict that the acute effects produced by
120 rad twice daily would be equal to those produced by 240 rad once a day [43].
Since tumors are also acute-effects tissues, their response to 120 rad twice a day
may also be similar to their response to 240 rad once a day; at the present time,
this concept is unproven.

Patient acceptance of twice-a-day treatment has been good, with very few
patients declining treatment with this approach. However, the consequence for
the radiation therapy department is an increase from approximately 38-42 treat-
ment visits to 62-66 visits.

The initial results suggest an increase in local control of perhaps 15-20%
compared to conventional once-a-day fractionation schemes, and the late effects
seem less. There are few subgroups with enough patients to make valid compari-
sons between the control rates achieved in twice-a-day patients and the control
rates achieved following once-a-day irradiation. For T3 squamous cell carcinomas
of the base of tongue and tonsillar area treated by continuous-course irradiation
with once-a-day fractionation, local control has been obtained in 31/44 patients
(70%) [44, 45] vs. 15/16 patients (94%) treated by the twice-a-day technique. The
results for T2-T3 lesions of the supraglottic larynx and T3 lesions of the true vocal
cord treated by once-a-day continuous-course irradiation were 28/41 (68%) [46,
47] vs. 14/17 (82%) treated by twice-a-day irradiation. Conclusions regarding
local control rates should be regarded as preliminary at this time.

The frequency of complications following neck dissection is similar to once-a-
day schemes. When salvage surgery has been done for failure at the primary site,
the complication rate is similar to that noted after once-a-day therapy.
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7. Brachytherapy — head and neck cancer

DON R. GOFFINET

Introduction

Interstitial implantation of radioactive sources, brachytherapy, is frequently used
in the treatment of head and neck cancers. Implanting radioactive isotopes is a
means of not only obtaining high localized radiation doses to the tumor bed, but
also minimizing normal tissue injury, since the radiation is delivered only to the
area of neoplastic involvement. Brachytherapy has been practiced for many years;
226-Radium needles or 222-Radon sources were used initially [1], but it was not
until the last decade that interstitial implants have become more popular, due to
several factors. The availability of new isotopes, such as 125-Iodine (*2°I) for
permanent implantation and 192-Iridium (*°?Ir) for removable procedures, has
allowed more complex interstitial procedures to be performed, while the latter
isotope, by making afterloading possible, has minimized radiation doses to
medical personnel [2-4]. Computerized dosimetry has enabled implants to be
pre-planned, so that ideal symmetry and proper placement of sources may be
determined prior to the procedure, while post-implantation dosimetry not only
allows radiation dose rates to be calculated with removable implants, but also
provides a method of correlating results and complications with radiation
doses [5]. New implant techniques, to be discussed, have also contributed to our
ability to perform these procedures effectively and safely. In this chapter, the
common radioactive isotopes in use today will be described, as will the techniques
of implantation and the results of treatment of selected primary sites and cervical
lymph nodes.

Radioactive isotopes

Table 1 lists several radioactive isotopes suitable for brachytherapy. '#°I, °2Ir,
and '¥’Cs 137-Cesium are most commonly used at the present time. 125-Iodine
seeds, with a long half-life of 60 days and a weak gamma emission (30 Kev), are

C. Jacobs (ed) Cancers of the head and neck.
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Figure 1. Localizing radiograph, removable *’Cs capsule intracavitary nasopharyngeal boost: the

source has been darkened for clarity.

Table 1. Isotopes for brachytherapy

Use Isotope Half-life Energy

Permanent 125-Iodine 60 days 30 Kev
Permanent 222-Radon 3.8 days 1.25 Mev
Permanent 198-Gold 2.7 days 410 Kev
Removable 192-Iridium 74.2 days 340 Kev
Removable 137-Cesium 30 years 660 Kev
Removable 226-Radium 1600 years 1.25 Mev
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used primarily for permanent implants. Since the half-life is long, the initial dose
rate from 21 is low (7-10 rads per hour), but the total dose to the implant volume
after 1 year (six half-lives) may, depending on source strength and spacing, range
from 10 to 15 thousand rads. 125-Iodine permanent implants may be used for
neoplastic involvement of surgical margins, can be used in the cervical region at
the time of radical neck dissection for large lymph node masses, or can be inserted
intraoperatively into the pterygoid and/or base skull regions [6-9]. High intensity
125-Iodine seeds, 2040 mCI/seed, have also been used experimentally as remov-
able implant sources for brain tumors [10], but the most common application of
this isotope in the treatment of head and neck cancers has been for permanent
implantation, using seeds of approximately 0.5 mCi/activity.

Removable interstitial implants were originally performed with radium needles
or capsules, an isotope which could not be easily afterloaded [11]. These proce-
dures now utilize '°?Ir seeds, either enclosed in nylon ribbons or in the form of
wires. Another isotope used for removable head and neck implantation is !37Cs,
which is commonly inserted as an intracavitary capsule. Removable implants have
been used for malignancies involving the oral cavity, oropharynx, laryngopha-
rynx, facial skin and lymph nodes [12-15]. Such sites as the nose, nasopharynx
(Figure 1), and postoperative cavities (after radical maxillectomy, for example)
are implantable via intracavitary routes or by the use of surface applicators or
molds (Table 2).

Table 2. Implant sites — head and neck cancer

Permanent — '2°] Removable — *2Ir
1. Neck (and carotid artery) 1. Lip
2. Surgical margins 2. Oral cavity
3. Pterygoids, base skuil Floor of mouth
Tongue
Other

3. Oropharynx
Tonsil-palate
Base tongue
Oropharyngeal walls
4. Laryngopharynx
. Facial skin, nose, pinna, eye
. Intracavitary - via molds, plaques, afterloading catheters
Nasal cavity
Nasopharynx
Ear canal
Post operative (sinuses, etc.)
7. Interstitial hyperthermia

[« WV ]
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Primary sites
Oral cavity

Interstitial implants are used either alone or after a course of external beam
radiation for oral cavity lesions involving the floor of mouth, tongue, buccal area
or, rarely, the retromolar trigone. For T1 lesions or larger but superficial
neoplasms, interstitial !°*Ir implantation alone, delivering approximately 6000
rads to the tumor volume, is effective treatment and has been the technique of
choice in France for many years [16]. Other afterloading techniques, such as
trocar-loop and trocar-blind end are also widely used in the treatment of neo-
plasms involving these sites. With larger floor of mouth neoplasms and with all
tongue cancers in a patient with NO necks, elective cervical irradiation is recom-
mended in addition to interstitial implantation. Pre-implantation irradiation to
the primary site of approximately 4500-5000 rads in 5 weeks should precede
interstitial implantation, which then delivers another 2500-3000 rads to the tumor
bed for larger neoplasms of the oral cavity. Deeply infiltrating, T3 or T4 oral
cavity neoplasms, especially those poorly responsive to an initial 5000 rad course
of external beam irradiation, may require combined surgical and radiation
treatment and may not be suitable for interstitial implant boosts. Skill and
judgment are required in selecting patients for interstitial implantation, to minim-
ize such potential risks as mandibular osteoradionecrosis, soft tissue necrosis and
ulceration.

Oropharynx

The tonsillo-palatine region, base tongue, and oropharyngeal walls may all be
treated by removable 192-Iridium implant boosts. At the Stanford Medical Center
since 1975, 50 patients with lesions in these sites (22 with base tongue cancers and
28 with tonsillo-palatine neoplasms) have received such implants.

Base tongue carcinoma

All patients referred to the Stanford Medical Center with newly diagnosed head
and neck cancers are seen and examined in a combined modality head and neck
tumor board attended by head and neck surgeons, radiation therapists, medical
oncologists, dentists, residents, speech pathologists and social workers. These
patients are treated and followed by the same multidisciplinary team. Since 1975,
37 operable patients with base tongue carcinomas have been seen, evaluated, and
treated at Stanford, 22 by external beam irradiation followed by interstitial
implantation, while 15, due to physician preference, underwent primary resection
and postoperative irradiation. The AJC stages of these 37 patients, all with
squamous carcinomas, are presented in Table 3. Most patients had stage III or
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IV neoplasms. The procedures used in the 15 patients treated by surgery varied
from partial glossectomy to glossolaryngectomy and all but one of these patients
also received a neck dissection (Table4). The 22 patients treated by radiation
therapy and interstitial irradiation received 5000-5500 rads to the primary site,
with spinal cord protection after 3800 rads, as well as supplemental low neck
irradiation (5000 rads) via a 6 Mev linear accelator at a dose rate of 200 rads per
day, five fractions per week, with all fields treated daily.

Two to three weeks after the external beam radiation course, the removable
192-Iridium implant was performed. Prophylactic antibiotics, short course dexam-
ethasone therapy, and a temporary tracheostomy were routinely used. If a
persistent cervical lymph node was noted after completion of the external beam
radiation course, a radical neck dissection was performed at the time of the '*?Ir
primary site implant.

Base tongue implantation is a complex procedure, first involving the use of a
paired trocar and loop technique through one or both cervical regions at the level
of the hyoid bone to ensure adequate irradiation of the pharyngo-epiglottic fold
and tonsillo-glossal groove as well as the lateral oropharyngeal wall; by looping
this area, the risk of lateral tumor extension from the base tongue to the lateral
pharyngeal wall is reduced [13]. Next, multiple trocar pairs are inserted into the
base tongue through a submental approach extending anteriorly from the vallecu-
la beyond the circumvallate papillae. After the trocars are positioned, they are

Table 3. Base tongue carcinoma AJC stage — 37 patients

Stage Surgery — XRT (= 15) XRT - ®Ir (= 22)

I
II
111
v

S O oo
—
(U NG NN

Table 4. Base tongue carcinoma lymph node therapy — 37 patients

Surgery - XRT (= 15) XRT - ®r (= 22)
N1, 2,3 12 14
RND? 12 7
Mod. ND® 2 0
Neck Failures 8 0
Ipsilateral 5
Contralateral 3

2 RND = radical neck dissection.
®* Mod. ND = modified neck dissection.
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Figure 2. Localizing AP and lateral radiographs, removable 'Ir base tongue and right pharyngo-epi-
glottic fold implant. Note that *Ir seeds are placed throughout the base tongue, and extend laterally

to the right pharyngeal wall and anteriorly into the oral tongue (T2NI right base tongue primary
cancer).

Figure 3. Localizing lateral radiograph, 5 row '#’I intraoperative permanent implant.
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removed as nylon tubes are pulled into position, forming a ‘u-shaped’ loop with
the free ends emerging through the submental skin. By this multiple pre-planned
loop technique, with a spacing of approximately 10 to 15 mm between loops and
a distance across each loop of 2.0-2.5 ¢cm, the entire base tongue is implanted as
well as the posterior aspect of the oral tongue. If the loop width is insufficient
to cover the entire base tongue, additional loops are placed at right angles to also
irradiate this area. The ®2Ir sources are afterloaded in the Radiation Therapy
Division post-operatively. Localizing orthogonal radiographs, which allow com-
puterized dosimetry to be performed, are also obtained at this time (Figure 2). The
radiation implant doses delivered in these patients were approximately 2500 rads
to a mean volume of 75 cc at 5075 rads/hour, and 1500 rads to a 1500 cc volume.

The results of treating these patients with base tongue cancers are noted in
Table 5. Significantly more patients remain without evidence of disease (NED) in
the group treated by irradiation and '°*Ir implantation compared to those who
received combined surgery and irradiation (77% vs. 27%). There were also twice
as many primary site relapses in the surgical group. Significantly fewer neck
failures occurred in the 22 irradiated and implanted patients (no relapses vs. eight
failures in the surgery-radiation group).

Not only were a higher percentage of patients free of disease in the irradiated
and implanted group, but there were also fewer complications and a better
functional result in these patients (less sialorrhea, chronic dysphagia and garbled
speech). The complications which occured after implantation or surgery are noted
in Table 6. The risk of hemorrhage from the lingual artery was approximately
15% in those patients who received irradiation and implantation. The greatest
chance of hemorrhage occurring is at the time of implant removal; therefore,
either a tracheostomy or endotracheal tube is required during the time of implan-
tation and the cuff must be inflated at the time of source removal to maintain
the airway and prevent aspiration if hemorrhage should take place. Three superfi-
cial tongue ulcers also occurred in the 22 patients who received radiation therapy

Table 5. Base tongue carcinoma results — 37 patients

Surgery - XRT (= 15) XRT - "Ir (= 22) p value

Mean-Fu 37 months 31 months

NED? 4 (27%) 17 (77%) 0.007

Failure
Tongue 6 (40%) 3 (14%) n.s.
Neck 8 (53%) 0) 0.0005
Mets® 3 (20%) 2 (9%) n.s.

# NED = no evidence of disease.
b Mets = metastases.
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and implantation, but these all ultimately healed, while a single patient developed
mandibular osteoradionecrosis. The combination of external beam irradiation
and implantation for base tongue cancers at our institution appears to be at least
as effective as resection and postoperative irradiation, while the functional results
were superior in the former group.

Tonsillo-palatine implants — 28 patients

The AJC stages of these patients are noted in Table 7. Each of the patients initially
received external beam radiation doses to the primary site and neck of approxi-
mately 5000 rads in 5 weeks, with a protective spinal cord block inserted after
3800 rads, followed 2-3 weeks later by a 1°?Ir removable afterloading implant into
the site(s) of initial neoplastic involvement. In all patients, the primary site was
implanted through an intraoral approach [17]. Curved needles were swaged onto
the non-active ends of °?Ir seed-containing nylon ribbons, which were then sewn
into the tonsillo-palatine region. The procedures are pre-planned, allowing the
ribbons to be inserted into the tumor bed with regular spacing so as to include
the area of initial tumor involvement with adequate margins. After the ribbons
are sewn into position, the 1°*Ir seeds are drawn into place by traction on the nylon
tubes and secured at the entrance and exit sites by hemostatic clips, at which time
excess tubing is trimmed. For all patients with tonsil or tonsillar pillar involve-
ment, the paired trocar and loop technique is then used to implant the tonsillo-
glossal groove by a lateral cervical approach similar to that used in the treatment
of base tongue carcinoma, incorporating this structure and the adjacent pharyn-
go-epiglottic fold into the inferior margin of the implant volume. Table 8 lists the
results of these procedures in the 28 patients, with a mean follow-up period of
38 months. The primary sites remain controlled in 26 of 28 of these patients
(93%). There have been no primary site failures in the 16 individuals with tonsil
cancers and only one each in the patients with involvement of either the soft palate
or the tonsillar pillars. The one patient with a soft palate cancer who failed locally

Table 6. Base tongue carcinoma complications — 37 patients

Surgery — XRT 9/15 (60%) XRT ~ ¥2Ir 9/22 (41%)
Dysphagia (tube feedings) - 6* Tongue ulcer — 3
Fistula -2 Hemorrhage - 3
Wound infection -1 Septicemia - 1°
ORN -1
Dysphagia -1

(temporary gastrostomy)

2 Also impaired speech, sialorrhea, and osteoradionecrosis (1).
® Tracheostomy site stenosis.
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relapsed on the uvula, which had not been included in the interstitial implant
volume. Fifteen of these patients remain alive, while 14 have died, primarily due
to the numerous second primary neoplasms which occurred in this group of 28
patients (Table 9). Four of the patients, 14%), have succumbed to second primary
malignancies of the esophagus, while three developed other head and neck
cancers; miscellaneous neoplasms occurred in three others.

Cervical region

Several brachytherapy techniques (including removable iridium implants, intersti-
tial hyperthermia, or percutaneously or intraoperatively placed 125-lodine

Table 7. Tonsillo-palatine carcinoma — 28 patients

AJC Stage
I -4
In -4
I - 10
IV - 10

Table 8. Tonsillo-palatine carcinoma *’Ir implants — 28 patients (mean follow-up - 38 months).

Primary site NED?
Tonsil 16 13 (81%) - Mets® — 1
Neck -1
Soft palate - 9 7 (718%) - Neck - 1
1° -1
Tonsil pillar - 3 2 (67%) — Neck - 1

Primary controlled: 26/28 (93%)

2 NED = no evidence of disease.
5 Mets = metastases.

Table 9. Tonsillo-palatine carcinoma '’Ir implants — 28 patients

Results

Alive - 15 Second primaries - 10

Dead - 13 Esophagus - 4
Died with -4 Head and neck — 3 (floor of mouth 2, tonsil 1)
2nd primary -6 Misc. - 3 (ovary, lung, rectum)

Intercurrent -3
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sources) are used for the treatment of large cervical lymph node masses. At
Stanford, we have been interested for several years in the permanent implantation
of 125-Iodine sources near or superficial to the carotid artery at the time of
resection of large nodal masses. The procedures are performed by sewing # 1
vicryl sutures, which contain regularly spaced and specially inserted I seeds,
into position over the vessel at the site of tumor removal with pre-planned spacing
depending on the desired dose of radiation and the available seed strength.
Forty-three patients with massive cervical lymphadenopathy have received such
implants; 30 patients were referred following local cervical recurrences, while the
13 other patients with N3 neck masses had no prior treatment. The !2°I implant
parameters are listed in Table 10. These planar implants, averaging 25-30cc in
volume, have resulted in a local control rate in the implant volume of approxi-
mately 80% for both groups (no prior treatment and those with recurrences after
prior surgery and/or irradiation). Local control in all head and neck sites was
obtained in approximately 50% of the patients. Therefore, increased local control
rates have been obtained with combined 125-Iodine seed implants and radical
neck dissection compared to neck dissection alone, but these patients with massive
cervical lymph node involvement are still at high risk for distant metastases [18].

The complications which occurred after these procedures were primarily ulcer-
ation or necrosis of the overlying tissues in approximately 25% of the patients;
however, by using I seed strengths below 0.50 mCi and implanting volumes less
than 25 cc, the risk of ulceration and skin flap loss has been minimized in recent
years. If radiation therapy is to be used following '*°I seed implantation, the
implant volume should be protected by appropriate blocking after approximately
3600 rads have been delivered to that area.

If it is not planned to perform a radical neck dissection, an alternative method
of implanting large cervical masses is by the percutaneous use of the trocar and
nylon tube 1°2Ir technique, which can also deliver high radiation doses to the neck
via removable sources [19].

Table 10. '»I - suture carrier carotid area implants — 43 patients

Prior treatment

No prior treatment (surgery and/or XRT)
Mean (13 patients) (30 patients)
Implant volume 31.5 cc 25.4 cc
Dose (rads) 16,000 15,600
mCi implanted 19.5 14.5

mCi/seed 0.45 0.41
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Dosimetry

At Stanford, implant dosimetry is performed on General Electric treatment
planning (%) and Vax (°) computers. As previously described, a pre-plan program
is used routinely for '?°I planar implants of the cervical region at the time of
radical neck dissection; this program is also used for removable °2Ir implants.
Depending on the desired radiation dose, the available radioactive seed strength
and the tumor volume, the spacing of the rows of sources is determined by the
computer prior to the implant procedure. Post implantation, either at the time
of loading the '°2Ir seeds or approximately 1 week after the permanent insertion
of 12°] seeds, orthogonal localizing radiographs are obtained and the seed coordi-
nates are entered into the G.E. computer via a digitizing system. Josodose
distributions are obtained in numerous planes through the implant volume.
Radiation dose rates or total doses to volumes are also calculated, depending on
whether the implant is removable or permanent. The volume program, when
correlated with the measured implant volume on the orthogonal localizing radio-
graphs, allows isodose contours to be selected to establish the total dose to be
delivered for a particular removable implant. This system, which has evolved over
many years, has been effective in preventing over or under doses to large portions
of the implanted area. When volume data and isodose distributions are both
available, the selection of the appropriate radiation dose and the avoidance of
over or under dosages, combined with good technique, should ensure the best
possible result.

Discussion

Interstitial implantation currently has an important role in the management of
head and neck cancers by radiation therapy. High, but relatively safe radiation
doses may be delivered to the tumor volume, and although the procedures are
complex, the results have been gratifying, especially in cancers involving the
oropharynx, oral cavity and the cervical region. It should be stressed that
brachytherapy procedures are a team effort and require careful, precise, and
skilled technique in the operating room and close cooperation between the
surgeon and radiation therapist. Physics support for dosimetry, radiation safety,
and localizing procedures is also mandatory. These combined external beam-
interstitial implant radiation treatments appear to be as effective as surgery and
irradiation and possibly produce even better functional results for patients with
squamous carcinomas involving the base tongue.

2. General Electric Company, Medical Systems Group, P.O. Box 414, Milwaukee, WI 53201, USA.
°. Digital Equipment Corporation, 146 Main Street, Maynard, MA 01754, USA.
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Other modalities may be used simultaneously with brachytherapy. Since remov-
able implants provide prolonged irradiation of the tumor bed at continuous low
dose rates (50 to 100 rads per hour), this may create a favorable situation for
concomitant administration of hypoxic cell sensitizing drugs and/or chemothera-
peutic agents, but such combined modality treatment is still unproven. In ad-
dition, combined interstitial RF or microwave hyperthermia and removable '*?Ir
head and neck implants have produced excellent short-term tumor regressions.
Therefore, interstitial treatment of head and neck cancers has evolved over many
years, and at present, with the availability of technical expertise, computerized
dosimetry and more useful isotopes and techniques, these procedures not only
appear to be effective in producing increased local control rates, but are also
relatively safe and complication-free.
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8. Magnetic resonance imaging of head
and neck tumors

KEITH E. KORTMAN, JAMES T. HELSPER, WILSON S. WONG
and WILLIAM G. BRADLEY

Introduction

Effective therapy of head and neck tumors depends on accurate assessment of
tumor size, extent, and nodal spread. Physical and endoscopic examination
remain the foundation of the clinical staging procedure. They are the most
accurate methods of assessing mucosal involvement by tumor. Deep extension of
tumor cannot be visualized directly, but can often be inferred by alterations in
mucosal contours. Direct or indirect visualization of the vocal cords remains the
most effective method of evaluating laryngeal function. In addition, physical
examination is the easiest method of evaluating lymphadenopathy, although it is
somewhat limited by node location and interobserver variation.

The advent and evolution of X-ray computed tomography (CT) has had a
significant impact on the staging process. It allows evaluation of mucosal surfaces
which may not be accessible to the endoscopist, and is a more effective method
of evaluating submucosal deep extension of tumor. It also permits accurate
assessment of bony and cartilagenous structures. In addition, as compared to
physical examinination, CT is a more reliable and reproducible method of
assessing lymphadenopathy, as it more effectively demonstrates deep nodes, small
superficial nodes, necrosis within normal sized nodes, and vascular fixation by
metastatic adenopathy.

Magnetic resonance imaging (MRI) is a new imaging modality which, although
only recently introduced, is now being used to compliment or supplant CT in the
evaluation of head and neck tumors [1, 2]. This method is similar to X-ray CT,
in that it produces cross-sectional images of the body with high spatial resolution.
However, there are a number of significant differences between the two modal-
ities, with MRI offering a number of significant advantages. It does not require
the use of ionizing radiation or contrast injection. Images can be obtained in any
of the three orthogonal planes without altering the patient position. There are
minimal artifacts from dental fillings or metallic foreign bodies, and there are no
beam hardening artifacts from dense bone, such as are seen with CT in the

C. Jacobs (ed) Cancers of the head and neck.
© 1987, Martinus Nijhoff Publishers, Boston. ISBN-13: 978-1-4612-9208-1
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posterior fossa. The contrast resolution of MRI is greater than that of CT, and
this property is largely responsible for the greater tissue characterization capabili-
ty of the former modality.

CT maintains some advantages over MRI, including better spatial resolution
and more detailed depiction of bone and calcified cartilage. Many investigators
feel that MRI is less sensitive than CT in evaluation of cervical adenopathy. Unlike
CT, the time required to generate an MR image is on the order of minutes rather
than seconds, and therefore the scans are more subject to degradation by patient
motion. In addition, ‘dynamic’ or phonation scanning cannot be performed. The
incidence of claustrophobia is greater with MR than with CT, and occasionally
precludes evaluation. Finally, there is a relative limitation of MR scanner availa-
bility, and for some patients this factor, combined with the relatively high cost
of an MR examination, place significant limitations on the diagnostic workup.

Basic principles of MRI

X-ray CT is based on the principle of differential attenuation of an X-ray beam
by orbital electrons. Differences in attenuation (or CT density) are based only on
the concentration of electrons within the scanning volume. MRI is based on a
more complex interaction between the nuclei of certain chemical species and radio
frequency (RF) waves in the presence of an externally applied magnetic field.
Clinical imaging is currently largely limited to the study of hydrogen atoms, or
protons.

The nucleus of the hydrogen atom is a single, spinning proton. Since spinning,
charged particles generate small magnetic fields, the protons behave like small bar
magnets. When placed in an external magnetic field, the protons flip slowly back
and forth between alignment with (parallel) or against (antiparallel) the field as
they undergo random thermal collisions. If the proton is exposed to a radiowave
at a particular frequency, it will rapidly flip back and forth, or resonate, between
the two alignments. This frequency is determined entirely by the local value of
the magnetic field near the proton. Protons in stronger magnetic fields resonate
at higher frequencies. During resonance the sample absorbs and re-radiates the
radiowaves, which can be detected by an antenna and computer-processed into
an MR image [3].

The relationship between the radiofrequency (RF) and the magnetic field
strength allows the signal to be spatially localized and an image to be formed.
The net magnetic field is made to vary with position by superimposing smaller
‘gradient’ magnetic fields on the homogeneous main magnetic field. Protons
resonating in a position-dependent magnetic field thus have specific frequencies
which depend on their exact position in the sample [3].

The strength of the MR signal depends on the hydrogen density and on the
chemical environment which is characterized by the ‘magnetic relaxation times’



109

T1 and T2 [4]. Because the MR signal is so much weaker than an X-ray signal,
the signal acquisition process must be repeated many times. The amount of
recovery which occurs between each repetition is indicated by the T1 relaxation
time. The amount of time allowed for this recovery to occur is given by one of
the programmable sequence parameters, the repetition time (TR). Following
recovery, the next pulsing sequence is initiated with a 90° pulse, after which time
the signal then decays with an exponential time constant T2. A portion of this
decaying signal can be captured by refocusing the signal with a 180° pulse. The
refocused signal is called a ‘spin echo’. The time allowed for decay to occur prior
to measurement of the spin echo is another programmable sequence parameter,
the echo delay time (TE).

Decreasing TR increases the amount of T1-weighting in the image; increasing
TR allows differences in proton density to be seen. Increasing TE increases the
amount of T2-weighting in the image; decreasing TE (at long TR) results in a
proton density image. When the T1 and T2 differences between a lesion and the
surrounding normal tissue are known, optimal selection of the sequence parame-
ters TR and TE is possible and contrast between lesion and normal tissue is
optimized [5].

Flowing blood has a variable appearance on MR depending on the pulsing
sequence and rate and direction of flow. Decreased signal is seen with high velocity
and turbulence. Increased signal is noted as unsaturated protons first enter the
imaging volume (‘flow related enhancement’). Increased signal is also seen on
even echo images (when multiple echoes are acquired) during slow laminar flow

Table 1. Signal intensities of normal tissues in the extracranial head and neck

Basis of
intensity pattern

Tissue Intensity on
T1-weighted® image

Intensity on
T2-weighted® image

Cortical bone
Calcified cartilage
Air

Flowing blood
Muscle

Ligament

Fibro-cartilage

Lymphatic/glandular

tissue
Fat/bone marrow

low

low

very low

very low®
intermediate low
intermediate low

intermediate low
intermediate

high

low

low

very low

very low®
intermediate low
intermediate low

intermediate low
intermediate high

intermediate high

decreased proton density
decreased proton density
decreased proton density
flow void

long T1, short T2

long T1, short T2
decreased proton density
long T1, short T2
decreased proton density
long T2

short Tl

#TR=0.5-1.0 s, TE=15-40 ms.
® TR=2.0-2.5 s, TE=50-80 ms.
¢ Exceptions to the pattern are frequently observed due to other flow-related phenomena.
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Figure 1. Normal MRI section at the level of the nasopharynx. Local variations in tissue signal intensity
reflect differences in proton density and magnetic relaxation times. Air and cortical bone appear dark,
reflecting low proton concentration. Vascular structures are also black due to flow-related signal void.
Subcutaneous tissues, the parotid glands, and medullary bone appear bright, reflecting their high fat
content. Muscular structures have an intermediate/low signal intensity, while lymphoid tissue and
brain are intermediate/high in intensity. a=maxillary antrum, m =masseter muscle, 1=Iateral pte-
rygoid muscle, p=parotid gland, ms=mandibular condyle, v=jugular vein, t =pharyngeal tonsils,
n=nasopharyngeal airway, b=brainstem, ¢=cerebellum.

due to a rephasing phenomenon [6]. Thus, veins and dural sinuses will appear
bright on even echo images.

The normal intensity of various anatomic structures will vary depending on the
pulsing sequence and sequence parameters utilized, but certain generalizations can
be made (Table I). For spin echo imaging, intensity (I) can be expressed by the
formula

I=H f(V) [e—TR/TI] [l_e—TE/TZ]

where H=proton density, f(v) is a function of flow, e is the natural logarithm
base, TR is the repetition time, TE is the echo delay time, and T1 and T2 are the
longitudinal and transverse relaxation times, respectively.

In keeping with this, any substance with a low concentration of protons will
have a low signal intensity. Biologic examples include cortical bone, calcified
cartilage, and air within the airway or the paranasal sinuses. Blood vessels will
also have a low signal intensity, by virtue of the flow phenomena described above.
Muscle, ligamentous structures and fibrocartilage will have an intermediate low
signal intensity, reflecting the long T1 and relatively short T2 relaxation times of
these structures. Normal lymphathatic and glandular tissues will have an inter-
mediate high signal intensity, due to relatively longer T2 relaxation times. Fat
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Figure 2. Submandibular gland carcinoma. (A) On a mildly T1-weighted image (TR=1.0s,
TE =40 ms), a right submandibular gland mass (arrow) has a signal intensity intermediate between
that of muscle and fat. (B) With increased T2-weighted (TR =2.0 s, TE =60 ms), the mass increases
in intensity.

within fascial planes or marrow cavities will appear bright, as it possesses short
T1 and long T2 relaxation times. The normal appearance of various tissues is
illustrated in Figure 1.

Pathologic lesions may have a wide range of signal intensities, depending on
the composition of the tissue (Table 2). The intensity of solid tumors, both benign
and malignant, will be between that of muscle and fat, and will increase
with greater T2-weighting of the pulsing sequence (Figure 2). Inflammatory and
granulation tissue may have a similar appearance, i.e., it is not possible to
distinguish malignancy from infection or acute/subacute postoperative change on
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Figure 3. Malignant adenopathy. (A) This patient had an advanced carcinoma of the tongue and
extensive right neck adenopathy. This contrast enhanced CT section demonstrates irregular decreased
density within a large submandibular node (arrow), indicating malignant invasion and central necrosis.
(B) On a mildly T-I-weighted (TR=1.0 s, TE =28 ms) image, the node is intermediate in intensity.
(C) On a more T2-weighted second echo image (TR=1.0 s, TE=56 ms), the intensity of the node
increases significantly.

Table 2. Signal intensity of pathologic tissues

Tissue Intensity on Intensity on Basis of
T1-weighted image T2-weighted image intensity pattern

Solid neoplasms intermediate low intermediate high long T1, long T2
Granulation tissue intermediate low intermediate high long T1, long T2
Chronic fibrosis intermediate low intermediate low decreased proton dentity
Cyst with pure fluid low very high very long TI,

very long T2
Cyst with proteinaceous intermediate low high long T1, long T2
fluid
Mucous intermediate low high long T1, long T2
Subacute-subchronic very high high very short T1, long T2

hemorrhage
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Figure 4. Pure cyst. (A) A left temporal arachnoid cyst appears hypointense on a first echo image
(TR=2.0 s, TE =28 ms). (B) On a more T2-weighted second echo image TR =2.0 s, TE =56 ms), the

intensity of the cyst fluid increases significantly. Note the similar signal intensity pattern of intraventri-
cular CSF.

Figure 5. (A) Axial CT section demonstrating a left ethmoid mucocoele extending into the medial
canthus.
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Figure 5. (B) On a corresponding MR image with sequence parameters identical to those used in
Figure 4, the lesion is markedly hyperinstense, reflecting the high protein content of inspissated sinus
secretions (TR=2.0 s, TE =28 ms). (C) The lesion remains hyperintense on the more T2-weighted
second echo image (TR=2.0 s, TE=56 ms).

the basis of tissue signal intensities alone. Chronic fibrosis will have a low signal
intensity on all pulsing sequences.

Measured T1 and T2 values of malignant lymph nodes have been shown to be
greater than the values of normal lymphoid tissue in vitro [7]. In vivo, however,
there is sufficient overlap of signal intensity, such that one must largely rely on
size criteria. Central necrosis within a node will result in increased signal intensity
on T2-weighted images (Figure 3), and when recognized is a fairly reliable
indicator of malignancy. Cystic lesions are easily recognized as such on MR
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Figure 6. (A) This image was obtained with a radio-frequency coil applied directly to the surface of
the parotid gland. An intraparotid hemorrhagic cyst appears markedly hyperintense on this mildly
T2-weighted image (TR=2.0 s, TE=28 ms). (B) The cyst remains hyperintense on a moderately
T1-weighted (TR=0.5 s, TE =28 ms) image due to the presence of paramagnetic methemaglobin.

examinations. Cyst fluid with a low protein content (0-10 mg %) has markedly
prolonged T1 and T2 relaxation times, appearing dark on T1-weighted images
and bright on heavily T2-weighted images (Figure 4). Increased protein content
results in T1 shortening and increased intensity on mild to moderate T2-weighted
exams (Figure 5). Biologic examples of proteinaceous fluid include inflammatory
fluid in the mastoid air cells and mucous within the paranasal sinuses.
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Subacute hemorrhage (days to months old) will appear markedly hyperintense
on all pulsing sequences secondary to the paramagnetic properties of methemoglo-
bin, a blood breakdown product (Figure 6). Chronic hemorrhage may lead to
deposition of hemosiderin, which causes T2 shortening and decreased signal
intensity.

To optimize lesion conspicuity, intensity differences between normal and
abnormal tissue must be maximized. Tumor and fat are best differentiated on
T1-weighted (short TR, short TE) sequences, while tumor and muscle are best
distinguished on T2-weighted (long TR, long TE) sequences. Within the temporal
bone or paranasal sinuses, tumor can be distinguished from mucous or inflamma-
tory tissue on T2-weighted sequences. In general, an initial MRI examination
should include both T1- and T2-weighted sequences.

Clinical imaging
Skull base

CT and MRI are complimentary modalities in the evaluation of skull base
lesions [8], although many investigators feel that MRI is the more effective
modality overall. CT is superior in demonstrating bone erosion, but may be
limited by a number of technical factors. CT definition of soft tissue lesions in
the posterior fossa is often limited by beam hardening artifacts. Subtle intra- or
extra-cranial extension of a skull base lesion may be difficult to demonstrate on
CT, due to the ‘partial volume averaging’ of bone and soft tissue within the same
axial section. Direct coronal CT sections may be acquired by tilting the scanning
gantry with the patient’s neck hyperextended. This requires a moderate amount
of patient cooperation and results in some degree of discomfort. Such an
examination is often difficult or impossible in older patients, particularly those
with limited neck extension secondary to degenerative disc disease. Even in
cooperative patients, spray artifacts from dental fillings may produce significant
image degradation.

MRI is not limited by artifacts from beam hardening or dental fillings. Direct
coronal and sagittal sections can be obtained with the patient lying supine and
comfortably. The bony skull base yields little MR signal, and therefore bone
erosion or destruction is not demonstrated directly. However, bone changes can
be inferred from the location and extent of the soft tissue abnormality, which is
conspicuously shown (Figure 7).

At our institution and others [9], MRI is the modality of choice in the evaluation
of suspected acoustic neuromas. Thin slice (3-5 mm), axial sections routinely
demonstrate the course and caliber of the 7th and 8th nerves within the internal
auditory canal, such that completely intracanalicular tumors, 2-3 mm in size, are
easily recognized (Figure 8). Tumor extension into the porus acousticus and



117

Figure 7. Skull base metastasis. (A) This patient had known metastatic prostate carcinoma and
presented with a right twelfth nerve paresis. The transaxial MR image demonstrates an oval soft tissue
mass (arrow) involving the right side of the clivus in the expected position of the hypoglossal canal
(TR=2.0 s, TE=28 ms). (B) The longitudinal extent of the tumor is better appreciated on the direct
coronal image (TR=2.0 s, TE=28 ms).

cerebellopontine angle cistern is readily identified. Neuromas of other cranial
nerves are less common, but can be identified by their characteristic location and
secondary fatty atrophy of the muscles innervated by the affected nerve (Fig-
ure 9). Both primary and metastatic tumors of the skull base are well
demonstrated by MRI. The signal intensity of these lesions is greater than that
of normal muscle or brain on T2-weighted images, but nonspecific with respect
to tumor type. Coronal and/or sagittal scans are often helpful in demonstrating
intracranial extension (Figure 10).
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Figure 8. Intracanalicular acoustic neuroma. (A) An axial MR image demonstrates a three mm
bulbous mass (arrow) involving the 8th nerve within the internal auditory canal (TR=2.0s,
TE =56 ms). (B) Magnified image.

Glomus tumors appear as irregular high intensity masses in characteristic
locations, most frequently the jugular foramen or middle ear (Figure 11). Jugular
vein occlusion and/or slow flow may result in alterations of normal flow-related
intensity patterns, as low intensity flow void is replaced by high intensity throm-
bus or paradoxical high signal on even-numbered spin echos. Normal variations
in flow patterns may mimic these changes, and a specific diagnosis relies on
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Figure 9. Fifth nerve neuroma. (A) A lobulated isointense mass (arrow) can be seen within the
cavernous sinus and the region of Meckel’s cave (TR=2.0 s, TE =28 ms).

Figure 9. Fifth nerve neuroma. (B) The mass appears hyperintense on a more T2-weighted second
echo image TR =2.0 s, TE=56 ms). Note the asymmetric high intensity within the left temporalis
muscle (open arrow). This is due to fatty atrophy.
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Figure 9. Fifth nerve neuroma. (C) On a mildly T1-weighted coronal image, the mass (arrow) appears
hypointense. The left sided muscles of mastication are all more intense than those on the right, again
secondary to fatty atrophy of structures innervated by the fifth nerve.

Figure 10. Chondrosarcoma of the skull base. (A) This patient presented with right facial pain and
numbness. A mildly T1-weighted axial image demonstrates an expansile and destructive mass
(arrowheads) in the right petrous apex, extending into the temporal fossa (TR=1.0 s, TE =40 ms).
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Figure 10. Chondrosarcoma of the skull base. (B) A heavily T2-weighted mass, although slightly
degraded by motion, more conspicuously demonstrates the mass, which now appears moderately
hyperintense (TR =3.0 s, TE =80 ms).

Figure 10. Chondrosarcoma of the skull base. (C) A moderately T1-weighted coronal image effectively
demonstrates the tumor’s intracranial extent (TR=0.5 s, TE =40 ms).
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Figure 11. Glomus jugulare tumor. (A) This patient presented with pulsatile tinnitus. The axial CT
section with bone window settings demonstrates irregular erosion of the right jugular fossa (arrow).

Figure 11. Glomus jugulare tumor. (B) On a corresponding MR image, the mass (arrow) appears
heterogeneous with an intensity similar to brain parenchyma (TR=2.0 s, TE =28 m:s).
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Figure 11. Glomus jugulare tumor. (C) Occlusion of the sigmoid sinus is indicated by high intraluminal
signal intensity (curved arrow) (TR=2.0 s, TE =28 ms).

Figure 11. Glomus jugulare tumor. (D) On a direct coronal section, the tumor (open arrow) can be

seen extending longitudinally within the jugular canal. Note the patent low intensity jugular vein on
the left side (TR=1.0 s, TE=28 ms).
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Figure 11. Glomus jugulare tumor. (E) An external carotid arteriogram demonstrates the vascular
nature of the lesion.

demonstration of a soft tissue mass with bone destruction and/or confirmation
by angiography.

Temporal bone pathology often produces hearing loss. Conductive hearing loss
is best evaluated by high resolution CT, as congenital and inflammatory abnor-
malities of the middle and inner ear are optimally demonstrated by thin slice
‘bone-target’ sections. Because of the efficiency of MRI in demonstrating acoustic
neuromas, it is the modality of choice in evaluation of sensorineural hearing loss.

Nasopharynx

In evaluation of suspected nasopharyngeal carcinoma, the goals of imaging are
to define the degree of submucosal infiltration and the extent of metastatic spread
to lymph nodes. Deep extension can be demonstrated by CT, but this modality
may be limited by artifacts from adjacent bone or dental fillings. Furthermore,
tumor and muscle appear isodense on CT, and may be difficult to differentiate.
Retropharyngeal nodes are difficult to separate from the adjacent prevertebral
musculature.

MRI is ideally suited to the evaluation of the nasopharynx [10]. It yields high
contrast between tumor, pharyngeal musculature, and fat in the parapharyngeal
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Figure 12. Nasopharyngeal carcinoma. (A) This woman presented with left pharyngeal pain and
cranial nerve dysfunction. A mildly T2-weighted axial image demonstrates a mass (arrow) in the left
nasopharynx extending laterally into the parapharyngeal space (TR=2.0 s, TE =30 ms).

Figure 12. Nasopharyngeal carcinoma. (B) A different patient with a very large right-sided
nasopharyngeal carcinoma. A T1-weighted (TR=1.0 s, TE =40 ms) coronal section effectively dem-

onstrates the longitudinal extent of the mass (arrowheads). Low intensity artifacts along the right
mandible are due to surgical clips.
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Figure 12. Nasopharyngeal carcinoma. (C) A magnified image demonstrates intracranial tumor
extension through the foramen rotundum (closed arrow) and into the cavernous sinus (boxed arrow).

space (Figure 12). Extension of nasopharyngeal malignancies beyond the pharyn-
gobasilar fascia is conspicuously demonstrated. Superior extension of tumor to
the skull base is readily identified on coronal images, as is intracranial tumor
spread. High intensity retropharyngeal nodes can be easily distinguished from the
low intensity of adjacent prevertebral musculature. Tumors arising in the para-
pharangeal space or infratemporal fossa are also well demonstrated (Figure 13).

Oropharynx, tongue, and floor of mouth

Here, as in other regions of the upper aerodigestive tract, the role of imaging is
not to make a specific diagnosis. This is most frequently accomplished by thin
needle biopsy in the office or clinic. The goals of imaging are to determine the
extent of the primary tumor and the presence of associated adenopathy. MRI and
CT compliment each other in the evaluation of oral cavity lesions, and both are
utilized routinely at our institution. Both modalities are effective in showing the
extent of lesions in the oropharynx and floor of mouth (Figure 14), although CT
better demonstrates tumor involvement of the mandible. Tongue tumors are most
conspicuously demonstrated on T2-weighted MR images (Figure 15). With re-
spect to surgical planning, tumor extension across the midline of the tongue and
the status of the lingual arteries and hypoglossal nerves are readily assessed.
Coronal MR sections will demonstrate inferior extension into the hypopharynx
and supraglottic larynx. CT is superior in demonstrating cervical adenopathy.
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Hypopharynx and larynx

CT has an established role in the evaluation of hypopharyngeal and laryngeal
malignancies. It accurately demonstrates submucosal extension, cartilaginous
involvement, and cervical adenopathy. Two properties of CT make it particularly
effective in this region. The first is the ability to do thin section (3-5 mm) imaging
while preserving a high level of signal to noise. Thus, small contiguous structures
such as the true and false vocal cords can be depicted on separate CT sections,
and involvement of these structures by contiguous tumor can be readily demons-
trated. This thin slice capability has obvious implications in surgical planning,
i.e., total laryngectomy vs. conservation procedure. A second advantage is the
short CT scan time (3-5 s/slice), minimizing artifacts related to patient motion.
Patients with laryngeal malignancies often have copious airway secretions, and
may need to swallow or cough frequently. With few exceptions, such movement
does not significantly degrade the CT examination.

MRI is more limited in both regards. A decrease in slice thickness below 5 mm
leads to significant reduction in signal-to-noise and resolving capability. To some
degree, this may be offset by an application of surface coils, i.e., RF coils ap-
plied to the surface of the neck which allow more detailed examination of
superficial structures [11, 12]. Surface coil technology is evolving rapidly, but
currently optimized MR spatial resolution remains less than that achieved by
CT.

Patient motion is a more significant problem. CT images are obtained slice by
slice, with time alloted between slices for cooling of the X-ray tube. Consecutive
MR images are obtained simultaneously, i.e., the time required to obtain an entire
sequence of slices is also the time required to produce a single image. While overall
CT and MR imaging times are comparable (10~30 min), the time required to
produce a single image is orders of magnitude greater with MR than with CT.
For this reason, coughing, swallowing, or any other patient motion leads to
significant degradation of the MR images.

While MR accurately depicts tumor invasion of marrow fat within the laryngeal
cartilages, tumor involvement of densely calcified cartilage is much more evident
on CT. As previously mentioned, CT is also more effective in the demonstration
of cervical adenopathy.

For these reasons, at our institution, CT remains the modality of choice in
the evaluation of laryngeal or hypopharyngeal malignancies, with MRI used as
an adjunct study when indicated. Direct coronal MR images accurately
demonstrate infra-, supra-, or transglottic tumor extension, (Figure 16) and
sagittal images can be used to assess the pre-epiglottic space and anterior commis-
surc.

Benign neck lesions can be effectively evaluated with either modality. Sagittal
MR images are particularly effective in the evaluation of midline lesions, such as
thyroglossal duct cysts (Figure 17).
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Figure 16. Laryngeal carcinoma. (A) This patient presented with a hoarseness. Endoscopic
examination revealed a right glottic mass and a mild vocal cord paresis. An axial image at the level
of the cords and obtained with a surface coil demonstrated a relatively bulky mass involving the right
true cord and extending through the anterior commissure across the midline (TR =0.5 s, TE =40 ms).
(B) At a slightly higher level superior tumor extension is manifested as thickening of the right
aryepiglottic fold. (C) A direct coronal section verified supraglottic tumor extension (TR=1.0 s,
TE =40 ms).
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Figure 16. Laryngeal carcinoma. (D) The anterior commissure involvement is graphically depicted on
this midline sagittal image (TR=0.5 s, TE=40 ms).

Figure 17. Thyroglossal duct cyst. (A) A CT section at the level of the hyoid bone reveals a low density
midline mass (open arrow), the location and appearance of which are typical of a thyroglossal duct
cyt. (B) The longitudinal course of the cyst (closed arrow) is graphically demonstrated on the sagittal
MR image (TR=1.0 s, TE=56 ms).

Salivary glands

More than 75% of salivary gland tumors occur in the parotid gland. Unlike other
head and neck regions, where squamous cell carcinomas predominate, salivary
gland pathology is varied. A tissue diagnosis is usually obtained via fine needle
biopsy. The role of imaging prior to biopsy or surgical excision is to determine
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Figure 18. Normal facial nerve. Within the high intensity right parotid gland (arrow), the lower
intensity facial nerve can be seen coursing from posteromedial to anterolateral, giving off several
branches into the substance of the gland (TR=2.0 s, TE =30 ms).

Figure 19. (A) A slightly hyperintense rounded mass (arrow) can be seen within the anterior aspect
of the superficial lobe of the right parotid gland (TR=1.0 s, TE=40 ms). (B) The contrast between

mass and normal gland increases on the more T2-weighted second echo image (TR=1.0s,
TE =80 ms).
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the exact location and extent of tumor, i.e., intra- vs. extra-parotid, superficial
vs. deep lobe. Both CT and MRI are effective in demonstrating these lesions. MRI
may have a slight advantage in its ability to determine tumor location with respect
to the facial nerve, which can be frequently recognized as a linear or branching
low intensity structure within the higher intensity substance of the parotid gland
(Figure 18). With CT, the plane of the facial nerve is approximated by the location
of the enhancing retromandibular vein, and therefore tumors between the vein
and the nerve may be falsely localized to the superficial lobe. MR signal intensities
of various salivary gland tumors overlap, but mixed cell tumors appear more
intense than other lesions on T2-weighted images (Figure 19).

Paranasal sinuses

In the evaluation of mass lesions within the paranasal sinuses, MRI and CT play
complimentary roles. Nearly all soft tissue lesions within a sinus will have similar
CT densities, and therefore it is difficult to differentiate inflammatory or obstruc-
tive change from tumor. This distinction can often be made with MRI (Figure 20).

Figure 20. Sinus carcinoma. (A) This patient presented with facial pain and bloody sinus discharge.
A direct coronal CT section demonstrates abnormal soft tissue density within the left and right ethmoid
air cells and the left nasal cavity. (B) On a more posterior section, abnormal soft tissue density is seen
within the left sphenoid sinus and extending inferiorly through the sinus floor and ostium of the left

maxillary sinus into the maxillary antrum.
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Figure 20. Sinus carcinoma. (C) At a level between A and B, a coronal MR image demonstrates similar
findings (TR=2.0s, TE=28 ms). (D) With increased T2-weighting (TR=2.0s, TE=56 ms),
hyperintense sinus secretions within the inferolateral aspect of the antrum can be distinguished from
less intense tumor at the ostium. Excisional biopsy revealed an adenocarcinoma.

CT more effectively demonstrates expansion, erosion, or destruction of the bony
walls of the sinus. Tumor extension into an adjacent sinus, the nasal cavity, or
the orbit is readily demonstrated with either modality. Because of its greater
contrast resolution, intracranial extension of a sinus lesion is better demonstrated
by MRI than by CT.
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Figure 21. Thyroid carcinoma. (A) This patient presented with a bulky neck mass. An axial MR image
at the subglottic level demonstrates a large mass extending primarly from the right lobe at the thyroid
and displacing the subglottic airway (surface coil, TR =2.0 s, TE=28 ms).

Figure 21. Thyroid carcinoma. (B) A more inferior section demonstrating invasion of the subglottic
trachea and posterior extension across the midline (TR =2.0 s, TE =28 ms).
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Figure 21. Thyroid carcinoma. (C) Superiorly, the mass extends into the right glottis and paralaryngeal
soft tissues (TR=2.0 s, TE=28 ms).

Thyroid and parathyroid glands

Currently, suspected thyroid or parathyroid masses are best evaluated by a
combination of radionuclide scintigraphy and ultrasound. CT and MRI have
limited roles, with the possible exception of malignant tumor staging. Extension
of a thyroid malignancy outside the gland can be demonstrated by either modality
(Figure 21), but intrathoracic extension is better depicted by MRI. Cervical
adenopathy is more apparent on CT. Small parathyroid adenomas are more easily
resolved with CT than with MRI.

Thoracic inlet

Lesions at the thoracic inlet are difficult to evaluate with CT secondary to
attenuation of the X-ray beam by overlying shoulders. MRI is not limited in this
regard, and yields a natural high contrast between fat (high intensity), blood
vessels (low intensity), and soft tissue structures or lesions (medium intensity).
Thus, patients with symptoms with airway obstruction, vascular compromise, or
brachial plexopathy are best studied with MRI (Figure 22).
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Figure 22. Pancoast tumor. (A) This patient presented with shoulder pain and a Horner’s syndrome.
A chest X-ray (not shown) demonstrated a left apical mass. The axial MR image shows an intermediate

intensity mass occupying the lung apex, extending into the superior mediastinum and eroding a
thoracic vertebal body (TR=1.0 s, TE =30 ms).

Figure 22. Pancoast tumor. (B) Magnified image depicting vertebral body erosion (arrow).



139

Figure 22. Pancoast’s tumor. (C) A direct coronal image graphically demonstrates the relation of the
mass to the spinal column, the superior mediastinum, and the subjecent low intensity aortic knob
(TR=1.0 s, TE=40 ms).

Cervical adenopathy

There is some controversy regarding the relative effectiveness of MRI and CT in
the evaluation of cervical adenopathy [13]. In our experience, the greater contrast
resolution of MRI does not compensate for its lesser spatial resolution as
compared with CT. Spatial resolution may be increased with the use of surface
coils (Figure 23), but in most cases the entire neck cannot be studied effectively
in a cost- and time-efficient manner. Vascular encasement or fixation by
metastatic adenopathy may be better appreciated with MRI because of the natural
contrast of flowing blood and tumor. For these reasons, we feel CT is the initial
modality of choice in the evaluation of cervical adenopathy, with MRI effective
as an adjunct procedure when vascular fixation is suspected.

Recent developments and future trends

There has been a striking and progressive increase in MR image quality within
the last few years. Continued improvements in computer software are anticipated,
and will lead to even greater diagnostic effectiveness and clinical application. The
expected availability of paramagnetic contrast material will have a major impact,



140

Figure 23. Cervical adenopathy. (A) An axial MR image demonstrates multiple one to three cm
medium intensity masses in the soft tissues of the neck. Excisional biopsy revealed lymphoma
(TR=0.5 s, TE=40 ms). (B) Surface coil image in another patient. Several 3 to 5 mm nodes can be
seen within the left posterior triangle (arrows) (TR=0.5 s, TE =28 ms).

particularly in imaging of the brain and extracranial head and neck. Finally,
increased user experience and the conduction of carefully controlled comparison
studies will undoubtedly increase the efficacy of this modality in the evaluation
of patients with head and neck tumors.

Summary

In recent years and months, MRI has been shown effective in the evaluation of
a number of head and neck lesions. While additional controlled and comparison
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studies are needed, MRI appears to be the consensus examination of choice in
the work-up of lesions at the skull base and within the nasopharynx. In other
areas, such as the oropharynx, salivary glands, and the paranasal sinuses, MRI
appears to be comparable or complimentary to CT. In the evaluation of laryngeal
tumors and cervical adenopathy, the role of MRI is yet to be defined, but one
would predict a progressive increase in its efficacy with evolving technical
advances.

Magnetic resonance at HMRI

The Huntington Medical Research Institutes houses four magnetic resonance units: a Diasonics 0.35
Tesla whole body imager, a 4.7 Tesla Chemical Shift Imager capable of both imaging and spectrosco-
py, and two Bruker ‘wide bore’ spectrometers operating at 180 and 260 megahertz.

The ‘wide bore’ units are used primarily for metabolic studies on cardiac ischemia. Phosphorus
spectra are observed in working rabbit heart preparations perfused with a fluocarbon blood substitute.
The 4.7 Tesla unit is used to study muscle and tumors in human limbs, and heart and brain in canines.

The Diasonics imager was placed in service in May of 1983. As of January 1987 over 9000 patients
had been examined using the instrument. Sixty-nine percent of the patients have had brain exami-
nations and 19% had have spine examinations. Of the remaining 12%, many have undergone imaging
for suspected head and neck malignancies, often in conjunction with high resolution CT studies.

Continuing imaging research is directed at improving knowledge about the physical and chemical
bases of image appearence in various disease states, and improving sensitivity, specificity and imaging
speed by optimizing radiofrequency pulse sequences, coil design and use of image-enhancing contrast
agents. Several protocols are being utilized to more accurately determine the effectiveness of MRI
in head and neck tumor staging.
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9. Timing of chemotherapy as part of
multi-modality treatment in patients with
advanced head and neck cancer

MUHYI AL-SARRAF

Introduction

Patients with locally advanced (stage III and IV) squamous cancer of the head
and neck have had poor prognosis in spite of standard therapy [1-10]. For those
patients with operable and resectable disease the accepted conventional treatments
are:

1. surgery alone;

2. pre-operative radiotherapy followed by surgery;

3. surgery followed by radiotherapy;

4, radiotherapy alone.

The overall survival results reported for radical surgery for primary and regional
disease, with or without the addition of radiation (pre-op or post-op), in resectable
head and neck cancers are the same. No randomized trials have ever been reported
showing statistical differences in survival between these modes of treatment.
Selected patient reports from some institutions favor the combined approach of
surgery and radiation therapy over surgery alone, especially in relationship to the
disease-free survival [1-7].

Most investigators agree that the results of radiotherapy alone in patients with
locally advanced but resectable head and neck cancer are inferior to the results
obtained with surgery with or without radiotherapy [3, 4].

In 1977, Vandenbrouch et al. [5] reported on the results of a randomized trial
of pre-operative versus post-operative irradiation in treatment of tumors of the
hypopharynx, suggesting the superiority of post-operative treatment in disease-
free relapse rate and overall survival. A large randomized study conducted by the
Radiation Therapy Oncology Group (RTOG) did not confirm such con-
clusions [6, 7] although in certain subgroups, the results of post-operative radio-
therapy were superior to pre-operative treatment.

It is accepted by most investigators that surgery followed by radiotherapy is
the standard treatment for patients with resectable and operable cancer of the
head and neck for three major reasons: (1) the higher incidence of surgical

C. Jacobs (ed) Cancers of the head and neck.
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complications in the pre-irradiated patients; (2) about 20% of the patients may
refuse planned radical surgery, especially those with good response to pre-opera-
tive radiation treatment; and (3) the possibility that the exact extent of surgery
may vary in patients with the same site and T & N stage of cancer treated after
pre-operative radiotherapy vs. those treated before radiation.

However, the combination of radical surgery and post-operative radiotherapy
have not produced adequate tumor control in the majority of the patients with
locally advanced disease [1-10]. The incidence of loco-regional failure can be as
high as 60%, and distant metastases developed in 10 to 50% of the cases.

In patients with unresectable cancer and/or an inoperable disease, radiotherapy
alone is the accepted conventional treatment. It was reported that the degree of
response of these patients to such treatment is the most important factor that
determines the overall survival [14]. Inspite of initial good response to irradiation,
most of these patients are dead within 36 months with a high incidence of local
and/or regional lymph node failure.

Because of the continued poor results with the ‘standard’ definitive treatment
in patients with locally advanced squamous cell cancer of the head and neck, many
attempts to improve upon such results have been studied and reported [15]. The
most recent and perhaps most promising of these clinical trials is the use of
chemotherapy as part of combined modality treatment for patients with head and
neck cancer.

Until recently, systemic chemotherapy, single agents or combinations had been
employed for palliation purposes only for those patients with recurrent disease
or distant metastases occurring after primary treatment (surgery or radiotherapy).
With the introduction of more active agents(s) (e.g. Cisplatin) and the finding of
a high overall response rate with better complete response when induction
Cisplatin-based combination was given as the initial treatment, the value of
combination chemotherapy as part of the combined modality therapy is being
intensely evaluated [15].

The best chemotherapy combination

Before testing the value of chemotherapy as part of other definitive treatments
for patients with head and neck cancer, it is important to identify and utilize the
best chemotherapy regimen.

At the time of surgical resection, the surgeon removes all the gross tumor with
a healthy margin. He then obtains multiple frozen biopsies, and if all are negative,
he will reconstruct the space created. This is considered adequate resection.

The radiotherapist usually delivers the highest possible tolerable dose with a
port to cover all known disease areas and possible drainage lymph nodes. This
is considered adequate radiotherapy.

As medical oncologists, we have to be allowed to utilize the best and most
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adequate chemotherapy, especially when there is a question of the value of this
modality of treatment as an adjunct to the other definitive therapies.

So, the question is how do we define the best and most adequate chemotherapy?
In Table 1 some of the elements used in selecting the best chemotherapy for
randomized trials are defined. One of the most important factors in selecting
chemotherapy is the incidence of clinical complete response achieved by such
treatment. In utilizing Cisplatin-based combinations, the reported incidence of

Table 1. Definition of the best chemotherapy

A. Effectiveness
1. Incidence of clinical complete response
2. Incidence of histological complete response after resection or ‘adequate’ biopsy
B. Administration
1. The number of courses needed to induce clinical complete response
2. The number of courses that need to be given after achievement of clinical complete response
3. Overall total number of courses
4. Total dose of the more ‘toxic’ agent(s)
5. Frequency and duration of such chemotherapy
C. Safety
1. Incidence of acute side effects
a. Nausea and/or vomiting
b. Myelosuppression
c. Renal impairment
d. Hair loss
e. Other GI side effects
2. Incidence of subacute side effects
a. Peripheral neuorpathy
3. Incidence of chronic side effects
a. Deafness
b. Renal impairment
c. Pulmonary failure
d. Second primary cancer
D. Tolerance
1. Patient acceptance
2. Incidence of patient exclusion
3. Delay of definitive therapy, surgery and/or radiotherapy
4. Acceptance by the multimodality team
E. Cost
. Inpatient vs. outpatient administration
. The need for central I.V. line
. Laboratory tests needed
. Supportive care needed
. Days in hospital and days lost from work
. Duration of each treatment course

AN bW N —
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clinical complete response (CR) to induction varies from one report to another
and ranges from 0 to 54% [15]. It seems important, therefore, to identify factors
that might influence the incidence of CR, and some of them are:
1. number of courses of chemotherapy given;
2. type of combination utilized;
3. stage of disease:
a. Stage III vs. stage IV,
b. T4NeM, vs. T,N;M,;
4. performance status;
5. other

a. tumor differentiation,

b. site of primary tumor,

c. intensity of chemotherapy,

d. sequential chemotherapy with two non-cross resistant combinations.
The factors that influence the incidence of clinical CR to inital chemotherapy may
also influence the incidence of histological CR after surgical resection or ‘ade-
quate’ multiple biopsies [16-19]. The most important factors that might influence
the incidence of histological CR are the N stage (No) and number and type of
chemotherapy courses given.

At Wayne State University, three sequential pilots with induction chemothera-
py between 1979 and 1982 (two courses of Cisplatin, Oncovin and bleomycin COB
[20, 21], two courses of Cisplatin and 96-h 5-fluorouracil (5-FU) infusion [22, 23]
or three courses of Cisplatin and 120-h 5-FU infusion [24] produced overall
clinical CRs of 29%, 19% and 54% respectively. For patients with clinical CR
who underwent surgical resection, the histological CRs were 1/10, 2/2 and 10/20
respectively with each chemotherapy [16].

The type of induction chemotherapy did influence the overall survival of these
patients regardless of the subsequent definitive therapy [12, 18, 24-26].

Also, patients achieving clinical complete response to the initial chemotherapy
had significantly superior survival to those patients with less than CR to treatment
regardless of the subsequent definitive therapy [16, 29]. More importantly, those
CR patients who were found to have no histological disease after surgical resection
had statistically superior survival when compared to those clinical CRs who had
residual disease at surgery [16].

It is very important to mention that the time when clinical CR was achieved
in relation to the number of courses of chemotherapy was critical in determining
the incidence of histological CR and possible influence on overall survival. A
clinical CR occurring after one course of chemotherapy when additional courses
were planned, was a more favorable prognostic factor than clinical CR occurring
at the end of the last planned course of chemotherapy.

Another important factor that influenced the incidence of CR after initial
chemotherapy and the overall survival was the stage of disease (stage III vs. stage
IV) and especially the actual T &N of the disease (Tables 2, 3 and Figure 1).
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Figure 1. Overall survival in weeks for patients with stage T,N, vs. T,N;.

Table 2. Incidence of complete response to three courses of Cisplatin and 120-h 5-FU infusion by
stage of disease

Stage 111 Stage IV
CR 13 35
PR 2 33
NR 2 3
CR/total 13/17 35/71
(76%) (49%)

Table 3. Incidence of complete response to three courses of Cisplatin and 120-h 5-FU infusion by
T&N stage

TNM, T,N;M,
CR 12 3
PR 2 1
NR 2 0
CR/total 12/16 3/14

(75%) (21%)
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In stage III disease the clinical CR to three courses of Cisplatin and 5-FU
infusion was 76% (13/17) vs. 49% for stage IV disease. The clinical CR to the
same chemotherapy for T N, disease was 75% vs. 21% for T4N;. Overall survival
for patients with T,NyM, stage of this disease was statistically significant as
compared to overall survival of patients with T,N3M, cancer, regardless of
response to initial chemotherapy and subsequent definitive treatment (Figure 1).

It is worth mentioning that T, or N; disease is very poorly defined by the AJC
and UICC system, and many subgroups of the disease could be identified that
might influence the CR rate to initial chemotherapy and the overall survival of
these patients.

Despite about 10 years of trials with induction chemotherapy, we do not know
what is the best chemotherapy regimen available at the present time, and we do
not have the research yet to determine the best chemotherapy possible.

Another possibility of effective modality is combining chemotherapy and
radiotherapy simultaneously [15, 28]. This is especially true with the combination
of Cisplatin and radiotherapy. This combination is active with a clinical CR of
about 70% on the cooperative group level (RTOG), and the side effects are
reversible and acceptable [28, 29]. The effectiveness of this combination for
patients with inoperable, locally advanced head and neck cancer opened another
avenue of utilizing this combination the pre-operative [30] or post-operative (in
progress) set up.

When to include chemotherapy in multipodality treatment

At what stage of drug development and at what level of antitumor activity should
we introduce these agents into multipodality treatment and begin testing their
value?

We believe we have to have clinical complete response rate that is as high as
possible. Additional courses given before definitive therapy may enable us to
obtain the highest rate of true histological complete response and to influence
patient survival and the quality of survival. This must be done without jeopardiz-
ing or delaying definitive treatments like surgery or radiotherapy.

At the same time, because of poor results (particularly overall survival), the
high incidence of loco-regional failure, and the possibility of systemic metastases
after our present ‘definitive’ treatments, it is becoming a moral and ethnical issue
whether to withhold combination chemotherapy with its modest clinical activities
(up to 50% CR) from multimodality therapy.

As was mentioned earlier, we are in the 10th year of clinical trials, and we still
do not know the best chemotherapy regimen which will produce the expected
impact as part of other definitive treatments in patients with locally advanced
head and neck cancer.

The number of additional years needed to reach this regimen is unknown, and
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it depends on many factors including resources, new agent(s), safer agent(s),
investigators and institutional committment. Besides all pilot studies from single
institutions have to be tested and accepted by other institutions and on the
national level by cooperative multi-institution group.

In 1978, with activation of the Head and Neck Contract Program, sponsored
by the National Cancer Institute, one course of Cisplatin and bleomycin was used
as initial therapy as part of the experimental arms to be followed by surgery and
post-operative radiotherapy. This chemotherapy produced about a 50% overall
response and only a 5% clinical complete response [31].

In 1979, Southwest Oncology Group (SWOG) activated a randomized trial to
test two courses of Cisplatin, Oncovin and bleomycin in patients with inoperable
locally advanced head and neck cancer to be followed by radiotherapy vs.
radiotherapy alone. The overall response rate to this combination was about 80%
and clinical CR about 20-30%.

In 1983, the Radiation Therapy Oncology Group (RTOG) activated a random-
ized trial in patients with resectable cancer to test the efficacy of three courses
of Cisplatin and 5-FU infusion as part of combined modality therapy. This
protocol is now active nationwide by the mechanism of the Head and Neck Cancer
Intergroup (protocol # 0034). This combination produced 90% overall response,
up to 50% clinical CR, and up to 50% of those clinical CRs are histological CR.

The problem that we have to study in future trials is the value of chemotherapy;
if no real advantage can be obtained, is this due to the fact that chemotherapy
may not have a place in the combined modality settings, or have we not found
the most active and effective chemotherapy? The latter possibility means we still
have a long road ahead of us in order to continue to improve on the activity and
the safety of our chemotherapy.

Timing and sequence of chemotherapy as part of multimodality treatment

The next question that needs to be answered after achieving the best chemotherapy
is the timing and sequence of such treatment as part of multimodality therapy.
Many strategies can be designed for further trial:

1. induction, before definitive treatment;

2. post-surgery chemotherapy;

3. post-radiotherapy chemotherapy;

4. chemotherapy combined with simultanous radiation;

5. combination of the above.

Since 1975, when chemotherapy was added to the multimodality treatments for
locally advanced head and neck cancer, all pilot studies conducted gave chemo-
therapy before definitive therapy of surgery and/or radiotherapy. This was done
for one obvious reason to test the effectiveness of such agents on measurable gross
disease. This is the only way to test chemotherapy in previously untreated patients.
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The use of chemotherapy as the initial treatment will continue for the near future,
at least until we find the best chemotherapy regimen. In order to test the actual
value on disease-free survival and overall survival and as part of the multimodality
treatment, the timing and the sequence of these therapies need to be established
to obtain the best results possible, especially in patients with resectable cancer.

Some problems occurred with induction chemotherapy in patients with resect-
able and operable, locally advanced head and neck cancer. In these patients
surgery is accepted as the most important part of the multimodality therapy at
the present time. With improvement in incidence of clinical CR to pre-operative
radiotherapy or initial good response (CR) with the induction chemotherapy many
problems have arisen.

Patients refusal of surgery or further therapy

In patients treated with pre-operative radiotherapy, only 20% will refuse the
planned surgical resection, particularly those who achieve a complete response.

The refusal of planned surgery after induction chemotherapy is even higher and
is now approaching 30-35% of the patients. Of those patients who achieve clinical
CR after induction chemotherapy, more than 50% may refuse surgical resection,
and some patients may even refuse any further therapy. It may create a major
problem in the overall results of the multimodality therapy if the most important
modality of treatment is refused. Also this will create a major difficulty in
randomized trials when trying to test the efficacy of induction chemotherapy as
part of multi-modality therapy vs. standard therapy (surgery and post-op
radiotherapy). In the experimental arm, 30% of the patients might not have the
planned surgical resection.

Is the planned surgery after induction chemotherapy the same as pre-planned?

The decision as to the extent of the radical surgical resection for patients with
locally advanced resectable cancer of the head and neck is made after completion
of triple endoscopy and other evaluations. Those patients scheduled for surgery
first, without pre-operative treatment, have the adequate resection as planned.
In those patients with the same stage and site of malignant disease but with good
response to induction chemotherapy (especially a CR), the extent of surgery, the
definition of negative margin, and the results of frozen section biopsies may not
be the same, even if performed by the same surgeon.

Another major question is why should one expect following three courses of
induction chemotherapy and achievement of good response followed by planned
surgery significant improvement in cure rate vs. radical surgery and removal of
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all gross tumor with negative margins without pre-operative therapy? At the end
of both treatment arms, patients have no evidence of disease.

The effectiveness of chemotherapy is measured by the incidence of response,
especially, CR in patients with advanced disease. It is expected to have the same,
if not better, effect when the same chemotherapy is used with the same number
of courses on minimal residual disease achieved after surgical resection.

Because of all of the above reasons and other possible factors, we initiated a
pilot study for resectable disease in which three courses of Cisplatin and a 120-h
5-FU infusion were given after surgery and before radiotherapy [32]. Following
the demonstration of the feasibility with this type of multimodality treatment, two
pilots were activated at the same time by us in the RTOG in 1981. One utilized
induction chemotherapy followed by surgery and post-operative radiotherapy.
The second pilot utilized the same chemotherapy after surgery and before radio-
therapy. The side effects of chemotherapy were the same, regardless of the
sequence of chemotherapy in relation to the definitive treatment. Survival favored
chemotherapy in the middle ‘sandwich’, despite a greater number of patients with
stage IV and poorer performance status in this group [33].

Late in 1983, RTOG activated a randomized trial to compare surgery followed
by radiotherapy vs. surgery followed by chemotherapy and then followed by
radiation therapy. In 1985 this important study was accepted and activated by the
Head and Neck Intergroup. The randomization occurred after surgery, and those
patients with positive margins were excluded. Because of this, pathological stage
and surgery were equal in both arms.

We did not include maintenance chemotherapy because of the difficulty in
accomplishing such therapy with the Head and Neck Contract Group, and the
difficulty faced by many cooperative groups in trying to activate such a study with
poor accrual.

There are many other possible designs of timing and sequence of chemother-
apy as part of multimodality therapy. These will be part of further investiga-
tions.

Regardless of the optimal sequence of chemotherapy as part of the multimoda-
lity approach, and because of the need for more effective and safe chemother-
apy, induction chemotherapy is the only way to test the effectiveness of chemo-
therapy in previously untreated patients before it can be utilized in randomized
trials. :

The objective for continuing trials with induction chemotherapy, aside from
determining safety and tolerance levels, is to increase the incidence of clinical CR
and histological CR based on surgical resection or ‘adequate’ biopsy [34, 35].

Other trials are underway at the institutional level to minimize the surgical
resection [19, 20, 36], and on the national level a trial is being carried out by the
V.A. laryngeal cancer group. This study randomizes resectable stage III and IV
laryngeal cancer patients to surgery and radiotherapy vs. induction chemotherapy
with Cisplatin and 5-FU infusion. Then the good responders receive total radio-
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therapy, while patients with poor or no response will have surgery and post-opera-
tive radiotherapy.

This is an important phase of combined modality therapy development for
locally advanced head and neck cancer, especially since we feel we have not
reached to our best possible chemotherapy combination.

Summary and further challenge

The results of definitive therapy for patients with locally advanced head and neck
cancer are poor and not acceptable. For resectable disease, surgery is still the most
important modality, and little further improvement can be done on ‘adequate’
radical surgery. On the other hand, because of the morbidity of such a procedure
and the functional and cosmetic effect, the aims for less or delay of surgery is
the challenge of the future, provided we do not jeopardize patients’ quality of
life or overall survival.

Radiotherapy is an imporant component for treatment of these patients, and
many attempts are underway to improve on its effectiveness. These include:
radiosensitizers, radioprotectors, hyperfractionation, hyperthermia, neutron,
etc.

Chemotherapy is an effective anti-tumor modality, producing excellent overall
response and up to 50% complete clinical response. Chemotherapy research is
underway to improve on the results of this antitumor property, especially the rate
of clinical and histological CR. And so chemotherapy may have a greater promise
in improving results of our treatment in cancer of the head and neck. The value
of chemotherapy as part of multimodality treatment and as a possible means to
reduce surgical morbidity and mutilation are being investigated. The challenges
of the future are: (1) to identify the best chemotherapy possible, (2) to further
test the timing and sequence of such chemotherapy as part of other therapy for
head and neck cancer, (3) to investigate the value of our best chemotherapy with
the proper doses, courses, frequency, and timing for these patients, and (4) to
continue our work to lessen or delay ‘radical resection’, which may cause
considerable morbidity and affect the quality of life of these patients.
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10. Immunology of the lymph node

DAVID E. SCHULLER

Introduction

A considerable body of information exists in the medical literature about neck
nodes in patients with head and neck malignancies. Much of this literature
discusses the frequency of nodal involvement with metastases. This literature has
clearly documented that the cervical lymphatic system plays a potential role in
altering the behavior of head and neck malignancies and also needs to be an
important consideration in the development of therapeutic programs. A wealth
of clinical data exists, and thorough anatomic reports have been published [1].
But the literature has recently changed some what in that it now contains
discussions of this cancer and its impact on the immune system [2-11].

As the body of information expands concerning the role of the cervical
lymphatic system in the immunologic reaction to cancer, it is anticipated that this
will have an impact on the objectives of cancer treatment. This chapter will
initially review the anatomical make-up of the cervical lymphatic system and how
it is altered by cancer. This information will provide a basis for a more specific
discussion of the immunoactivity of patients with head and neck cancer, especially
as it relates to the cervical lymphatic system.

Anatomy of cervical lymphatic system

The smallest vessels within the cervical lymphatic system are the capillaries. These
capillaries are similar to blood capillaries in that they contain only endothelium;
however, blood capillaries are larger. Lymphatic capillaries are capable of
containing a considerable amount of lymphatic fluid. The capillaries join to
ultimately become collecting vessels. These are multi-layered vessels that contain
numerous valves.

Normal nodes in the neck are usually 1-2 cm in diameter. There are also nodes
which are not identifiable without the use of magnification. In addition to these
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Figure 1. The normal cervical lymph node which is not involved with cancer usually has recognizable
anatomic architecture that shows the location of T and B cells.

small nodes, there are even smaller aggregates of lymphocytes called nodules, and
these are usually 2 mm or less in diameter. It is the nodes and nodules which are
connected with the vessels of the lymphatic system. There are other collections
of lymphoid tissue, such as in the nasopharynx and the gastrointestinal tract which
are not connected with the nodes and nodules and their collecting vessels.

The individual node has a somewhat consistent architecture. There are usually
single or multiple afferent and efferent vessels. The outer layer of the node is
referred to as the capsule (Figure 1). The marginal sinus is located in the periphery
adjacent to the capsule, and the medullary sinuses are located in the central
portion. There are germinal centers and follicles throughout a lymph node.
B-lymphocytes seem to be concentrated in the follicles near the germinal centers.
This is in contrast to the T-lymphocytes which appear near the periarterial
regions [12].

The collecting vessels joining all the lymph nodes ultimately fuse to form
collecting trunks. These will eventually drain into the venous system at the point
of junction of the internal jugular with the subclavian vein. Although the thoracic
duct is the largest communication of the lymphatic with the venous system, it is
important to recognize that there is a similar but not as large connection on the
right side of the neck.

Neoplastic involvement of neck nodes

Neck nodes are frequently involved with metastatic squamous carcinoma. This
involvement alters the patient’s prognosis. The critical point important to the
understanding of the nodal involvement is to recognize how neoplasm anatomi-
cally becomes involved. Anatomic studies have documented the continuity of
lymphatic channels from primary tumor sites to the neck nodes. This anatomic
fact lead to the impression that cancer involvement of the neck nodes was
secondary to contiguous growth of the primary tumor within the lumen of the
lymphatic vessels. This contiguous growth ultimately involved the nodes. Howev-
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er, Ottavianai[13] demonstrated that nodal involvement is not via contiguous
growth, but rather as emboli of groups of tumor cells.

These tumor emboli appear to become trapped by the reticulum fibers of the
marginal sinuses. The emboli become trapped after they have entered the node
from the afferent channels. Subsequent growth causes alteration in lymphatic
flow through the involved nodes. If this growth is extensive enough, it can alter
lymphatic pressure throughout the cervical lymphatic system which has an impact
on the propagation of cancer cells to other nodal chains that normally would not
receive lymphatic fluid according to normal anatomic descriptions.

A substantial component of the body’s lymphatic system is anatomically
confined to the neck. There are estimates that approximately 800 nodes exist in
the average human, and 300 (37.5%) are in the cervical lymphatic system [14].

Immunoreactivity to head and neck cancer

Numerous reports have been published discussing the systemic immuno-compe-
tence of patients with head and neck cancer. There currently is no single diagnostic
study which consistently and reliably presents an accurate description of the
immunoreactivity. This explains the multitude of tests now utilized to assess
immunoreactivity.

It is important to recognize that the patient population most frequently involv-
ed with head and neck cancer are generally exposed to extrinsic factors that in
themselves are immunodepressing factors. The elderly patient, who has been using
cigarettes and alcohol for long periods of time, with a compromised nutritional
status, has essentially subjected himself to a series of factors that have been
documented to all be immunosuppressive.

It is also necessary to recognize that current conventional forms of cancer
treatment are also immunosuppressive. Radiation therapy has been proven to be
immunosuppressive [15-18]. Chemotherapy is also immunosuppressive [19]. Gen-
eral anesthetics in surgery can also reduce immunoreactivity [20, 21].

All of these statements concerning the measurement of the immune response
are based on assessments of the systemic immunity. It has not been until recently
that the actual immune activity of the neck nodes has been addressed. If the
regional nodes are capable of reacting immunologically, then this information
could be important to the therapeutic program. Clearly the current practice of
eradicating the entire regional nodal system with either surgery and/or radiation
therapy would potentially be detrimental to the patient’s prognosis. These con-
cerns provide the stimuli for developing a better understanding of the potential
immunologic capabilities of neck nodes.
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Figure 2. A schematic illustration of the preparation of single cell suspensions of tumor cells and
lymphocytes arising from each of the five major nodal groups.

Figure 3. A schematic illustration showing the methodology utilized to evaluate the tumor-lymphocyte
interaction. Colony counts were obtained for single cell suspensions of tumor only, tumor-lymphocyte
mixture for both pre-incubated and non-incubated for each of the neck nodal groups, and lymphocytes
only.
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Immunoreactivity of the cervical lymphatic system

The previous section documented the wealth of information that has been
published characterizing the immune system’s reaction to head and neck cancer
in humans. All of this literature has attempted to study it by measuring the
immune capabilities of the person as a single unit. The presumption is that what
is being assessed by measuring skin test reaction or T-lymphocyte stimulation to
mitogens, for example, is an accurate reflection of the ability to deal with the
antigenic stimulus of tumor. Until recently there has been little discussion of what
may be occurring immunologically as a result of the tumor stimulation of the neck
nodes. This regional immune response has the potential of being a more accurate
characterization of the body’s true response to tumor rather than a nonspecific
assessment of immunoreactivity. But there was a problem in that no mechanisms
existed to study the immunoreactivity of the neck nodes.

The clonogenic assay, as described by Hamburger and Salmon [22], is a
technique which is a means of permitting tumor cell growth in soft agar so that
it can be utilized for chemosensitivity testing. However, this methodology can also
be utilized to study tumor-lymphocyte dynamics. It was precisely this experimen-
tal design which has permitted an evaluation of T-lymphocytes extracted from
metastatic and non-metastatic neck nodes in patients with head and neck carcino-
ma, which in turn has provided the opportunity to assess regional immunoreactiv-
ity.

The experimental design involves the preparation of single cell suspensions of
both tumor cells and lymphocytes obtained from different anatomic regions of
a neck specimen following radical neck dissection (Figure 2). After these single
cell suspensions are prepared, the tumor cells and lymphocytes can be mixed and
plated on soft agar (Figure 3). Suspensions in soft agar of tumor cells only and
another suspension of lymphocytes only serve as controls. The number of tumor
colonies counted in the tumor-lymphocyte mixtures when compared with the
tumor only soft agar suspensions would provide a basis for assessing the immune
impact of the lymphocytes on subsequent tumor growth.

The criteria for what represented an acceptable colony were the same that have
been reported by others [22-24]. A colony was not considered acceptable unless
it contained at least thirty cells or was at least 60 mm in diameter using a Nikon
inverted phase-contrast microscope (40 x ). Figure 4 represents the appearance of
a tumor bolus in the tumor only control soft agar dish. Figure 5 represents the
appearance of lymphocyte control in soft agar. The tumor lymphocyte mixture
appears as shown in Figure 6. Inhibition or stimulation of tumor growth is
defined as a ratio comparing the number of colonies in the tumor-lymphocyte
mixture as the numerator and the number of colonies from the agar dishes
containing tumor only as the denominator. Extensive investigations have been
performed to document that what miscroscopically appeared to be tumor cells
in soft agar when mixed with lymphocytes was not artifact [25].
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Figure 4. Soft agar dish which demonstrates tumor bolus with no lymphocytes (original magnification
x 1582).

Figure 5. Photomicrograph showing soft agar dish where lymphocytes only have been suspended
(original magnification x 1582).
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Figure 6. Soft agar dish which shows tumor-lymphocyte mixture. The tumor bolus is surrounded by
the small dot-like structures which are the lymphocytes (original magnification x 1582).

Figure 7. Distribution of patients whose tumor-lymphocyte interactinon was grouped according to
those demonstrating apparent inhibition (<0.9), little change (0.9-1.1), or stimulation (>1.1) in that
group of patients whose tumor-lymphocyte mixture was immediately suspended in soft agar.

The soft agar experiments studying tumor-lymphocyte mixtures demonstrated
that there were times when tumor inhibition occurred. There was also evidence
of minimal impact on tumor cell growth. But it was also not uncommon to
see evidence of stimulation of growth occurring when lymphocytes were mixed
with tumor cells (Figure 7). This figure clearly demonstrates that some type of
dynamic interaction is occurring with the lymphocytes from neck nodes and head
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and neck cancer. It is rare for such a mixture not to have an impact on tumor
cell growth.

This demonstration that cells derived from regional lymph nodes have an
impact on tumor growth is not unique to head and neck neoplasms. Fisher
and co-workers [26-30] used an animal model to demonstrate regional nodal
immune capabilities. They were able to prove that immunity could not develop
in the absence of regional nodes in this animal system. In fact, later studies by
this group [31] demonstrated a decrease in the systemic immunity with the removal
of the regional lymph nodes which resulted in an increased frequency of tumor
occurrence when the animal was then challenged with tumor cells. Fisher and
co-workers also extended this work to humans with breast or colon cancers. They
demonstrated that regional nodes were immunoactive in patients with and also
without metastases to these nodes.

One of the fascinating reports by Fisher suggests that a difference exists in the
immune capabilities of axillary lymph nodes in women with breast cancer depend-
ing on the anatomic position of the node within the axilla[32]. However, the
immunocapabilities of lymphocytes derived from neck nodes from different
regions within the neck in patients with head and neck cancers all appear to have
similar immune capabilities.

There has been some questions as to whether recurrent cancer is a reflecton or
possibly a cause of an altered immune state. However, there is information [25]
that regional nodal immunoreactivity exists in both patients with previously
untreated cancer and/or in patients with recurrent disease. In this same study,
Schuller noted no difference in immunoreactivity in patients who have disease in
contrast to those who are free of disease.

The other question involves whether or not there is a relationship between what
is noted with regional/ immunoactivity when compared to the battery of tests
assessing the systemic response. There is some information in the literature that
many of the usual assessments of systemic immune competence, such as total
lymphocyte count, helper/suppressor ratio, immunoglobulins, skin testing, and
lymphoblast transformation, can be normal even in patients with advanced stage
head and neck cancers.

Reports of comparisons between serum and neck node T and B cell populations
from patients with head and neck cancer have been published. The proportions
of nodal T and B cells and even T cell subpopulations were similar to those seen
in the serum. Some trends have been noted regarding the relationship of some
of the T-cell sub-populations. Although not statistically significant, Schuller’s
study [25] found a trend toward lower serum helper/suppressor ratios being
associated with tumor/lymphocyte growth patterns in soft agar, and these were
consistent with increased tumor growth. One disparity between the serum and
node T cell sub-populations does exist. The absolute value of the helper/suppres-
sor ratio in nodes from patients with head and neck cancers is significantly higher
than that recorded from the same patient’s serum.
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The current American Joint Committee Staging system for neck nodes in head
and neck cancer represents an attempt to provide prognostic information. This
system is heavily weighted towards the significance of the numbers and/or size
of metastatic nodes. However, the clinical usefulness of numbers and size of
metastatic nodes in terms of their prognostic accuracy is currently being challeng-
ed [33, 34]. The information obtained from tumor growth patterns in soft agar
have not shown any relationship to currently existing factors utilizing the staging
of nodal disease.

Immunomodulation

If indeed the T-lymphocytes from neck nodes in patients with head and neck
cancer have an impact on tumor growth, the next logical hypothesis would be that
these lymphocytes could be modulated to enhance their reaction to tumor. A study
by Schuller and co-workers [35] has demonstrated that non-specific immune
stimulants, such as bacillus Calmette-Guerin (BCG) or N-acetylmuramyldipep-
tide (MDP), are capable of altering the immune capabilities of the lymphocytes
from neck nodes after a period of incubation. Results from experiments with a
similar design using soft agar and tumor-lymphocyte mixtures demonstrated the
ability of non-specific immunomodulators to enhance the amount of tumor
growth inhibition seen when compared to the controls of tumor only and
tumor-lymphocyte mixtures without immunostimulation.

Histologic immune staging

Means of assessing the regional immune capabilities of neck nodes have been
undertaken by others [36] using different approaches. Berlinger [36] noted differ-
ences in the nodal architecture and was able to correlate them with survival in
a group of head and neck cancer patients. Patients with marked histiocytic
response oftentimes had a more favorable prognosis. This work actually rein-
forces an earlier report by Black et a/l.[37] who noted a relationship to the
histopathologic structure of lymph nodes in patients with breast cancer. But it
has been difficult to standardize these histologic parameters.

Treatment implications

Current conventional treatment programs for most malignancies, including head
and neck neoplasms, involve the non-specific treatment of tumor-containing
tissue. Whether it is surgery, radiation therapy, or chemotherapy, or any combi-
nations of the above, they all involve the treatment of not only tumor but also
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non-tumor containing tissue. The surgeon for example intentionally resects a cuff
of normal tissue about the primary tumor in an effort to completely remove the
tumor. The nodal disease in patients with squamous cancer is oftentimes treated
by intentionally sacrificing critically important structures as a means of increasing
the chances of total tumor removal. Critical to the discussion of whether or not
this non-specific approach is advisable or desirable is the determination of
whether neck nodes act as a passive filtration system or if they clearly have the
potential to aid in the destruction of neoplasm. There is strong evidence to suggest
that T-lymphocytes from neck nodes in patients with squamous cancer are capable
of mounting an effective response designed at destroying tumor. These obser-
vations support the notion that specific treatment programs that eradicate only
tumor-containing tissue might increase the patient’s chance of utilizing his im-
mune system to help with the tumor destruction. Currently, such specificity is not
available. However, observations regarding the immunocapabilities of regional
neck nodes confirm the advisability of pursuing highly specific treatment pro-
grams that preserve the non-involved nodal architecture which may then be
immunostimulated to eradicate any microscopic residual disease.

Summary

The neck nodes in patients with head and neck cancer are frequently involved with
metastatic disease. This involvement dramatically alters the patient’s prognosis.
There is evidence that T-lymphocytes derived from neck nodes in head and neck
cancer patients are capable of reacting immunologically to tumor. It is this
immune capability that supports the continued pursuit of new cancer treatment
programs that are more specific and result in the treatment of tumor-containing
tissue rather than eradication of both tumor and non-tumor-containing tissue with
conventional therapy.
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11. Nasopharyngeal carcinoma:
relationship to Epstein-Barr virus
and treatment with interferon

JOSEPH M. CONNORS and CHARLOTTE JACOBS

Introduction — Nasopharyngeal carcinoma

Nasopharyngeal carcinoma (NPC) is a unique epithelial neoplasm which accounts
for 85% of malignancies of the nasopharynx [1]. It has several special characteris-
tics, including its geographical and ethnic distribution and its relationship to
Epstein-Barr virus (EBV), the causative agent of infectious mononucleosis.
Although relatively rare in the overall population of North America with an
incidence of 4 per million, it is 25 times more common in Chinese Americans [1]
and also has an increased frequency in Alaskan natives [2]. Worldwide it is an
important tumor because of its wide distribution and high incidence in certain
areas such as Southern China [3], North Africa [4, 5] and Southeast Asia[S]. It
occurs about twice as often in males and reaches its peak incidence in the fourth
through sixth decades [1].

Nasopharyngeal carcinoma has been associated with environmental exposure
to smoke and cooking fumes and with inflammatory conditions of the ear, nose,
and throat [6], but a consistently identified set of high risk factors has not
emerged. It is more frequent in persons with HLA-A2 haplotype with fewer than
two B locus antigens, indicating, along with the geographical and ethnic distri-
butions, the likelihood of a genetic contribution to susceptibility. Additional
background characteristics and the biological and pathologic findings typical of
this disease have recently been reviewed [7].

Nasopharyngeal carcinoma typically spreads locally and metastasizes first to
the cervical lymph nodes. Local invasion of the base of the skull may be present
in 5 to 25% of patients on presentation [8, 9], and cervical lymph node metastases
are detectable in 60 to 85% [8-10]; both findings are associated with poor
prognosis. The best treatment results have been obtained with radiation therapy
to both the primary site (6000 to 7000 rads in 6 to 7 weeks) and the neck lymph
nodes (usually 4000 to 5000 rads depending upon extent of involvement). Single
institution series have produced long-term disease-free survivals of 40 to 60%
using these radiation techniques [8-10]. Despite this progress, however, 50 to 60%
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of patients with NPC either present with advanced disease or relapse either inside
maximally treated radiation fields or in distant sites, usually bone, liver or lung.
Although NPC is responsive to chemotherapy [11], results reported to date have
been disappointing and indicate that there is only a limited palliative role for
available systemic agents.

Nasopharyngeal carcinoma and Epstein-Barr virus

Epstein-Barr virus (EBV), a large DNA human virus, is the causative agent of
infectious mononucleosis and has been closely associated with two human
neoplasms: Burkitt’s lymphoma [12] and nasopharyngeal carcinoma (NPC). The
association between EBV and NPC has been extensively documented and is
summarized in Table 1. A definite picture linking EBV to NPC emerges from

Table 1. Evidence of association between Epstein-Barr virus (EBV) and nasopharyngeal carcinoma
(NPC)

Evidence (references)

Viral
NPC cells uniquely contain EBV nuclear antigen [13-15]
NPC cells contain EBV DNA[13, 15-18]
EBYV can be recovered from NPC cells[19]

Serologic
IgA anti-EBV-VCA is increased in NPC patients [4, 14, 15, 17, 20-27]
IgA anti-EBV-EAD is increased in NPC patients [15, 20, 24, 25, 27]
IgA anti-EBV-VCA distinguishes NPC from other neoplasms[4, 16, 22, 24, 26-30]
IgA anti-EBV-VCA is a useful screening tool for NPC[4, 16, 26, 28-32]
1 IgA anti-EBV-VCA precedes NPC presentation [32, 33]
1 IgA anti-EBV-VCA precedes relapse of NPCI20, 28, 32]
T IgA anti-EBV-VCA level correlates with T tumor burden [16, 20, 27]
t IgA anti-EBV-VCA level correlates with | prognosis [27, 28]
1 Anti-EBV-DNAase antibody levels correlate with | prognosis [34]
Effective NPC treatment decreases IgA anti-EBV-VCA levels [20, 26-28, 32]
NPC patients have salivary IgA anti-EBV-VCA [35]
NPC family members have IgA anti-EBV-VCA [36]
NPC health care workers have IgA anti-EBV-VCA [36]

Cell mediated immunity
1 ADCC against EBV containing cells correlates with 1 tumor burden and | prognosis [37-39]
NPC patients have selectively decreased EBV specific T-cell activity [21]

DNA = deoxyribonucleic acid; IgA =immunoglobulin A; VCA =viral capsid antigen; EAD =early
antigen diffuse type; ADCC=antibody dependent cellular cytotoxity.
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these data. The viral genome and associated nuclear antigen (EBNA) are found
in neoplastic cells from patients with NPC but not from patients with other
carcinomas or lymphomas. The transmitable virus can be recovered from these
cells. Immunoglobulin type A antibodies against the virus, which are relatively
specific for NPC, are found in elevated levels in NPC patients and can be used
as screening or diagnostic tools to identify NPC patients. The titres of these
antibodies rise preceding clinical presentation or relapse. In addition the level of
the titres correlates directly with presence of cervical metastases, increased tumor
burden, and prognosis. Health care workers and family members in contact with
NPC patients have heightened antibody responses. T-cell mediated immunity to
EBYV is selectivity deficient in NPC patients, and decreased antibody dependent
cellular cytoxicity for EBV-containing cells correlates with high tumor burden and
unfavorable prognosis. These latter data are consistent with active immune
regulation and may indicate a potential use for immune modulators in treatment.
Although not proof of causation, this unique association between EBV and NPC
implies an important role for virus-host interaction in the natural history of the
disease.

Interferon

The interferons (IFN) make up a family of related complex glycoproteins and
proteins with cell growth and expression-regulating properties. There are three
major species each of which is produced by a different type of cell: alpha IFN
by leukocytes, beta IFN by fibroblasts and gamma IFN by T-cell lymphocytes.
IFN has been shown to have anti-viral activity against the following viruses which
have been associated with malignancy: hepatitis B [40], papovavirus [41], Varicel-
la-zoster [42, 43], Herpes simplex [44] and EBV [45].

A detailed rationale for the use of IFN as an anti-neoplastic agent has been
outlined by Borden [46]. Kirkwood and Ernstoff have reviewed the actual use of
IFN for the treatment of human neoplasms [47]. They described the antineoplastic
activity of IFN for a range of diseases including breast carcinoma, ovarian
carcinoma, renal cell adenocarcinoma, melanoma, carcinoid, hairy cell leukemia,
non-Hodgkin’s lymphoma, myeloma and mycoses fungoides. Of particular rele-
vance to NPC may be the reports of responses to IFN in two groups of patients.
Patients with uterine cervical carcinoma, a papova- and herpes-virus associated
neoplasm, have been reported to respond to topical IFN [48]. Also, patients with
juvenile laryngeal papillomatosis, a papovavirus-associated tumor of the upper
airways, have responded to systematically administered IFN [49].

Three observations provide a rationale for testing the usefulness of IFN in the
treatment of NPC: (a) NPC is associated with EBV, and IFN is known to have
general anti-viral and specific anti-EBV activity [45]; (b) IFN has anti-neoplastic
properties possibly independent of its anti-viral activity; (¢) the natural history
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of NPC correlates with measurable changes in serologic and cell-mediated types
of immunity directed against EBV, and IFN is a known immunomodulator and
potentional immunopotentiator. Finally, the lack of currently available effective
systemic treatments for NPC indicates a need to explore new types of therapy.

Interferon treatment of nasopharyngeal carcinoma
Preliminary studies

In 1980 Treuner and his co-workers reported the results of IFN treatment in a
16-year old boy with locally advanced, chemotherapy refractory NPC [50]. Over
a S-month treatment course with beta IFN the child had complete resolution of
disease, accompanied, interestingly, by normalization of anti-EBV serologic
studies and the eventual development of an anti-IFN antibody which was com-
pletely neutralizing for beta IFN [51, 52]. In 1980, Howarth and Merigan treated
an adolescent who had regionally recurrent NPC with both alpha and beta IFN
without benefit [53]. In 1983, Matheson and co-workers reported a partial
response in a patient with locally recurrent NPC using a combination of intra-
lesional and intravenous beta IFN [54].

Table 2. Patient characteristics and treatment outcomes

Age KPS?* Disease site Days of Outcome
IFN
28 60  Bone, lung, liver 22 Progression
60 40  Brain 23 Progression
33 60  Nasopharynx, bone, liver 30 Progression
53 60  Nasopharynx, bone, liver 3 Progression
55 100  Nasopharynx 28 Progression
52 60 Lymph nodes, adrenals 13 Stable, declined
further treatment
40 90  Nasopharynx, sinuses 30 Stable
27 100 Lung 21 Stable, withdrawn
due to neutropenia
53 80  Bone, neck mass 30 < 50% reduction
75 60 Lung 30 < 50% reduction
63 50  Nasopharynx, palate, tonsil 30 90% reduction
21 80 Bone 30 >50% reduction

2 Karnofsky performance status.
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Clinical trials

Between 1980 and 1983 we tested the use of alpha IFN in a phase II trial for
patients with recurrent or metastatic NPC. The results in the first 12 patients have
been reported in detail [53] and are summarized here.

Human alpha IFN with a specific activity of 10 reference units per milligram
protein and a concentration of 4 x 10° reference units per millilitre was given at
at dose of 10 x 10° units IM daily for 30 days to patients with locally recurrent
or metastatic NPC who had relapsed after initial high-dose radiation therapy. The
toxicities encountered were typical of IFN and consisted of universal fatigue,
fever, anorexia and myalgias and asymptomatic modest rises in serum liver
enzyme activity (50%) or reversible moderate bone marrow suppression (throm-
bocytopenia — 16%, leukopenia — 25%). No toxicity unique to NPC patients
emerged, although one patient withdrew because of myalgia, and another had the
IFN discontinued because of persistent leukopenia.

Clinical characteristics, sites of disease, number of days of treatment and
outcome for the 12 NPC patients treated with IFN are shown in Table 2. Four
patients developed measurable tumor response: two had less than a 50% reduction
and two had objective partial (> 50%) response. Maintenance IFN preserved the
partial responses for 1 and 6 months, respectively. These results indicate a
definite, albeit moderate, response rate using acceptable doses of impure IFN over
a relatively short period and confirm the activity of IFN in NPC.

Treuner and his co-workers have now reported the results of treatment of a total
of six children, ages 9 to 16 years, with advanced NPC, using beta IFN [55]. In
addition to the previously reported complete remission [50] which has now lasted
2 1/2 years, they have seen stable disease in three. Martens reported the results
of treatment with beta IFN of seven adult patients with poor prognosis NPC.
Three were treated adjuvantly after radiation and had progression of tumor noted

Table 3. Results of phase II clinical trials testing IFN for NPC

Interferon No. of Response®
patients
CR PR MR/Stable Rate
(CR+PR) Reference

Alpha 12 0 2 3 17% 53
Beta 6 1 0 2 17% 55
Beta 4 0 1 1 25% 56
Beta 3 0 0 2 0 57

#Responses: CR =complete response, PR =partial response, MR =measurable but < 50%.
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at 7, 10 and 28 months. Four were treated for locoregional persistence or recur-
rence (three patients) or distant metastases (one patient). One had a 90% tumor
regression lasting 6 months, one had stable disease for 2 months and two had
progression. Finally, Furukawa treated three adult Japanese patients with beta
IFN[57]. In two the disease remained stable, and in one it progressed. The
summarized results from these four series [54, 55-57] are shown in Table 3. Only
patients with evaluable disease are included, and the three adjuvant patients [56]
are omitted. Combining the 25 reported patients, one arrives at an overall
response rate of 16%. No substantive difference between alpha and beta IFN has
been demonstrated. Likewise, there was no difference between pediatric and adult
patients. Since in all other respects the disease is similar in children and adults [58],
this lack of difference is not surprising. Dosing and schedule varied so widely
among the studies that they cannot be evaluated.

In three of the clinical trials summarized above, serial measurements of anti-
EBV serologic tests ware performed [53, 55, 57]. Only two patients had a change
in titre. In one patient, the anti-EBV-VCA titre rose with progressive disease [53],
and in the patient with a complete response the serologic titres all fell to
normal [55]. In the alpha IFN trial [53], six patients were checked for oropharyn-
geal excretion of EBV [59, 60] before, during and after IFN. No virus was
detected.

Conclusion

The rationale for testing IFN in patients with NPC is compelling. This neoplasm
is associated with a virus, has a course which correlates well with immunologic
changes, and has no effective systemic therapy available today for recurrent or
metastatic disease. A modest but definite responsiveness of the tumor to IFN has
been demonstrated in four separate clinical trials, consistent with a response rate
of approximately 15-20%. One prolonged complete remission has been reported.
Lack of a higher response rate may be related to several factors: short trial
duration, impure IFN preparations, suboptimal IFN doses, compromised patient
performance status at treatment initiation or heavy pre-treatment with
chemotherapy or radiation. Observation of a definite response rate under these
conditions should prompt further investigation of IFN in the treatment of NPC
patients. It seems quite possible that better opportunities for increased efficacy
may occur earlier in the course of the disease. Perhaps intervention at a time when
virus-host interaction may be still important would be more rewarding. Such
opportunities may be present in the setting of detection of high-risk patients found
in screening programs using anti-EBV-VCA levels or when radiation has rendered
the patient free of detectable disease. Certainly, a neoplasm with the worldwide
importance of NPC deserves thorough investigation of any potentially helpful
treatment, such as IFN, at several different stages in its clinical evolution.
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12. The use of retinoids in head and neck cancer

REUBEN LOTAN, STIMSON P. SCHANTZ and WAUN KI HONG

The natural history of head and neck cancer

Squamous cell carcinoma (SCC) of the head and neck, which occurs in this
country most commonly between the ages of 40 and 70 years, accounts for 5%
of all tumors and affects approximately 26,000 persons each year [1]. More than
90% of patients with head and neck cancer will have a history of tobacco
consumption [2-4]. The estimated age-standardized mortality rate for laryngeal
cancer is 0.96 deaths per 100,000 person years, less than one-twentieth of the
heavy smoker [3]. Evidence from multiple independent investigations indicates
that tobacco usage is linearly related to the development of head and neck
cancer [4-7]. Areas within the upper aerodigestive tract at risk for the develop-
ment of SCC relate to the manner in which tobacco is consumed [7]. Moore and
Catlin have postulated that the relationship of tobacco usage to the site of head
and neck cancer depends on prolonged contact of concentrated carcinogens
suspended in saliva and subsequent ‘pooling’ in mucous reservoirs [8]. Such a
hypothesis accounts for the observation that in this country 75% of cancers in
the oral cavity originate in a horseshoe-shaped area consisting of only 20% of
the surface area of the entire oral mucosa. This region extends from the anterior
floor of the mouth backward along both lingual-alveolar sulci to include the
lateral margin of the mobile tongue and the anterior tonsillar pillar-retromolar
trigone complex. It is the wide area of exposure to carcinogenic compounds that
accounts for the ‘field cancerization’ concept first related by Slaughter ez al. [9].
According to this concept, mucosal abnormalities exist over a broad area of oral,
pharyngeal, and laryngeal epithelia and are not merely confined to the site of
neoplastic transformation that is clinically or histopathologically apparent. This
hypothesis provides an explanation for the high development rate of multiple
primary cancers throughout the upper aerodigestive tract. Tobacco-induced alter-
ations have been documented by histopathologic analyses, cellular biochemical
analyses, and genetic transformation. A tobacco-related polycyclic hydrocarbon
carcinogen, benzo [a]pyrene, when dispersed in saline and administered to hams-
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ters by repeated tracheal installations yielded incidences of tumors, mostly SCC,
up to 100%. A sequence of changes from normal columnar, to mucous-producing
bronchial epithelium, to areas of squamous metaplasia, and to squamous tumors
developed [10]. These changes were identical to mucosal alterations in human
subjects with a history of smoking [11].

Besides the strong association of tobacco abuse among the population of head
and neck cancer patients, a positive history of excessive alcohol ingestion is
commonly reported in these persons. However, despite this association, there is
no clearly established evidence that implicates alcohol as the sole carcinogen in
either humans or animals [12, 13]. Indeed, studies have demonstrated that among
nonsmokers, no increase in head and neck cancer has been observed in those who
are alcoholics [12]. Because of its effect, however, alcohol can be viewed as a
cocarcinogen that may possibly augment the carcinogenic potential of more
fundamental etiologic factors [14, 15]. Among smokers, there exists a linear dose
response between levels of alcohol consumption and cancer risk [14]. Thus, the
effects of alcohol are an important consideration in the etiology of the disease.

The effects of alcohol as a cancer-promoting agent may be indirect, i.e.,
cancer-potentiating factors may result from processes occurring in parallel to
alcohol consumption. Perhpas the most widely studied relevant process may be
the role of nutritional defiency. Alcoholics are characteristically nutritionally
depleted [12]. The increased risk of head and neck cancer may not relate to direct
effects of alcohol, but may result from the associated impaired nutrient ab-
sorption [16]. Indeed, studies have shown that alcoholic patients who developed
head and neck cancer had lower serum albumin and vitamin levels than did other
alcoholics without cancer, which supports the role of malnutrition [16].

The incidence of head and neck cancer is substantially lower than the pro-
portion of smokers and alcohol users. Hence, additional factors must be involved
in the causation of these cancers. Recent reports presented evidence incriminating
viral agents in the cause of head and neck cancers. Epstein-Barr virus[17],
papilloma virus [18], and herpes virus [19] have been found in head and neck
neoplasms. Seroepidemiological evidence suggests that herpes simplex type I may
act as an initiator in the development of head and neck cancer [19]. The ability
of viruses to exist in a latent form within the host cells and the capability of certain
tumor promoters to activate such viruses may be important factors in head and
neck carcinogenesis.

There exists another major consideration in the pathogenesis and progression
of head and neck cancer, namely, the role of immune responses. Factors associat-
ed with the development of the disease, i.e., tobacco, alcohol, chronic viral
infections, age, and malnutrition can all be characterized as immunosuppres-
sive [20]. Our understanding of the significance of this deficient immune response
is rudimentary and in some instances, contradictory. Yet, a dominant theme
throughout the literature on the immunology of head and neck cancer exists. The
presence of impaired host response in these patients, whether it be measured by
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delayed-type hypersensitivity to skin test recall antigens, in vitro blastogenesis
response to mitogens, or reduced circulating T-cell populations, will portend a
worse prognosis [20].

It is unfortunate that the incidence of head and neck cancer seems to be
increasing. The effectiveness of surgery or radiotherapy or both to control
locoregional disease is well established, especially in early-stage disease [21].
Despite improved local control rates by surgery or radiotherapy or both, the
overall survival rate has not improved in the past two decades[22]. Local
recurrence and distant metastases are still major problems. A high rate of local
recurrence at the primary site was observed in patients presenting with advanced
stages such as T; or T,. Further, recent investigations indicate that up to 40%
of patients with T3 or T, tumor develop distant metastases [22]. Because of the
high recurrence rate, there have been numerous clinical trials of chemotherapy
in an adjuvant setting in the past 10 years, but no impact on survival has yet been
made [23].

Further, a patient with SCC of the head and neck region is at increased risk
for developing an additional second primary neoplasm [24-30]. Many patients
treated at an early stage and presumably cured will develop a second meta-
chronous primary neoplasm in the aerodigestive tract. The site of the second
primary neoplasm varies from 10% in the larynx to 40% in the oropharynx [26].
This patient is more likely to die of the second cancer than of the initial primary
tumor; therefore, no improvement in survival has been made in the last two
decades. The pathogenesis of second primary tumors and recurrence at primary
sites after a long disease-free interval is not well understood. It has been suggested
that field cancerization is related to diffuse mucosal membrane diathesis as
condemned mucosa after exposure to carcinogens or as possible submucosal
metastases from the original tumor [28]. Recent investigations indicate that pre-
malignant lesions are seen in normal-appearing epithelium adjacent to SCC [31].
This premalignant lesion will progress in severity and result in frank malignancy
ultimately, either as a local recurrence or as a metachronous second primary
tumor [28, 31]. Hence, there is a need for suppressing this progression to malig-
nancy.

Retinoids, a group of metabolites and synthetic analogs of vitamin A (retinol),
are excellent candidates for this purpose since these compounds are capable of
modulating the growth and differentiation of preneoplastic cells and malignant
carcinoma cells [32, 33], as well as enhancing host antitumor immune re-
sponses [34-36]. This chapter will review the background and present a rationale
for using retinoids as adjuvant and chemopreventive agents in the treatment of
head and neck squamous cell carcinoma (HNSCC) in humans.
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Vitamin A: retinoids and the differentiation and growth of normal epithelial cells

Vitamin A deficiency in rodents leads to squamous metaplasia [37]. It is thought
that in the absence of vitamin A, basal cells proliferate and express an abnormal
pattern of differentiation into squamous keratinizing cells instead of into colum-
nar, mucous, and ciliated cells [38-42]. Vitamin A and certain retinoids are
capable of reversing these effects of vitamin A deficiency both in vivo[43] and
in organ culture [42, 44, 45]. Indeed, cytokinetic and ultrastructural changes that
accompany this reversal indicate that retinoids, such as B-all trans retinoic acid,
inhibit basal cell proliferation, stimulate mucous cell proliferation, and redirect
differentiation into mucous and ciliated cells instead of into squamous cells,
thereby restoring normal epithelial morphology [46]. Excess of vitamin A or of
retinoids also abrogates epithelial cell differentiation in vivo and in organ culture
by inhibiting keratinization and inducing mucous metaplasia in epidermal cells.
This effect is reversed after removal of the retinoid [47-49].

Advances in techniques for the in vitro growth of epithelial cells, such as
keratinocytes, have made it possible to investigate the effects of retinoids under
more controlled conditions. Extensive studies with normal murine and human
keratinocytes have further demonstrated the remarkable ability of retinoids to
modulate squamous differentiation. Thus, treatment of keratinocytes with re-
tinoids increases desquamation of superficial cells [50, 51] and results in a mor-
phological conversion to a secretory epithelium [52, 53]. The underlying biochem-
ical changes induced by retinoids include a reduction in the formation of cornified
envelopes [54-56] and a decrease in the transcription of the genes coding for
keratins of M, 67 Kd and 56.5 Kd and a concurrent stimulated transcription of
the genes for keratins of M, 52 Kd and 40 Kd [57, 58]. Specific changes have also
been observed in cell surface components such as an increased expression of
pemphigoid antigen [59], stimulated incorporation of monosaccharides into gly-
coproteins [60, 61], and a reduced cell surface binding of certain lectins [62]. In
addition to influencing spontaneous keratinization, retinoids also inhibit the
terminal differentiation of keratinocytes exposed to Ca*>™* or phorbol ester tumor
promoters [63, 64].

The proliferation of keratinocytes from different tissues is modulated differen-
tially by retinoids. Thus, retinoids have been found to either inhibit [53] or
stimulate [65-67] the growth of some cells, or they have not affected the growth
of other cells [50, 68].

Most of the above-mentioned studies employed epidermal cells; however, it is
quite plausible to assume that similar effects might be exerted by retinoids on
other epithelial cells such as those of the upper aerodigestive tract.
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Vitamin A and retinoids as inhibitors of epithelial cancer development and growth

The incidence of spontaneous [69] or carcinogen-induced [70] carcinomas in vi-
tamin A-deficient animals was higher than in control ones. These observations
suggested a relationship between retinoids and cancer development. It is interest-
ing that the metaplasia that appears in epithelia during vitamin A deficiency is
similar to the preneoplastic lesions caused by chemical carcinogens. Since vitamin
A and retinoids can reverse the abnormal differentiation in vitamin A-deficient
animals or in organ cultures, attempts were made to reverse the effects of
carcinogens by retinoids. Such studies have demonstrated that retinoids can block
and reverse hyperplastic changes induced by chemical carcinogens in prostate
organ cultures [71]. Subsequent investigations have shown that various retinoids
are able to suppress the development of carcinomas in different epithelial tissues
of rodents exposed to certain chemical carcinogens[72]. It is noteworthy that
Saffioti et al. demonstrated that vitamin A derivatives were able to prevent
hydrocarbon-induced trachebronchial squamous metaplasia in the hamster,
which provided initial evidence for the support of retinoids in the control of
tobacco-induced cancers [73].

Pertinent to the therapeutic application of retinoids against tobacco-induced
neoplasias is the issue of genetic alterations. Tobacco derived hydrocarbons will
affect chromosomal stability [74]. The induction of chromosomal abnormalities
may begin with the binding of carcinogen metabolites to cellular DNA [75]. Genta
et al. have demonstrated that retinoid deficiency enhances this binding [75].
In their experiments, four times as much benzo [a]pyrene metabolites bound
to tracheal DNA from animals fed a diet deficient of vitamin A as compared with
normal animals. Thus, vitamin A derivatives may affect the binding of
tobacco-derived hydrocarbons to epithelial DNA of the upper aerodigestive
mucosa.

When retinoids were administered to rats exposed to carcinogens only after the
removal of a palpable mammary tumor, a time when several preneoplastic lesions
are present, there was a significant decrease in the incidence of new tumors [76].
These studies also indicated that the retinoid effects were reversible. Although the
exact mechanism of action of retinoids is not known, it is thought that they inhibit
the promotion stage of carcinogenesis and suppress the progression of preneoplas-
tic lesions to carcinomas. These effects might result from retinoid-induced inhi-
bition of the proliferation of preneoplastic cells or, alternatively, from redirecting
the abberant differentiation of preneoplastic cells to a normal pathway.

Retinoids can reduce the growth rate and lower the saturation density of various
cultured human and rodent adenocarcinomas and SCC [33, 77-83]. The synthesis
and secretion of high M, glycoproteins (mucins) was stimulated by treatment of
bronchial adenocarcinomas and SCC [81]. In contrast, the synthesis of a M, 67
Kd keratin by carcinoma cells was suppressed [84].

The results of these extensive studies strongly suggest that retinoids should be
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useful and effective agents for suppression and prevention of carcinogenesis,
tumor progression, and for inhibition of tumor growth.

Effect of retinoids on premalignant lesions and cancer in humans

The results of a number of investigations support the use of retinoids in humans.
Retinoids can inhibit the growth of a number of dysplastic skin lesions, basal cell
carcinoma and SCC of the skin, and mycosis fungoides [85-90]. A recent study
reported that retinoids show antitumor activity against recurrent HNSCC [91].

Retinoids have been used in various types of premalignant lesions [92, 93]. A
phase I trial of retinoids in patients with myelodysplastic syndrome reported
improvement of hematologic parameters [94]. Local application of retinoids in
patients with cervical dysplasia resulted in reversal of dysplasia in several cases
with limited side effects [95]. Recent investigations show the ability of retinoids
to reverse metaplastic lesions in the lungs of heavy smokers [96].

Reversal of premalignant oral leukoplakia by retinoids: a double-blind
randomized trial

A number of nonrandomized clinical trials with oral leukoplakia patients have
demonstrated that these premalignant lesions can be reversed by treatment with
13-cis retinoic acid [92, 93]. These reports have recently been confirmed in a
controlled, double-blind randomized trial [97]. A total of 44 patients were accrued

Table 1. Clinical response to 13-cis retinoic acid in oral leukoplakia

Treatment

Patients 13-cRA* Placebo P value
Number

Total 24 20
Response

Progression 0 4

Stable lesions 6 12

Partial response 14 2

Complete response 2 0

Partial + complete 16 (67%) 2 (10%) 0.002

2 13-cRA = 13-cis retinoic acid.
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Figure 1. Histologic response of oral leukoplakia patients.

Figure 2. Histological appearance of leukoplakia in oral cavity before (A) and after (B) treatment
with 13-cis retinoic acid. A patient with oral leukoplakia was treated with 13-cis retinoic acid (2
mg/kg/day) by mouth for 3 months. Note that the severe degree of dysplasia before treatment was
reversed to normal-appearing epithelium at the site of the lesion after treatment.
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and all were evaluated for response to treatment. 13-Cis-retinoic acid (1 to 2
mg/kg) was given orally each day for 3 months, with 6 months follow-up, for
a total duration of 9 months. A major objective response occurred in 67% (16/24)
of patients in the 13-cis retinoic acid group vs 10% (2/20) in the placebo group
(p = 0.002). Reversal of dysplasia was observed in 54% (13/24) of the 13-cis
retinoic acid group vs. 10% (2/20) in the placebo group (p = 0.01) (Table 1;
Figures 1 and 2). Adverse side effects of the retinoid were observed in the skin,
eyes, and lips. Hypertriglyceridemia was also detected. All of these were reversed
after dose reduction or after treatment was discontinued.

Effects of retinoic acid on the growth and differentiation of established squamous
cell carcinoma cell lines in vitro

Although the effects of retinoids on the growth and differentiation of various
cultured rodent and human neoplastic cell lines are well documented [33, 34] there
are only few reports on the effects of such compounds on human SCC lines.
Growth of human skin SCC cultures in the presence of certain retinoids reduced
the expression of differentiation markers such as the capability to form cross-link-
ed envelopes (insoluble layer of cross-linked proteins formed under the cell

Table 2. Effect of retinoic acid on the growth of three established human squamous cell carcinomas
of the head and neck®

Percent of control cell number

RA concentration UM-SCC 35° UM-SCC 19° UM-SCC 10A¢
(wM)

0 100 100 100

0.001 86 91 87

0.01 45 67 48

0.1 10 72 50

1.0 3 68 58

2 Cells were seeded at 2 x 10* (SCC 19 and 10A) or 1.5 x 10° (35) cells in culture dishes in DMEM
medium containing 10% fetal bovine serum, 2uM glutamine, 1x amino acids and antibiotics. After
24h the medium was replaced with medium containing, in addition to the above constituents, 0.1%
dimethylsulfoxide (for controls) or the indicated concentrations of retinoic acid (RA) dissolved in
DMSO. The cultures were then incubated at 37°C and refed with fresh medium without or with retinoic
acid every 72h. After 12 days, the cells were detached by a brief exposure to trypsin-2 mM EDTA
and counted using an electronic particle counter. The final number of cells in the control cultures
was: UM-SCC 35, 2.2. x 10%; UM-SCC 19, 0.9 x 10°; and UM-SCC 10A, 7.1 x 10°.

b Cell line derived from a SCC of the oral-pharynx of a 51-year-old black man.

¢ Cell line derived from a SCC of the tongue of a 67-year-old white man.

4 Cell line derived from a SCC of the larynx of a 57-year-old white man.
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Figure 3. Photomicrographs of UM-SCC 10A head and neck squamous cell carcinoma cell line derived
from a tumor in the larynx of a 57-year-old white man. (A) Cells grown for 10 days in control medium;
(B) cells grown for 10 days in medium supplemented with 10-uM retinoic acid.

membrane); the level of the protein involucrin, which is one of the cross-linked
proteins; and the level of the enzyme epidermal transglutaminase, which is
responsible for the cross-linking reactions [98, 99]. The proliferation of the cells
was not altered in the presence of 0.3 pM retinyl acetate; however, colony-forming
efficiency of cells pretreated with retinyl acetate was lowered by approximately
50%:. Similar studies with cells derived from a human squamous carcinoma of
the buccal mucosa have shown that treatment with 0.05 pM-all-trans retinoic acid
increased cell desquamation and inhibited keratinization by suppressing involu-
crin expression and decreasing envelope competence [83]. The saturation density
of treated cultures was about 50% of that of control cultures; yet, the number
of colony-forming cells in cultures pretreated with retinoic acid was almost 10
times higher than in untreated cultures — possibly because the number of terminal-
ly differentiated cells was higher in the control cultures. Very recent studies with
several other human SCCs, derived from the oropharynx and the esophagus,
indicated that retinoic acid inhibits differentiation of various epidermoid carcino-
ma cells [100].

We have investigated the effects of all-trans retinoic acid on the growth of five
cell lines established from human HNSCCs by Dr. Peter Sacks from The Universi-
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ty of Texas M.D. Anderson Hospital and Tumor Institute at Houston, and by
Dr. Thomas Carey from the University of Michigan, Ann Arbor. The growth rate
of four of these cell lines was decreased when the cells were grown in the presence
of retinoic acid in a dose-dependent fashion. Fifty percent inhibition of cell
growth was observed after a 10-day exposure of the cells to 1 pM retinoic acid
(Table2). The appearance of control and treated cells is shown in Figure 3.
Preliminary results indicate that the ability of some of the cell lines to form
colonies in semi-solid medium (0.5% agarose) is suppressed by retinoic acid [101].

Conclusions

The therapeutic application of retinoids to the head and neck cancer patient may
have multiple effects. Retinoids will induce cellular differentiation, which may
prevent the progression of preneoplastic cells to malignant cells, inhibit the
growth of neoplastic cells, and decrease their tendency to metastasize. Retinoids
may also exert inhibitory effects on the induction of Epstein-Barr virus by tumor
promoters [102], and on the replication of herpes simplex virus type I1[103] or of
papilloma virus [104], which have been implicated in the causation of some head
and neck cancers [20-22].

A potentially unrelated phenomenon to cellular differentiation induced by
retinoids may be their effect upon host immunological responsiveness. Retinoids
will enhance multiple arms of host defense including lymphokine production,
lymphocyte blastogenesis, cell-mediated antitumor cytotoxic response, as well as
immunoglobulin production [35, 36].

A consideration of the multiple effects of retinoic acid indicates that retinoids
might be useful for the treatment of HNSCC, as well as for the prevention of
the progression of premalignant lesions. Since the effect of retinoids on HNSCC
is cytostatic, the effectiveness will probably be increased if the retinoids are used
in combination with other therapeutic agents.
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13. Avoiding biostatistical pitfalls in the design
and analysis of head and neck cancer
clinical trials

ROBERT MAKUCH and MARY JOHNSON

Introduction

The ultimate objective of any clinical trial is to obtain the correct answer to an
important medical question. The science of biostatistics plays an important role
in helping to meet this fundamental objective. By properly applying sound
statistical principles to clinical research in oncology, one can insure that results
of completed studies are valid and convincing to others in the scientific communi-
ty. To this end, the biomedical literature contains several excellent and thorough
discussions regarding the design, execution, and analysis of cancer clinical trials
and methods of data acquisition [1-3]. These references draw attention to certain
basic components of a successful clinical trial, including: (1) a clear, unambiguous
protocol which addresses a significant medical question, (2) well-defined con-
ditions for entry of patients on-study, (3) sample sizes sufficiently large and
duration of follow-up adequate to detect treatment effects if they are present,
(4) a clear description of treatment regimens and experimental design, (5) explicit
definition of endpoints used for efficacy and safety evaluation, (6) patient record
forms and data management procedures which enhance data quality, (7) appro-
priate methodology for data monitoring and statistical analysis to account for
incomplete data, and (8) appropriate consideration of ethical issues. While there
may be a variety of equally plausible ways to satisfy each of these criteria, their
precise specification will depend on the goals of the particular trial, its administra-
tive structure, and the nature of the treatment and disease under study.

This chapter will focus on biostatistical issues that arise in planning and
interpreting phase III comparative clinical trials for new treatments of head and
neck cancer. Due to the numbers of patients, cost, and length of time typically
required to complete these studies, the best and most pertinent statistical method-
ology must be employed. It is our intent to highlight specific approaches to study
design, sample size, patient allocation, statistical analysis, and determination of
treatment-of-choice. Rather than provide an exhaustive overview of methodology
in each area, we will present a number of currently popular methods and

C. Jacobs (ed) Cancers of the head and neck.
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emphasize biostatistical pitfalls which can be avoided through their proper use
in the design and analysis of clinical trials in head and neck cancer.

Study design

A crucial stage in evaluating new therapies for head and neck cancer involves the
planning of phase III comparative clinical trials. Proper planning will minimize
bias in the study design and thus lead to more persuasive study conclusions.
Fundamental to attaining this goal is the use of a ‘control’ group to serve as a
standard to which results of a new, experimental treatment will be compared.
While ‘historical’ controls (i.e., patients who received the standard therapy under
previous protocols) may be the quickest and simplest control group to assemble,
control patients arising from a concurrently randomized clinical trial are generally
favored as a comparison group because the randomization helps guard against
both selection bias in the assignment of treatments and accidental bias. In spite
of the controversy surrounding the use of historical controls, advocates of the
design cite the following advantages [4]: (1) without a concurrent control group,
all patients receive the new treatment, thereby shortening the overall completion
time and accrual objectives relative to those required for a randomized study,
(2) the control and experimental groups can be guaranteed to be comparable in
regard to those characteristics used as a basis for selecting the control patients,
and (3) such studies are more ethical since all new patients are given the experi-
mental (and often thought to be the better) treatment.

Nevertheless, serious disadvantages of historical controls which may ultimately
compromise the results of such studies include [5]: (1) the inability to account for
imbalances in important but currently unrecognized prognostic factors, (2) the
need to adjust for differences in the prognostic profile between the control and
experimental treatment groups using complex statistical techniques which entail
strict and possibly untenable statistical assumptions about the data, (3) the
presence of many errors and missing values in factors required for adjustment
in historical data, and (4) the lack of protection from potential biases introduced
into treatment comparisons by changes over time in diagnostic methods, staging
criteria, supportive care, referral patterns, and effects of unmeasured or unknown
prognostic factors. Clearly, the inability to control for biases due to unmeasured
or unknown prognostic factors is a major drawback of historical controls. This
point was illustrated by Farewell and D’ Angio [6] using data from two consecutive
randomized studies conducted by the same research group, each employing the
same control treatment arm. They found that conclusions of the second study
differed materially if the control group from the first study had been used for
comparison rather than the concurrent randomized controls. A review of the
cancer clinical trial literature by Pocock [7] further illustrates the lack of reprodu-
cible results with the same treatment in consecutive trials. Thus, one must question
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the notion of Gehan and Freireich [4] that historical controls are acceptable, even
if they arise from the most recent in a sequence of previous studies in which similar
kinds of patients were admitted and similar evaluation criteria were used.

While we prefer the concurrently randomized control group, there are some
fairly specialized situations where historical control groups serve a useful purpose.
For instance, historical controls can be valuable in the study of diseases so rare
that sufficient patient accrual over a reasonable period of time is impossible in
a prospective, randomized clinical trial. Another valid reason for using historical
controls as a comparison group is if one can identify a subset of patients for which
death (or any other well-defined outcome event) is inevitable within a relatively
short and predictable period of time. Then any new treatment that prolongs
survival beyond that point can be recognized quickly as a therapeutic advance.
This holds since any dramatic change in the endpoint can reasonably be attributed
to the new therapy by virtue of the fact that the outcome is inevitable and not
subject to much variability, selection bias or other unknown patient features.
However, this situation is generally inapplicable for patients with head and neck
cancer, given that the disease course is highly variable and influenced by many
treatment-related and non-treatment-related factors.

Since the advantages of randomization are well-recognized [8], the concurrently
randomized, parallel-group controlled trial is generally the preferred choice for
the experimental design of a phase III study. But, to circumvent certain practical
as well as ethical problems with the traditional approach, many variations on this
design have been proposed, each with its own set of desirable properties and
potential drawbacks. For example, the randomized consent design of Zelen [9]
was created to enhance the physician’s role as a competent decision-maker and
the patient’s right to make an informed choice. Yet, there is a price to be paid
in terms of possible bias in treatment assignments and the dilution of real
treatment differences. The institutional choice design [10] was developed so that
institutions participating in a multi-center study would be allowed to randomize
patients to a subset of the treatments under study, but this approach suffers from
some of the same limitations as historical controls when treatments not common
to all centers are compared [11]. The design chosen for emphasis here is the
factorial design, since it is often overlooked by many investigators, and it has
many positive features which make it a viable candidate for more frequent use
in clinical trials for head and neck cancer.

The simplest and most commonly used form of factorial design is the 2 x 2
factorial, in which there are two controllable treatment options, each having two
levels. This experimental design is especially attractive in that it allows the
simultaneous evaluation of several treatment strategies in the same clinical trial.
To illustrate this feature, assume that interest centers on the relative merits of two
distinct treatment options for patients with head and neck cancer. The first
question may involve whether or not immunotherapy (e.g., thymosin fraction V)
should be given in addition to standard therapy of surgery and radiation therapy,
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while the second may involve whether or not induction chemotherapy should be
given in addition to the standard therapy. This particular realization of a 2 x 2
factorial design is given in Table 1. Patients are assigned to one of the four
treatment groups based on every combination of the two treatment options. Each
treatment group appears in the Table, and the groups are: (1) standard therapy
alone, (2) standard therapy plus immunotherapy, (3) standard therapy plus in-
duction chemotherapy, and (4) standard therapy plus induction chemotherapy
and immunotherapy.

For evaluating treatment efficacy, assume that ¥; is the mean value for some
normally distributed response among patients in group i (i=1,2,3,4 as above).
From the Table, one estimates the comparative effect of immunotherapy as
X, —X;, while another independent estimate is obtained by calculating X, —X;.
Assuming that the same number of patients is in each group, and averaging these
two independent estimates of treatment efficacy, one calculates the overall
average effect of immunotherapy to be

(X=X +(X4—X3)
5 .
Thus patients in groups 1 and 3 combined are compared to patients in groups 2

and 4 combined. Similarly the overall average effect of chemotherapy is obtained
by calculating

X=X+ Xy —%3)
5 .

Thus two independent treatment questions are answered for the price of one. Of
course, this would hold true only if the various treatments under study can be
delivered to the patients without any reduction in dose. Otherwise, one should
plan on carrying out two single-treatment studies.

Another positive feature of the factorial design is that the effects of two
important treatment interventions can be examined separately as well as in

Table 1. A 2 x 2 factorial design: treatment groups con-
sist of all combinations of the two factors

Induction chemotherapy

Immunotherapy no yes
no %2 X3
yes X, X4

2%, defines the average value for some normally distri-
buted response to treatment.



197

combination. For example, with this design one can evaluate the effect of
immunotherapy in the presence or absence of induction chemotherapy, or equiva-
lently, the effect of induction chemotherapy can be examined in the presence or
absence of immunotherapy. If immunotherapy provides a similar benefit to
patients, regardless of whether or not they receive chemotherapy, then the two
treatments are said to be independent. If the effect depends on whether or not
chemotherapy is given, then a treatment interaction exists. In this situation, Peto
claims that ‘2 x 2 designs will point unbiasedly to the complicated truth while
misleading conclusions could well emerge from other designs’[12]. That is,
without use of a factorial design or some variation of it, one would not discover
that the effects of a particular treatment modality vary according to its use in
conjunction with a particular level of another treatment modality.

The concept of interaction will be discussed more fully later in the chapter. For
now, the important point to emphasize is that the overall treatment comparisons
given above are useful summaries of overall treatment efficacy if no marked
interactions are present. If interactions are present, then the overall treatment
comparisons usually are of secondary importance since they may not be represen-
tative of any patient studied. To demonstrate this point, assume immunotherapy
has no effect in patients not receiving chemotherapy (i.e., X, —X; =0), and the
effect in those receiving induction chemotherapy is to raise by two units the
average value of the endpoint under consideration (i.e., X, —X3=2). Then the
overall average treatment effect for immunotherapy is calculated to be

(X=X +(Xy—=X3)
> =

I,

indicating that immunotherapy raises the endpoint value by one unit on average.
However, this overall average treatment effect is representative of neither patient
subgroup!

In practice, the major statistical problem with the 2 x 2 factorial design is the
difficulty of determining whether or not an interaction actually exists. The
interaction of two treatments is estimated by the quantity (X, —X;)— (X4 —X3),
implying that the variance is four times as great as for the overall main treatment
effects. As a result, the ability, or power, to detect a significant interaction, if
it exists, is markedly less than the power to detect main effects. Byar and
Piantadosi provide an example where a treatment interaction is present, and the
power for testing the main effects is 92%, while it is only 18% for testing the
interaction [13]. To overcome this problem, one might consider expanding the
sample sizes in each group to increase the power for detecting interaction. We
recommend this particular maneuver, especially if a priori evidence suggests that
such an interaction is likely to arise. Although the total sample size required may
be larger than that required for two single-factor studies, one can obtain a broader
knowledge of treatment interrelationships using this design by examining whether
two combined therapies are simply additive or synergistic in their effects on
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patient outcome. If no interaction is anticipated, then the total sample size
required in a 2 x 2 factorial study will be less than that required for two single-fac-
tor studies.

Sample size requirements

During the planning stages of a controlled trial, it is imperative that a statistical
rationale be utilized in the determination of the proposed sample size. Even
though practical or financial restrictions may limit the number of patients that
can be enrolled and treated, every effort should be made to achieve the sample
size required on statistical grounds to meet the intended objectives of the trial.
Such steps might include modifying patient eligibility criteria, lengthening the
accrual period, or enlisting more investigators to recruit patients. The lack of
adequate statistical input into the determination of sample size requirements can
be a major pitfall in trial design since it frequently leads to entirely inconclusive
results in studies that would otherwise be sound and defensible. Freiman et al.
highlight this problem in a review of 71 ‘negative’ trials in major journals,
pointing out that 66 of these trials carried a substantial (>20%) risk of missing
a 25% true therapeutic improvement [14].

The usual approach for sample size estimation in comparing two treatments
requires specifying a true treatment difference, D, which is considered important
to detect, as well as the type-I and type-II error rates associated with the statistical
tests to be used. The type-I error represents the event of falsely rejecting the null
hypothesis that the treatments are equivalent. The probability of making this error
is denoted by a. The other type of decision-making error occurs when the null
hypothesis is not rejected even though the alternative hypothesis that a difference
exists between the treatments is, in fact, true. This is called the type-1I error, and
the probability of making this error is specified as f. The power of the test, i.e.,
the probability of detecting a true treatment difference, is (1 — B). Underlying this
hypothesis-testing framework is the notion that a statistical test is performed at
the end of the trial on a major endpoint of interest, and one wishes to test the
null hypothesis of no difference in treatment efficacy. This is done by calculating
the p-value corresponding to the value of the test statistic for the observed data.
The conventionally accepted p-value to reject the null hypothesis is 0.05. This
implies that, assuming that there is no true difference in treatment efficacy, the
probability of obtaining a difference in the data as extreme as that observed is
0.05. Thus the p-value does not describe the probability that the null hypothesis
is true, but rather the probability of obtaining a difference as large as that
observed when the null hypothesis is true.

In principle, one can determine the sample size from the quantities a, f and
D along with knowledge of the probability distribution of the test statistic used
to test the null hypothesis. An excellent general review of these areas is provided



199

by Lachin [15] and the references therein. Commonly used endpoints for sample
size planning in clinical trials for head and neck cancer are either dichotomous
(e.g., success versus failure, where ‘success’ may be defined as tumor response
or survival to a fixed time T) or the time to some critical event (e.g., tumor
recurrence or death). In the absence of any complicating factors such as patients
being lost to follow-up or dropping out of the study, tables for the required
number of patients are readily available, Some of the most widely used tables are
presented below.

For comparing two treatment groups with a dichotomous endpoint, assume
that pr is the proportion of ‘success’ patients in the experimental treatment group
and pc is the corresponding proportion in the control treatment group. One
wishes to have a total of N patients in each group so that, with high probability,
we can detect a true difference of absolute magnitude D= |pr—pc|. This
probability is the power of the test, 1 —f, and is usually specified for planning
purposes between 0.80 and 0.95. One must also specify the significance level o
of the test; it is usually chosen to be 0.05 or 0.01. Table 2 indicates the number
of patients required per group in order to achieve a specified power and signifi-
cance level as a function of the true success rates. These values were obtained using
the approximation formula of Casagrande, Pike, and Smith [16], and the table
is used in the following way.

Suppose we wish to detect an increase in the complete response rate from 40%
to 70% between a standard and new induction chemotherapy regimen for patients
with stage III or stage IV head and neck squamous carcinoma. Although one
expects the new regimen to provide a higher response rate, unexpected morbidity
or mortality could arise in this group, and the response rate could be lower than
that for the standard group. A two-sided significance level is therefore selected.
Two-sided significance levels should be used for planning purposes unless a strong
justification exists for expecting a difference in only one direction between the
two treatments. With these specifications, Table 2 shows that 62 patients are
needed in each group to detect a difference, D=0.30 (=0.70 — 0.40) with power
of 0.90 for a=0.05. Forty-eight patients are required per group if one is willing
to have probability 0.80 (rather than 0.90) of detecting a difference in the response
rates, keeping all other parameters unchanged. When the success rate exceeds
0.50, the table is used by considering the failure rate and entering the table with
1 — (success rate).

Note that the number of patients decreases as the magnitude of the true
treatment difference increases between the two treatment groups. Thus, one must
avoid specifying a larger treatment difference for planning purposes than may be
realistic in order to justify that study accrual can be completed within a reasonable
period of time (e.g., 3 years). Such optimistic projections during the planning
stages of a clinical trial can be very damaging, since the power of the study will
be low for detecting differences of a more reasonable magnitude. With such
experimental design characteristics, it is quite likely that a truly superior new
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experimental treatment will not be found to differ significantly from the standard
therapy. As a consequence it may be wrongfully excluded from any further clinical
evaluation.

In contrast to the above setting for demonstrating the superiority of an
experimental treatment over a control treatment, a fairly recent phenomenon in
cancer clinical trial research is the search for new therapeutic strategies that are
less toxic but otherwise equivalent to a standard therapy. A different perspective
for sample size calculation is required in this evaluation of ‘conservative’ or less
intensive treatments. For instance, in the treatment of stage II head and neck
cancer patients with oral cavity sites of primary disease, the hypothesis that
radiotherapy produces as good a survival result as surgery may be of interest. For
this setting, Makuch and Simon [17] propose that enough patients be entered so
that the confidence interval on the difference in success rates is nearly certain to

Table 2. Number of patients in each of two treatment groups (two-sided test)

Smaller Larger minus smaller success rate

success

rate 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50

0.05 620 206 113 74 54 42 33 27 23 19
473° 159 88 58 43 33 27 22 18 16

0.10 956 285 146 92 64 48 38 30 25 21
724 218 112 71 50 38 30 24 20 17

0.15 1250 354 174 106 73 53 41 33 26 22
944 269 133 82 57 42 32 26 21 18

0.20 1502 411 197 118 79 57 44 34 27 22
1132 313 151 91 62 45 34 27 22 18

0.25 1712 459 216 127 84 60 45 35 28 23
1289 348 165 98 65 47 36 28 22 18

0.30 1880 495 230 134 88 62 46 36 28 22

1414 375 175 103 68 48 36 28 22 18

0.35 2006 522 239 138 89 63 46 35 27 22
1509 395 182 106 69 49 36 28 22 18

0.40 2089 537 244 139 89 62 45 34 26 21
1571 407 186 107 69 48 36 27 21 17

0.45 2132 543 244 138 88 60 44 33 25 19
1603 411 186 106 68 47 34 26 20 16

0.50 2132 537 239 134 84 57 41 30 23 17
1603 407 182 103 65 45 32 24 18 14

2 Upper figure: significance level 0.05, power 0.90.
b Lower figure: significance level 0.05, power 0.80.
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be less than some specified length. This approach is appropriate if ‘equivalence’
of the two treatments is taken to mean simply that the success rate on the new
treatment is very close (not necessarily identical) to that of the standard treatment.
The anticipated overall proportion of successes P (e.g., proportion alive at three
years) is specified, along with a value d such that if the two treatments are truly
equally effective the upper 100 - (1 — o) percentage confidence level for the true
difference in proportion of successes on the two treatments does not exceed d with
probability (1 — B). Then the required number of patients, N, per treatment group

Table 3. Number of patients in each of two treatment
groups required to demonstrate treatment equivalence
for various values of P?, d®, o, and B

Proportion of d=0.10 d=0.05
successes (P)

754 298

0.95 100° 400
142 565

0.90 190 757
200 800

0.85 269 1073
251 1004

0.80 337 1346
294 1176

0.75 395 1577
330 1318

0.70 442 1766
357 1427

0.65 479 1913
377 1506

0.60 505 2019
389 1553

0.55 521 2082

# P =the overall proportion of successes that one antici-
pates will occur.

® d=a prespecified value such that if 2 treatments are
truly equally effective, the upper 100 (1 — o) percen-
tage confidence limit for the true difference in pro-
portion of successes on the 2 treatments does not
exceed d with probability (1—B).

¢ a=0.05.

4(1-B)=0.80

¢ (1-PB)=0.90.



202

is2-P-(1.0—P)- (zo/ +2p)*/d?, where z, is the upper a tail point of the standard
normal distribution (e.g., for @=0.05 and §=0.20, z,,,=1.96 and z=0.84).
Sample sizes based on this confidence interval approach are presented in Table 3
for various choices of P, d, a and B.

To demonstrate the required calculations, assume that the proportion of
stage II patients who receive either radiotherapy or surgery alone and are alive
at 3 years is P=0.75. We wish the sample to be large enough so that with a
high degree of confidence (1 —p =0.80), one can conclude that the treatments
differ in regard to 3-year survival by no more than d=0.10. For a=0.05, we
calculate the number of patients required in each group to be
2-(.75) - (.25) - (1.96 + .84)%/.1> =294, All of the per group sample sizes in Table 3
are calculated similarly. As many trial planners fail to appreciate, this example
demonstrates that large sample sizes are often needed in ‘conservative’ clinical
trials to demonstrate the similarly of two treatments with a high level of confi-
dence. An important corollary is that a lack of statistical significance should not
be taken as evidence of equivalence unless sufficient numbers of patients have
been studied. Without large enough sample sizes, the width of the confidence
interval around the observed difference between treatments will tend to be broad.
In order to conclude that treatments have equivalent effects, the confidence
interval, which indicates the range of true treatment differences consistent with
the observed data, should not only include zero but should also be of narrow
width. This point is frequently overlooked in clinical trial design as well as the
interpretation of results. Articles by Detsky and Sackett [18] and Makuch and
Johnson [19] contain further discussions concerning the design and interpretation
of ‘equivalence’ trials.

Although many clinical studies in head and neck cancer are planned using a
dichotomous response, published studies almost always include analyses with
survival or other types of time-to-failure as the endpoints of primary importance.
To incorporate this type of endpoint in the sample size consideration of a study,
several different approaches are available. George and Desu[20] developed
sample size requirements for the two-treatment situation where the failure distri-
bution is assumed to be exponential, and all patients are followed until failure.
The assumption of exponential survival in each treatment group implies that the
risk of death is identically constant in each interval of time. Without any loss in
generality, we will assume failure to imply death. For determining the number
of deaths required in each treatment group, one specifies the type I error rate (a)
and the ratio of median survival times (A) for the two groups that one wishes to
detect with power (1 —B). Any A greater than 2.0, implying that the true median
for one group will be twice as large as that for the comparison group, is unrealistic
for most planning situations. Table 4 provides the required numbers of deaths
in each of two treatment groups for various choices of a, p and A. For example,
suppose one wants 90% power (B=0.10) to detect a 40% increase in survival
attributable to a new therapy as compared to a standard (A =1.4). For a two-sided
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0.=0.05, one would need to have 187 patients per treatment group, all followed
until death. When two or more treatment groups are under study, Makuch and
Simon [21] generalized the results of George and Desu[20] to account for the
multiple comparisons possible among k treatment groups.

Of course, it is rare that survival comparisons are deferred until all patients have
died. Since patients enter a study serially, complete survival times for all patients
frequently are not known at the time of analysis. This practical consequence of
clinical trial execution bears on sample size estimation since the ability to detect
treatment differences is a function only of the number of deaths, not of the
number of patients, under the assumption that survival curves follow the expon-
ential distribution.

To account for this in one’s sample size considerations, a simple alteration to
Table 4 provides a good approximation to the actual patient numbers required
using more complicated formulae. Quite simply, one divides the appropriate
number in Table 4 by the overall proportion of deaths expected at the time of
analysis. If the study is to be analyzed after all patients have died, then the overall
expected proportion is 1, and so the sample sizes are precisely those given in
Table 4. If one anticipates that roughly 50% of the patients will have died at the
time of analysis, then the sample sizes in Table 4 must be doubled, in order to
have approximately the same power and a-level of detecting the ratio A of median
survival times. This result follows from the work of Schoenfeld [22], who derived
a sample size formula for the more general situation where no specific distri-
butional form for the survival times was required.

In addition to the fact that not all patients may have died by the final analysis
time, another factor to be considered when estimating sample sizes is the contin-
uation period, which is defined to be the length of time after accrual has stopped
and prior to the time of analysis. Though often ignored in planning a study,
varying the length of the continuation period can have a sizeable impact on the
required size and duration of the study. To illustrate, assume the median time
for patients receiving standard therapy is 1 year, and we wish to detect with power

Table 4. Number of patients required on each of two treatment groups to compare survival
distributions, all followed to failure

A =ratio of median survival times

1.1 1.2 1.3 1.4 L5 1.6 1.8 2.0 3.0
1731* 473 230 140 96 72 46 34 14
2361° 633 306 187 129 96 62 45 18
2574° 704 340 207 143 107 69 50 20

#Upper figure: 2-sided a.=0.05, $=0.20.
bMiddle figure: 2-sided a=0.05, p=0.10.
¢ Lower figure: 2-sided a=0.01, §=0.20.
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0.80 an increase in median survival to 2 years (A =2) for patients receiving an
experimental therapy, with 0. =0.05. Assume the loss to follow-up rate is 0, the
yearly accrual rate is 60 patients, and there is no continuation period. Once can
then demonstrate that the estimated total required trial length is 2.3 years. If one
were to specify a 1-year continuation period, while leaving all other design
parameters unchanged, the total trial time becomes 2.6 years. However, because
of the one year continuation period, the accrual period would be only
2.6—1.0=1.6 years instead of 2.3 years. It follows that fewer patients would be
entered on-study in this situation, since accrual is shortened by roughly three-
fourths of a year. Thus, the continuation period is an important parameter to
consider when designing a study, since it can reduce the total number of patients
required for the study, while extending the total trial length only slightly.
Rubinstein, Gail and Santner [23] give a thorough review of these issues and
provide an extensive set of tables to illustrate the various trade-offs that occur
as one varies loss to follow-up, the accrual period, and the continuation period.

The importance of sample size planning and its impact on practical and
scientific aspects of a clinical trial cannot be over-stated. This section provided
a brief outline of the general principles involved, and helpful references dealing
with the subject in greater depth. Factors that complicate the determination of
appropriate study size and length include the effects of drop-outs due to non-
adherence, the need for stratification by important risk-groups, the effects of slow
or uneven accrual rates, and the use of sequential procedures for monitoring an
on-going study. While beyond the scope of this chapter, excellent references are
available on these topics [24, 25]. Given the complexity of sample size conside-
rations in long-term follow-up studies, it is usually advisable to seek advice from
a statistician who is acquainted with the literature in this area and is experienced
in planning such trials.

Allocation

When designing a comparative clinical trial, one must decide on a particular
method of allocating the treatments to the patients. Since a major objective of
such trials is to provide a precise and valid treatment comparison, an allocation
method should contribute to this objective by preventing bias and insuring an
efficient treatment comparison. Any allocation method based on a systematic
approach (e.g., alternating treatment assignments or assigning one treatment on
even-numbered days and the other on odd-numbered days) can introduce selection
bias. Such bias can easily occur when an investigator’s a priori knowledge of the
next treatment assignment affects his decision to enter the next eligible patient
on-study. For example, if it is known that the next treatment assignment will be
to a more aggressive treatment, a good prognosis patient might be accepted
on-study, consciously or unconsciously, more readily than might a poor prognosis
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patient unable to receive the full treatment course. Thus, initial allocation to
treatment groups using a formal randomization process is recommended to avoid
such a potential for selection bias. Also, randomization provides a statistical
foundation for assessing error, so that one can evaluate the extent to which an
observed difference is larger than random allocation would produce ordinarily.

The most straightforward method for randomly allocating patients involves
assigning each patient to one of T treatment groups with probability 1/T. The
distinguishing feature of this method, referred to as ‘pure’ randomization, is that
the allocation depends neither on patient characteristics nor on previous treatment
assignments. Peto et al. support the use of this approach, since they contend that
any imbalance in prognostic factors can be adjusted for in the analysis and that
the method possesses sufficient simplicity to encourage participation in the study
and minimize errors in assigning treatment [26].

Implicit in this recommendation is the notion that only large trials which tend
to insure balance of important prognostic factors between treatment groups are
worthwhile, and that the interim analysis for detecting unexpected toxicities and
early treatment differences is of little interest. Such is usually not the case in the
head and neck cancer research area. For clinical trials with a relatively small
number of patients, Grizzle showed that accounting for stratification at the time
of randomization is significantly more efficient than using pure randomization
and stratifying at the time of analysis [27]. The medical audience to whom the
study is addressed also may find the study results less convincing when an
imbalance is present in the prognostic profile of the two treatment groups, an
event which becomes more likely as the number of patients becomes smaller.
Brown states ‘... there is much to be gained in persuasiveness or credibility by
presentation of data that show the number of patients assigned to the several
treatments to be closely balanced with regard to the variable commonly felt to
be related to the course of the disease and the response to treatment. No amount
of post-stratification and covariance analysis... will be as convincing as the
demonstration that the groups were balanced in the beginning...” [28].

In addition, pure randomization has the rare but unfortunate potential for
producing a severe imbalance in the number of patients in each treatment group.
For example, with a total of 50 patients, there is greater than a 5% chance that
an 18:32 split will occur; for 100 patients, the split could be 40:60. This outcome
could prove troublesome to the medical investigator, especially if the smaller
number of patients received the experimental treatment for which crucial infor-
mation about efficacy and tolerance is most desired. Further, with a significant
imbalance in prognostic factors or the number of patients in each group, the
comparison between groups would be less efficient, and the statistical power of
a test to detect differences in the performance of two therapies would be
diminished. Thus, randomized treatment assignment usually is restricted in some
way to insure prognostic comparability among the treatment groups, as well as
fairly equal numbers of patients in each group.
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Perhaps the most commonly used method to achieve comparability is the
random permuted blocks design. It ensures exactly equal numbers of treatment
assignments at certain equally spaced points in the sequence of patient entries.
This process helps protect against ‘accidental bias’ caused by unknown time
trends that may occur in the characteristics of arriving patients over time. By
randomly assigning patients to all T groups within small lengths of time relative
to the entire accrual period, one need not worry as in pure randomization that
the treatment assignments are confounded with changes in patient characteristics.
Severe confounding is highly detrimental to a clinical trial because it then becomes
quite difficult to ascribe differences in patient outcome to the effects of treatment
as opposed to non-treatment-related effects caused by imbalances in prognostic
factors.

The first step in implementing a random permuted blocks design involves
defining strata, where each stratum comprises a different combination of levels
of each factor on which balance is desired. Then treatment assignments are
independently and randomly generated within each stratum using random per-
muted blocks. Each random permuted block is composed of b -T random treat-
ment assignments subject to the constraint that each of the T treatment groups
has been assigned to b patients. Selecting a particular value of b is related to the
conflicting needs between balance and minimizing bias. A large value of b will
reduce bias since it will be harder to guess what the next treatment will be, but
it also increases the chances of producing a significant imbalance in the distri-
bution of prognostic factors the treatment groups. On the other hand, if b is too
small, an investigator might be able to keep track of the assignments and guess
the next treatment. Good balance will be achieved in this situation at the expense
of introducing an unacceptably high degree of bias. Depending on the size of the
study and the number of strata, the values of b usually selected lie between 2 and
4 inclusive.

To demonstrate this method of patient allocation, assume that two treatment
groups (C=control and E =new experimental treatment) are to be compared for
patients with advanced (stages III and IV) resectable head and neck cancer in the
larynx or oropharynx. Two important prognostic factors for this disease are stage
and site. Thus the total number of strata defined by all combinations of levels
of these two factors is 2 x 2=4. If b=2 then after every four treatment assign-
ments in each stratum, two patients will be assigned C and two patients will be
assigned E. Every possible ordered treatment assignment per block must be one
of the following: CCEE, CECE, CEEC, ECEC, EECC, and ECCE. The overall
list of treatment assignments for each stratum is formed by repeatedly and
randomly selecting among these six possible ordered treatment assignments. For
example, the first 12 treatment assignments for stage III patients with a primary
of the oral cavity might be CEEC EECC CECE. This same process is used to
independently produce a randomization list for every stratum. To minimize the
potential for bias, an impartial individual should be given the responsibility of
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generating the treatment assignment list. Also, the investigator should be kept
unaware of the next treatment assignment on the list until the patient is deemed
eligible and willing to enter the study, and an informed consent has been obtained.

Note that the total number of strata is the product of the number of levels in
each factor, and consequently the total number of strata increases dramatically
with every additional factor. One must appreciate that as the total number of
strata increases, a stratified randomization becomes more and more similar to
pure randomization where substantial imbalances in important factors may occur.
Secondly, sizable differences can appear in the overall number of patients in each
treatment group, leading to a statistically inefficient design. Either of these
situations can result when a large number of randomized blocks have many
unassigned treatments; this is known as overstratification.

To see how overstratification can defeat the the intent of stratified
randomization, we consider the following example. A sequence of treatment
assignments was generated using the permuted block method for b=3 and T=2,
where four factors (primary site, nodal status, stage, and performance status)
believed to be predictive for survival were selected as stratification factors.
Primary site was divided into larynx and oropharynx, nodal status was divided
into NO and N1 versus N2 and N3, stage was categorized into stage III and stage
IV, and performance status was split into <90 vs. 90 or more. Since each factor
has two levels, there are 2 x 2 x 2 x 2=16 strata. Table 5 gives one realization of
a permuted block randomization list for 16 strata, and the check marks show the
treatment assignments made thus far. The number of patients assigned to either
C or E is given in the bottom of the table, and it shows a marked treatment
imbalance in the proportion of patients with a particular characteristic. Thus, the
prognostic profile of patients is quite dissimilar between the treatment groups
when site and stage are considered.

Although few would consider stopping a study after only 31 patients were
entered on-study, it is not unusual for some investigators participating in a
multi-institutional study to enter only a few patients. Since stratified randomi-
zation is almost always performed separately within each institution, such imbal-
ances in many institutions could lead to serious overall imbalances in prognostic
profiles for the entire study. Solutions to this dilemma include: (1) reducing the
number of strata, (2) generating for each patient an overall score (based on a
statistical model of prognostic factors from previous trials) which summarizes
several patient characteristics into a single stratification factor, and (3) using
alternative randomization methods. Other more complex procedures have been
described by, among others, Pocock and Simon [29] and Wei [30]. All have the
property that randomization can be dynamically weighted to insure greater
likelihood of balance of prognostic factorsbetween groups. These methods are
useful when there are many stratification factors or many levels of a particular
factor which result in a large number of strata. However, they will not be discuss-
ed further since their technical aspects extend beyond the scope of this chapter.
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A final topic for brief discussion is unequal randomization, where patients are
randomized to one of two treatments with unequal probability. Roughly equal-
sized treatment groups using a 1:1 treatment allocation ratio provide the most
efficient means for comparing treatments under most standard conditions. Never-
theless, other factors may influence the choice of allocation ratio in favor of more
patients receiving the new therapy, such as the need to motivate investigators to
enter patients on-study, gather relatively more information quickly about the new
treatment, and gain greater experience regarding its use. To this end, a commonly
proposed alternative to equal allocation is a 2:1 randomization weighting, where
on average two patients are placed on the new treatment for every patient assigned
to the control treatment. Statistically speaking, the loss in power to detect
differences of some prespecified magnitude is quite modest when the treatment

Table 5. Imbalance of prognostic profile between two treatment groups in an overstratified design

Stage III Stage IV
PS PS PS PS
80 or below 90 or above 80 or below 90 or above
N N N N N N N N
0+1 243 0+1 2+3 0+1 243 0+1 2+3
Oropharynx cV cv EV cV EV cv EV EV
cv cV cv cv E E cY cv
cv E cV E c E E C
E C C E C C C E
E E E E E C E E
E E E C C E C C
Larynx cv cv EV EV EvV EvV EV EV
E cv EV (o) EvV C EvV EV
C E C E C E C EvV
E C E C C C E C
E E C E E C C C
C E C C C E C C
C E
Site: oropharynx 12 4
larynx 4 11
Stage: III 13 4
v 3 11
PS: 80 or below 9 4
90 or above 7 11
N status: Oorl 7 9
20r3 9 6
Total, within each treatment 16 15
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allocation ratio is 2:1 or less. For ratios greater than 2:1, the loss in power
increases more dramatically, and few statisticians would recommend exceeding
it.

Though several statisticians claim that unequal randomization should be used
more widely provided that statistical efficiency is not seriously impaired, impor-
tant non-statistical issues should also be considered. For example, during a recent
study in which, on average, two patients were randomized to the experimental
therapy for every one control patient, there was a period of time early in the trial
when practically all the patients were randomized to receive the experimental
therapy. Unfortunately, unexpected life-threatening toxicities (pneumocystis car-
inii pneumonia) occurred overwhelmingly in the experimental treatment group,
and it was impossible to ascertain whether these toxicities were a sufficient
drug-related cause for alarm to necessitate terminating the study prematuraly, or
whether they simply appeared to predominate in the experimental group because
so few had been randomized to the control treatment. Thus, due to power
considerations as well as potential problems with imbalances in the number of
patients exposed to the therapies under study, we recommend that equal allo-
cation be used under most circumstances.

Statistical analysis

There are a variety of statistical methods used to analyze and interpret clinical
trial data, but we will focus on some aspects of statistical analysis involving
time-to-failure data since this type of data is frequently encountered in head and
neck cancer trials. Failure is a general term which encompasses a variety of
endpoint events including death or tumor relapse. We will use failure to imply
death unless explicitly mentioned otherwise, since most of the comments apply
equally to disease-free survival curves, freedom-from-relapse curves, or any other
type of endpoint data involving time. Because the methods to be described are
broadly applicable and relatively straightforward to put into practice, they are
frequently misused with potentially dramatic adverse consequences. Some com-
putational mechanics associated with these analytical tools will be described,
followed by general comments on the conditions under which these methods can
be applied properly.

Survival data may be distinguished from most other types of data on the basis
of two characteristics. First, the data assume non-negative values only and they
can be highly skewed in the positive direction. This suggests the need to use
nonparametric statistical techniques, which reduce the influence of an infrequent,
uncommonly large survival period. The second distinction involves the definition
of a ‘failure’, since whether or not a patient is observed to fail affects the way
the calculations proceed. For calculating survival curves, a patient failure is
usually, though not always, defined to be a patient who dies from any cause. This
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is called an uncensored observation, and one usually calculates the interval of time
from entry on-study (or some other relevant start point) to the death date as the
length of observation. Patients who are known to be alive at the most recent date
prior to analysis represent ‘incomplete censored observations’, implying that a
possible change in status could occur during subsequent follow-up. The length
of the censored observation is calculated from some relevant start date to the date
the patient was last known alive. Thus, censoring occurs whenever the investigator
is unable to observe the endpoint of interest. For example, for patients who
survive 12 months from the start of treatment, the analysis must distinguish
between those patients who die at the end of those 12 months and those patients
who were last known to be alive at that time. Any analysis which does not
discriminate between these two situations (and almost all standard statistical
analytic techniques and summary statistics assume no such distinction) would be
clearly misleading.

The most common technique for estimating and graphically displaying the
survival experience of a group of patients is the ‘product-limit’ method developed
by Kaplan and Meier [31]. Although there are other methods for estimating
survival curves, the product-limit estimate is recommended for most situations
since it is an empirical approach which avoids parametric model assumptions that
may be difficult to justify for relatively small datasets. To estimate the survival
curve for N patients, a time t for each patient is first calculated from the start
of therapy to either the date of death or the last date of follow-up if death was
not known to have occurred. Then the N times are ordered in increasing magni-
tude, and the number of patients (N;) alive just prior to time t; and the number
of deaths (d;) occurring at time t; are recorded. The conditional probability of
surviving at least to time t;, given survival up to time t;_,, is estimated by
(N; —d;)/N;=P;. The probability of surviving beyond time t;, S(t;), is estimated
by the product of all the conditional probabilities of surviving intervals of time
up to and including time t;, that is, S(t;)=P; - P, - ... - P;. Note that P;=1 for all
times t; when a death does not occur, so S(t;) changes value only at observed death
times, not at censoring times. The values of S(t;) lie between 0 and 1 inclusive,
and the estimated survival curve is plotted with S(t;) on the vertical axis and t;
on the horizontal axis. The coordinates [t;, S(t;)] are joined by a step function
in which the value of S(t;_,) is drawn horizontally from t; _, to t; when it drops
to S(t,).

Some calculations are provided in Table 6 to illustrate the method using
survival data for advanced stage, non-metastatic cancer patients who received
surgery and radiation therapy in a multi-institutional randomized trial. The
corresponding survival curve is presented in its entirety in Figure 1. One impor-
tant feature of the product-limit survival estimate is that each portion of the curve
depends on the preceding segments. If most patients have been on-study for only
a short period of time and have not had an adequate opportunity to fail, then
the estimated curve is subject to more variability than if the majority of patients
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were followed for a longer period. Glatstein and Makuch point out that this
variability due to insufficient patiert follow-up can lead to overly optimistic
results in estimating the probability of surviving beyond time t;, particularly in
study reports that are published too soon due to early findings that appear
strikingly positive [32]. A minimum period of follow-up (e.g., at least as long as
the anticipated median survival time for the disease under study) should be
specified to guard against over-interpretation of premature results.

One way to measure the extent of variability associated with points on the curve
is to calculate confidence intervals. The usefulness of a confidence interval is that
it indicates the range of true values that is reasonably consistent with the observed
data. Because the median survival, defined as the value of t for which S(t) =0.50,
is a frequently chosen point to summarize survival experience, we have selected
the method developed by Brookmeyer and Crowley[33] to calculate a 95%
two-sided confidence interval for the median survival estimate in Figure 1. The
method is straightforward to use and merely requires that each point estimate
(8(ty)) and its standard error (s.e.) be known. For each t;, one first calculates
(S(t;)— 1/2)2. If this quantity is less than (3.84) - [(s.e. S(t;))?], then that value of
t; lies within the 95% confidence interval of the median. One can see in Figure 1

Table 6. Survival data for patients with head and neck cancer: calculations to produce Kaplan-Meier
survival estimates

t? d® ¢ N;¢ P, m Sty
N;
12 1 0 152 0.9934 0.993(=151/152)
19 1 0 151 0.9934 0.987 (=151/152-150/151)
23 1 0 150 0.9933 0.980(=151/152-150/151-149/150)
56 1 0 149 0.9933 0.974
137 1 0 148 0.9932 0.967
225 1 0 133 0.9925 0.868
237 1 0 132 0.9924 0.862
291 3 1 131 0.9769 0.842
305 1 0 127 0.9921 0.835
*t, = ordered, distinct death time.
®d;, = number of deaths at t;.
“¢; = number of observations censored at t;.
9N; = number of patients alive and followed just before t;.
¢ P, = estimated probability of surviving the internal (t,_,, t;), given that the patient was alive at

t,.
£ 8(t) = product-limit survival estimate of the probability of exceeding time t,.
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Figure 1. Kaplan-Meier survival curve.

that the estimated median survival is 32 months and the 95% confidence interval
ranges from 25 months inclusive to 51 months. Even with a relatively large
number of patients at risk, these calculations demonstrate that the range of true
median values consistent with the observed median is fairly broad. As the number
of patients at risk becomes smaller, the confidence interval becomes even broader.
Thus, knowledge of the median survival time alone, with no indication of its
variability, is of limited utility in gauging the success of a new treatment.

The comparison of medians may be misleading and usually is statistically
inefficient. More generally, it is usually inappropriate to conduct statistical tests
of significance comparing treatments at any individual point along the curves.
This approach to comparative analysis can introduce subjectivity, especially if
comparisons are chosen at specific time points where the treatment differences
are largest, or smallest, to confirm one’s a priori opinion regarding relative
treatment efficacy. P-values obtained from such comparisons cannot be interpret-
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ed in a standard fashion due to the data-dependent nature of the comparison. The
analysis should be based on methods which compare the entire curve to another.
Two commonly applied techniques for comparative analysis are Gehan’s general-
ized Wilcoxon test [34] and the logrank test described by Mantel [35]. Since the
latter test is frequently used and relatively easy to describe, it will now be
summarized.

To calculate the logrank statistic comparing two treatment groups, a 2 x 2 table
is formed at each death time as depicted in Table 7. The quantity a; is the observed
number of deaths at time t; and b; is the number of patients alive at time t; in
the experimental treatment group; c; and d; are the corresponding quantities in
the control group. For each table, one calculates the expected number E(a;) of
deaths in the experimental treatment group as (a;+c;) - (a;+b;)/N;, where
N;=a; +b; +c¢;+d;. This is the expected number of deaths assuming that no
survival difference exists between the two groups. The variance of a; is

V(@) =(a;+¢)- (b;+dy) - (a+b) - (¢; +d)/NZ- (N; - ).

The logrank statistic is calculated as

(Y a- Y, E@)/ ¥ V(a.

The application of the logrank test to the analysis of clinical trial data is
summarized in Peto ef al. [26].

As we have seen, the calculations involved in graphically displaying and
analyzing time-to-failure data are relatively straightforward. But their proper
application requires knowledge about the assumptions underlying these methods.
The proper use and interpretation of these statistical methods for evaluating
time-to-failure data depends on a number of factors, including (1) the appropriate
choice of patients for inclusion in the analysis, and (2) attention to the manner
in which censored observations arise, that is, consideration of other risks operat-
ing which might alter the results for the particular endpoint analyzed. These two
issues will be introduced by way of an example.

In alarge randomized study for patients with advanced, operable head and neck
cancer, patients were randomized to receive surgery and radiation therapy (stan-

Table 7. Distribution of patients at death time t;, according to treatment and survival status

Treatment group No. of deaths No. of survivors No. of patients at
at time t; at time t; risk just prior
to time t;
Experimental a b; a;+b,

Control [ d; c+d;
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dard therapy) or induction chemotherapy plus standard therapy plus maintenance
chemotherapy. Upon completion of surgery, the patient was either rendered
disease-free or not, based upon examination of the tumor specimen. Among those
not disease-free, there were eight patients of 152 (5.3%) in the standard therapy
arm (S) and 19 of 151 (12.6%) in the experimental treatment arm (M). A standard
approach to disease-free analysis would exclude these 27 patients. For the remain-
ing patients, the disease-free interval was calculated from the time of surgery
(removal of all gross tumor) to the date of relapse or most recent follow-up. The
logrank test gave some indication that the experimental therapy was superior to
the standard in prolonging disease-free survival time (p =0.16), although further
follow-up and more patients might ultimately lead to a more definitive statement.
See the top panel in Figure 2. However, when all the patients randomized to each
of these two treatments were analyzed with respect to disease-free survival, and
the 27 patients never rendered disease-free were assigned a disease-free period of
zero, then there was no treatment difference whatsoever (p =0.92). See the bottom
panel in Figure 2. The interpretation of these data is now considered in light of
the issues mentioned above.

Although randomization was used to help insure comparability of the treatment
groups, a greater proportion of patients receiving experimental therapy was never
rendered disease-free following surgery than in the standard treatment group. If
those patients with persistent disease also tended to have a poorer prognosis, there
would be a relatively more favorable prognostic group of patients in the remainder
of the experimental group, inducing a bias in any comparison other than one
based on all randomized patients. It is possible that such a bias was operating in
our example since the two analyses yield strikingly different evidence regarding
relative treatment efficacy. What makes this example quite dramatic is that such
a distinction arose between the two analyses, although the number of patients
responsible for the difference in results is quite small.

This example also demonstrates that randomization will not provide any
guarantee of comparability among subsets of the overall randomized groups. A
standard technique to see if comparability is not violated is to compare statistically
the distribution of known risk factors in the two subsets, where the patients not
rendered disease-free are excluded. If there are no apparent imbalances, many
analysts will routinely evaluate these subsets and interpret the data as if they arose
from a direct randomized comparison. In our example there were no marked
prognostic imbalances in any important features including performance status,
stage, site of primary disease, T or N class, between the two treatment subsets
at p=0.60 or greater. Thus the standard analytic approach would have provided
a misleading overall finding with a trend favoring the experimental treatment. The
major emphasis should always be on the randomized comparison of all patients,
with the observation that, for a subset of patients who were rendered disease-free,
an interesting finding suggests that a new study should be designed to examine
this issue directly.
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Figure 2. Disease-free period, by treatment group. Upper panel excludes patients never rendered
disease-free. Lower panel includes patients never rendered disease-free. For these patients, a time of
0 is assigned for their disease-free interval.
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Related to issues regarding the propriety of excluding patients from analysis
is the distinction made by Schwartz and Lellouch between pragmatic and explana-
tory trials [36]. The former type of trial assumes that human experimentation is
imperfect and that some patients wil deviate in some way from the study protocol.
The purpose of such trials is to compare the policy of giving one treatment versus
another treatment. This approach in therefore directed towards the comparison
of treatments under presumably realistic conditions that a clinician faces in
practice, and it is argued that a realistic measure of treatment efficacy is obtained
as a result. The explanatory viewpoint is biologically purer, in the sense that one
wishes to know the effect of treatment for all patients who followed the protocol
exactly. Although both approaches are useful in understanding treatment efficacy
and in providing new directions for future research, it is by no means clear that
explanatory answers can be obtained in the inherently imperfect clinical trial
setting. Thus the pragmatic approach involving the analysis of all randomized
patients should be the dominant basis for interpreting data.

A second issue in the analysis of failure data involves understanding the nature
of censored observations. The need for thorough patient follow-up is particularly
important if losses to follow-up are related to patient outcome. Returning to the
example, assume that disease-free patients do not return for their scheduled
visit when they become ill and that the illness is a precursor of tumor recurrence.
Then, only the censored observation (i.e., non-failure) obtains, and tumor recur-
rence is by definition a nonobservable event. The analysis of these data would
therefore show an overly optimistic effect of treatment in preventing tumor
recurrence because a crucial condition for proper survival analysis has been
violated. Namely, an individual who is censored at some time, t say, should be
representative of all patients who have not yet recurred and are available for
follow-up at time t. This condition does not hold in our hypothetical consideration
since the censoring time carries prognostic information about the individual’s
tumor status. To minimize this problem, every effort should be made to obtain
the necessary endpoint information for each patient.

Treatment-covariate interaction

A treatment-covariate interaction is said to occur when the treatment effect
depends on particular characteristics of the patient. Peto has classified treatment-
covariate interactions into two general classes: quantitative and qualitative [37].
A quantitative interaction arises when the magnitude of the treatment effect varies
according to the patient’s characteristics, but the direction of the effect does not.
For example, the addition of induction chemotherapy to surgery and radiation
therapy may benefit all patients with advanced head and neck cancer, but the
treatment efficacy is more pronounced in NO and N1 patients than in N2 and N3
patients. A qualitative interaction, on the other hand, describes a change in the
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direction of the treatment effect based on the particular characteristics of the
patient. An illustration of a qualitative interaction is to assume the addition of
maintenance adjuvant chemotherapy following surgery and radiotherapy is bene-
ficial for good performance status patients while it is actually harmful to poor
performance status patients.

The identification of a qualitative interaction, if it exists, is crucial from a
clinical viewpoint since it implies that the optimal treatment for any given patient
will depend on his particular set of characteristics. However, leaving aside
differences in costs of treatment, toxicity, and other relevant factors that may play
an important role in the decision to select one treatment over another, awareness
of a quantitative interaction may cause less concern since one treatment is always
superior to the other, regardless of patient characteristics, and it is only the
magnitude of its superiority which is likely to vary. Another reason for less
concern is that quantitative interactions are model dependent; that is, the inter-
action could disappear with a change in the scale of measurement or the selection
of an alternative statistical model. However, this is not true for qualitative
interactions unless improper statistical methods are employed.

An example of a qualitative,treatment-covariate interaction is given in Table
8. Assume that the proportion alive at 2 years among good performance status
patients is 0.75 for patients receiving maintenance chemotherapy following surge-
ry and radiation therapy (MSR) and 0.60 for patients receiving surgery and
radiation therapy alone (SR). Conversely, the same two-year proportions for the
poor prognosis patients are 0.25 and 0.40, respectively. The overall level of
statistical significance comparing the two treatments is given in the table, as well
as the corresponding p-values for the comparison of treatments within each of
the two covariate strata separately. Although the overall test of significance does
not reveal a dramatic difference in favor of one treatment or the other, a formal
test of interaction is highly significant, as are the treatment differences in each
of the two subsets. Thus an important result would have been overlooked if the
subsets were not analyzed separately, since the data strongly suggest that a
patient’s prognostic category is crucial to selecting appropriate treatment.

This type of example is used frequently to justify an investigator’s request that
statisticians thoroughly explore treatment effects within a variety of patient
subsets. Although it is an entirely reasonable wish on the part of the clinician that

Table 8. Example of qualitative interaction: proportion alive at 2 years

Subset Maintenance No maintenance p-value®
Good performance status 0.75 (100°) 0.60 (100) 0.024
Poor performance status 0.25 (200) 0.40 (200) 0.002
All patients 0.42 (300) 0.47 (300) 0.23

2 Chi-squared test unadjusted for continuty; ® number of patients.
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a medical trial should provide reliable and precise predictions of clinical outcome
for various combinations of treatment and patient characteristics, the extent to
which a statistician can help in this regard is limited by a number of statistical
facts. As Tukey stated [38], ‘It is right for each physician to want to know about
the behavior to be expected from the intervention or therapy when applied to his
particular individual patient ... It is not right, however, for a physician to expect
to know this — except, possibly, for the most dramatically effective and time-tested
interventions or therapies’. Some of the non-trivial statistical issues associated
with these comments are touched upon below.

One often unappreciated fact is that treatment-covariate interactions, both
quantitative and qualitative, can arise much more frequently by chance alone than
one might expect. Assume that MSR is compared to SR in regard to the
proportion alive at 2 years. Denote the observed treatment difference in favor of
MSR as D=(p;—p,), and let the standard error of D be D/2. The overall
significance test is obtained by dividing D by its standard error, giving a standard-
ized z-value of 2 which corresponds to a two-sided p-value of 0.045. Now, let us
randomly divide the data into two subsets of equal size and consider separately
the two quantities D; and D, corresponding to the observed treatment difference
in proportion alive at 2 years in each of the two subsets. In one realization of
this hypothetical split, let us assume that the observed difference in subset 1 is
1.5 times the observed overall treatment difference, and in subset 2 the observed
difference is half the observed overall treatment difference (i.e., D, =3/2 - D and
D,=1/2 - D). The one can readily calculate the two-sided p-value for subset 1 to
be 0.034 while for subset 2 the two-sided p-value is 0.48. Such quantitative
differences in each of the two subsets might lead one to recommend that most
of the treatment benefit of maintenance chemotherapy is in subset 1 while there
is not treatment benefit in subset 2 attributable to maintenance chemotherapy.
But statistical significance is a function of the sample size as well as the observed
difference obtained in a study. Merely examining p-values within subsets can be
misleading unless one forms a statistical link to combine results or investigate
variation across the subsets using formal techniques of statistical inference.

A test of interaction serves as a useful guide in evaluating whether the variability
in comparative treatment efficacy across subgroups is real or represents random
fluctuation. Its strength lies in the fact that it uses all the data, and thus it
quantitates formally the extent to which chance alone might account for the
degree of heterogeneous treatment response observed among subgroups. A for-
mal test for interaction in the foregoing example of quantitative interaction gives
a p-value of 0.32, indicating that variability in relative treatment efficacy as
extreme as that observed between subsets could occur by chance alone approxi-
mately one-third of the time! Thus, in the absence of additional information, an
appropriate interpretation of these data would indicate that the benefit of
maintenance chemotherapy is not restricted to any particular subset of patients,
but rather that it may be generalized to the overall population of patients
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represented in the study. One must always keep in mind, however, that quantita-
tive interactions depend on the particular scale of measurement used in the
analysis, and that an apparent interaction could disappear if a different scale of
measurement for relative treatment efficacy (e.g., the ratio of p; and p,) were used
instead.

Whether apparent reversals of treatment benefit in various subsets of patients
are a product of chance fluctuations or represent a true qualitative interaction is
a complex issue which recently has begun to receive wider statistical at-
tention [39-41]. The issue arises naturally in the context of clinical trial research
when, for example, interest focuses on defining groupings of patient characteris-
tics for which treatment superiority switches. Ingelfinger er al. framed the
treatment-covariate qualitative interaction problem in the following manner [42].
They assumed that an overall treatment difference exists, and that the treatment
effect is the same across all strata. They calculated the probability that a
significant treatment reversal obtains by chance alone in the least favorable
stratum, where ‘least favorable’ is defined as that stratum in which the treatment
reversal is largest. Their method requires that the data be divided into k strata
of equal size, and that the overall treatment effect and its standard error be
specified as well. For this situation they show that, if the overall treatment
difference is significant at p=0.045 and one has eight strata, there is an 89%
chance that the least favorable stratum will have the overall treatment benefit
reversed due to random fluctuation. Even if the overall treatment difference was
significant at the p<0.001 level, there would be a 48% probability that a
treatment reversal in the least favorable stratum would occur by chance alone.

The assessment of treatment-by-covariate interaction effects is a complex issue,
usually requiring input from a qualified biostatistician. In general, before one can
conclude that the treatment-of-choice policy holds in a particular setting, two
general concepts should be adhered to. First, one must demonstrate that the
relative treatment efficacy varies significantly among the subgroups, that is, a
significant treatment-covariate interaction exists. Second, unless a plausible
biological explanation is present or a treatment-covariate interaction was antici-
pated prior to the start of the study, a significant interaction should be considered
in the spirit of exploratory data analysis. This implies that its medical plausibility
should be considered and future studies should be designed to confirm or refute
these initial observations. Finally, since interactions often are detected only after
a very thorough analysis of the data has been carried out, statistical issues
involving multiplicities add an additional layer of complexity to the proper
interpretation of p-values.

The researcher should be alert to the hazards of basing conclusions on ‘signifi-
cant’ results discovered after applying multiple tests of hypotheses across various
subgroups and outcome variables. This multiplicity problem, often facetiously
referred to as ‘data-dredging’ or ‘ransacking the data’, has serious implications.
The more significance tests that are conducted, the greater the possibility of
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drawing erroneous conclusions unless certain precautions are taken. For example,
if two treatment groups are compared within only ten subgroups defined by age,
sex, and disease stage, there is a 40% chance that at least one of the ten subgroups
would turn up a significant treatment difference at the 5% level, even though the
treatments had equivalent therapeutic value. This problem may be overcome by
the choice of a more stringent nominal significance level for each test, so that the
overall significance level is maintained at some desired level such as 0.05. For
example, if there are k patient subgroups that would have been looked at for
treatment differences seriously if results for them appeared interesting, Tukey
requires significance at the 0.05/k level before claiming significance at the 0.05
level in any one of the k subgroups [38]. Note that this is an especially stringent
criterion if there are several outcome variables, since k would be inflated as the
product of the number of plausible end-points multiplied by the number of
plausible patient subsets. An alternative approach to this multiplicity problem is
to properly focus trial objectives on a well-defined class of patients and clearly
identify at most two or three primary end-points in the study protocol to assess
treatment efficacy. Prespecification of study hypotheses is a crucial aspect of
study planning in that it offsets multiplicity problems that would otherwise arise
in the analysis.
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14. Management of orbital rhabdomyosarcoma

MOODY D. WHARAM JR. and HAROLD M. MAURER

Introduction

Rhabdomyosarcoma (RMS) is a soft tissue sarcoma that arises from the same
mesodermal tissues that form striated skeletal muscle. It typically arises in the
pediatric age group and can originate in virtually any anatomic location. The
management of the child with orbital or eyelid RMS has changed substantially
in the past two decades. Formerly dismal, the prognosis is now excellent. Ad-
vances have resulted from the application of two modern concepts in cancer
management: first, multidisciplinary management including surgery, radiation
oncology, and pediatric oncology; second, application of the methodology of the
clinical research cooperative group. Principles of diagnostic evaluation, local
tumor control, and treatment of disseminated but occult metastases have been
developed and refined. Important information regarding etiology, histologic
subtypes, treatment, and late effects continues to accrue.

History

Calhoun and Reese reported five cases of orbital RMS in 1942[1]. In their
literature review, they found only 14 previously reported patients. In 1958, Blaxter
and Smith reported two additional cases and noted only 33 reported to that
time [2]. A year later, 12 more were reported by Frayer and Enterline [3]. The first
large series of cases was reported from the Armed Forces Institute of Pathology
in 1962 [4]. The report of 55 cases does not indicate the time period over which
the patients were accrued. Thirteen patients were apparently cured by orbital
exenteration. No patient initially receiving radiotherapy was cured. The largest
report from a single institution was by Jones et al. from the Institute of Ophthal-
mology at Columbia-Presbyterian Medical Center, New York City [5]. Again, the
time period during which their 62 cases were accrued is not given. Thirty of their
patients were apparently cured. Exenteration was the standard operative proce-
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dure, and radiation treatment was of no apparent benefit. Also in 1965, 34
patients were reported from the Institute of Ophthalmology, University of Lon-
don [6]. Only eight patients were apparently cured. The authors advocated the
approach of Lederman [7] that initial treatment consist of simple excision and
radiation therapy, with exenteration reserved for local treatment failures. They
also advocated investigation of the potential role of chemotherapy.

The first report of the disciplined application of modern megavoltage radiation
therapy to orbital RMS was published by Cassady et al. from Columbia-Presby-
terian Medical Center in 1968 [8]. They documented a 50% local tumor control
rate after postoperative local recurrence. More importantly, they demonstrated
that definitive radiation therapy (5000 rad in 5 weeks) preceded only by tumor
biopsy rendered five of five patients disease-free with follow-up from 1.3 to 4.5
years. Subsequent publications from the same institution in 1972 and 1979
confirmed the favorable outcome of the initial series in a larger number of newly
diagnosed patients [9, 10]. By 1979 they had achieved a local control rate of 91%
in 58 patients [10].

The concept of adjuvant chemotherapy for pediatric RMS was advanced by
Pinkel and Pickren in 1961 [11]. The concept was tested prospectively by Chil-
dren’s Cancer Study Group A in a randomized trial which accrued patients for
4 years beginning in 1967 [12]. All patients under age 21 with RMS were eligible.
Patients receiving 1 year of vincristine and actinomycin-D courses after complete
tumor excision plus postoperative radiation had a 2-year disease-free survival rate
of 82%, compared to 53% for patients not receiving chemotherapy. When the
same two drugs plus cyclophosphamide were administered to patients with orbital
RMS after definitive radiotherapy (mean dose 5500 rad in 5 to 6 weeks), the 3-year
survival rate for patients with localized tumor (normal tomography) improved
from 66% (4 of 6) (radiation only) to 91% (10 of 11)[10].

To accelerate patient accrual and to facilitate randomized, prospective clinical
trials, three clinical cooperative groups (Children’s Cancer Study Group A,
Southwest Oncology Group, and The Cancer and Leukemia Group B) created the
Intergroup Rhabdomyosarcoma Study Committee (IRS) in 1972. The first study
(IRS I) concluded in 1978, having enrolled 690 eligible patients. IRS-II concluded
in 1984 and enrolled 912 eligible patients. Much of the information in this chapter
is from publications and reports of the IRS.

Incidence

The incidence of RMS in white American children under age 15 is 4.5% of all
malignancies [13]. RMS of the eyelid and orbit comprises 8% of all children with
RMS. The annual incidence of orbital RMS is estimated to be one in
4.4 million [14]. It is the most common malignant orbital tumor in children and
the most common site of RMS among all head and neck sites. )
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Etiology

The etiology of orbital RMS is unknown. Environmental factors associated with
the risks of having RMS at any site were described by Grufferman et. al. [15].
They noted the association of cigarette smoking by fathers (not mothers) and a
variety of factors indicative of low socioeconomic status in North Carolina. The
associated factors included fewer immunizations than controls, more preventable
infections, chemicals exposure, dietary organ meats, maternal age greater than
30 and antibiotic usage before birth.

Normal and tumor anatomy

The walls of the bony orbit approximate a four-sided pyramid with the eyelids
at its base and the apex corresponding to the optic canal. The roof of the orbit
is composed of the frontal bone. Above it is the anterior cranial fossa. The floor
of the orbit lies just above the maxillary sinus. The lateral wall is composed of
the frontal bone and the zygoma. Just lateral to these bones is the temporal fossa.
Posteriorly the lateral wall borders the middle cranial fossa. The medial wall is
thin and affords little resistance to invasive tumors. Anteriorly it borders the nasal
cavity. Posteriorly it borders the ethmoid air cells and more posteriorly the
sphenoid sinus. The contents of the orbit consist of the eyeball and optic nerve,
the six extra-ocular muscles and associated nerves, arteries, and veins. The
majority of orbital RMS arise within the orbital cavity. In a summary of seven
series totaling 191 cases, 21% appeared to arise from the lids and 8% from the
conjunctiva [16]. When the primary originates in the orbital cavity, it does not
usually arise from the extraocular muscles. Rather, it seems to originate in orbital
connective tissue [4, 6]. The early literature suggested a predominant presentation
in the upper and medial portions of the orbit [4]. Two series refute this obser-
vation [5, 6]. In the 62 cases reported by Jones et al., one-half of the tumors were
central, one-quarter superior, and the rest inferior or other [5].

Lymphatics have not been described within the orbital cavity. The association
of nodal metastases at presentation from orbital RMS is rare and is generally
associated with primary lid tumors. Lymphatics of the lid follow two routes. The
medial group follows the facial vein to the submaxillary nodes. A lateral group
drains to the deep parotid lymph nodes.

Pathology
The conventional classification of RMS includes four histologic subtypes: emb-

ryonal, alveolar, botryoid, and pleomorphic. Embryonal: this type is character-
ized by long, spindle-shaped cells with acidophilic cytoplasm. The cell may assume
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Figure 1. (A) A 10-year-old black female with RMS of the orbit presenting in the lid and causing ptosis.
(B) The lesion involves the conjunctiva.

a racquet shape or may be small and round; neither cross-striations nor mitoses
are frequent. Alveolar: the cellular distribution in this type is determined by
connective tissue trabeculae which result in septal divisions of tumor resembling
lung alveoli. The rhabdomyoblasts are usually small and round, but may be
multinucleated with both cross and longitudinal striations. Botryoid: this type is
typically seen in genitourinary sites but does occur in the head and neck. Grossly,
it has a characteristic polypoid (‘grape cluster’) appearance. Centrally, the tissue
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Figure 2. Rhabdomyosarcoma arising in the right upper lid of a 9-year-old white female and causing
marked edema and erythema.

is myxomatous with few cells. Peripherally and just beneath the mucosal surface
is a layer of rhabdomyoblasts with a typical small, round cell character and
relatively frequent mitotic figures. The absence of the loose, myxomatous stroma
in metastases suggests that the botryoid subtype is a morphological variant of
embryonal RMS. Pleomorphic: typically found in adults, this subtype features
large rhabdomyoblasts that can have a strap shape with multiple nuclei in tandem,
a simple round shape with an eccentric nucleus, or a racquet shape with a tapering
cytoplasmic body [4, 5, 17].

In the second Intergroup RMS Study (IRS II), 51% of all patients were
embryonal in histology and 19% were alveolar. The remaining patients were other
types (24%) or unknown (6%). For patients with orbital RMS, only 6% were
alveolar. Although historically this subtype has carried a worse prognosis, this
has not been true in the IRS I and II trials for orbit RMS patients.

A new cytologic classification of RMS which defines a subset of patients with
unfavorable prognosis histology (UH) has been proposed by the IRS pathology
subcommittee [18]. However, the few IRS I and II orbit patients (8%) with one
of these subtypes were without relapse.

Clinical manifestations

The differential diagnosis of proptosis in a child is extensive. It includes develop-
mental, inflammatory, metabolic, neoplastic, osseous, and vascular disorders,
and orbital hemorrhage of various causes, including trauma. Iliff and Green
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summarized four series of 358 children with histologically documented orbital
lesions to which they contributed 174 cases [19]. The most frequent diagnosis was
dermoid cyst (37%) followed by hemangioma (12%) and RMS (9%).

Rapid progression of unilateral proptosis in a child is the initial and major
presenting symptom of orbital RMS (Figure 1). Jones ef al. describe ptosis in 33%
and a palpable nodular subconjunctival or lid mass in 25% [5] (Figure 2). Lid and
conjunctival edema and redness of the eye are less often seen [4, 20]. Tearing is
uncommon (10%), but may occur early [5]. Vision loss and papilledema are
similarly uncommon [3]. The average duration of symptoms before diagnosis is
6 weeks [3].

Diagnostic evaluation

The infrequency of orbital RMS must not dissuade the clinician from having a
high index of suspicion to make the diagnosis. Nicholson and Green emphasize
the obligation of the examining ophthalmologist:

‘The history or observation of rapid increase in observable tumor size or degree

of proptosis advances rhabdomyosarcoma to the top of any list of differential

diagnoses and demands immediate histologic confirmation or exclusion of this

possibility’ [21].

Histologic diagnosis requires only a biopsy and not tumor excision or debulking.
Excision does not contribute to improved prognosis nor does it permit reduction
of radiation portal size. The surgical approach for tumor biopsy is determined
by the position of the mass and the direction of eye displacement. The several
biopsy approaches are described by Harley [22].

The physical examination must include height and weight. Computed tomogra-
phy is the preferred imaging technique [23] and may be superior to magnetic
resonance imaging [24]. Plain X-rays may disclose bone destruction but seldom
demonstrate a mass. Tomographically, orbital tumors are described as within or
outside the cone formed by the six extraocular muscles (intraconal or extraconal),
or anterior to the fibrous septum of the orbit rim (preseptal). In one series, RMS
was extraconal in four patients and also involved the preseptal space in two [23]
(Figure 3). Extension to adjacent structures such as the medial air sinuses and the
cavernous sinus is uncommon but should be carefully sought. Other radiographic
studies include chest X-ray and bone scan. Necessary laboratory studies are
complete blood count, urinalysis, creatinine, hepatic enzymes, bilirubin, uric
acid, calcium, phosphorus, and alkaline phosphatase. Baseline bone marrow
aspiration or biopsy is needed. Cerebrospinal fluid chemistry and cytology is
essential if the primary tumor has extended to or near to the meninges. The
toxicity associated with particular chemotherapeutic agents requires appropriate
baseline studies: for adriamycin, radionuclide angiography or echocardiography;
for cisplatin, serum magnesium and audiologic exam.
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Figure 3. A right orbital RMS imaged by computerized tomography and demonstrating significant
proptosis.

The most widely accepted staging system for RMS is the IRS surgical-pathological
clinical grouping classification. The group is used to determine therapy and to
report and compare treatment outcome.

The IRS clinical groups are:

— GroupI: Localized disease, completely resected (regional nodes not involved).
(a) Confined to muscle or organ of origin. (b) Contiguous involvement —
infiltration outside the muscle or organ of origin, as through fascial planes. This
includes both gross inspection and microscopic confirmation of complete
resection. Any nodes that may be inadvertently taken with the specimen must
be negative. If the latter should be involved microscopically, then the patient
is placed in group IIb or ¢ (see below).

— GroupII: (a) Grossly resected tumor with microscopic residual disease (sur-
geon believes that he has removed all of the tumor, but the pathologist finds
tumor at the margin of resection). No evidence of gross residual tumor. No
evidence of regional node involvement. Once radiotherapy and/or chemothera-
py have been started, reexploration and removal of the area of microscopic
residual does not change the patient’s group. (b) Regional disease, completely
resected. Regional nodes involved and/or extension of tumor into an adjacent
organ. All tumor completely resected with no microscopic residual. Complete
resection with microscopic confirmation of no residual disease makes this
different from groups Ila and IIc. Additionally, in contrast to group Ila,
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regional nodes (which are completely resected, however) may be involved. (c)
Regional disease with involved nodes, grossly resected, but with evidence of
microscopic residual. The presence of microscopic residual disease makes this
group different from group IIb, and nodal involvement makes this group
different from group Ila.

— GroupIII: Incomplete resection or biopsy with gross residual disease.

— Group IV: Distant metastatic disease present at onset (e.g., lung, liver, bones,
bone marrow, brain, distant muscle, and nodes). This excludes regional nodes
and adjacent organ infiltration which places the patient in a more favorable
grouping (as noted above under group II).

With modern management of orbital RMS, extensive surgery that would render

a patient group I or group II is not needed. Distant metastatic tumor at presen-

tation is rare. In the IRS series of 132 patients, only three patients (2.3%) were

in group IV. Thus, virtually all patients would be in group III.

Population characteristics

The first IRS protocol began accruing patients in November 1972, and the second
in November 1978. Through June 1983, 132 patients with orbital RMS were
entered and had confirmation of histologic diagnosis by a pathology review panel.
The upper age limit for registration was 20 years. The treatment results (described
on pages 15-18) are restricted to those patients without distant metastases (three
eliminated) and to those not lost to follow-up in the first month (two eliminated)
leaving a population of 127 patients treated primarily at medical institutions
throughout the United States but including some from the United Kingdom and
Canada. The mean age of the group is 7 years (median 6 years). In the review
of 161 patients by Knowles, the mean age was 7.8 years, but five patients over
age 20 were included. The same review gave a ratio of male to female patients
of 1.7: 1[17]. In contrast, the IRS series was males, 60, to females, 67 (0.9: 1).

The rarity of orbital RMS occurring in non-Caucasians was attributed to
socioeconomic factors by Knowles[17]. In the IRS, 16% were non-Caucasian
children.

Treatment methods

Surgery

The essential role of the surgeon in obtaining tissue to establish histologic
diagnosis is noted in the section on Diagnostic evaluation. A potentially curative

procedure, orbital exenteration, is frequently followed by local recurrence and
therefore has not been practiced since the 1960s [25]. It remains, however, the only
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method to treat the occasional patient with locally persistent or recurrent disease.
It involves removal of all the orbital contents including periosteum and, if
required, portions of the bony walls and sinuses [22].

Radiation therapy

The 1968 report by Cassady ef al., that biopsy followed by high dose megavoltage
radiation controlled orbital RMS in five of five patients established that radiation
was the primary modality for local control and that a tumor dose of approximate-
ly 5000 rad in 5 weeks was required [8]. Their technique consisted of a direct
anterior portal employing either 22.5MeV photons or %°Co teletherapy equip-
ment. When required, supplemental treatment was given laterally to augment dose
to the posterior orbit to ensure homogeneity. A subsequent publication from the
same institution described a similar technique and a tumor dose of 5800 rad in
29 fractions (200 rad/day, 5 days/week)[9].

In the first IRS protocol, the recommended radiation dose to the primary tumor
site was 5000 to 6000 rad using conventional fractionation. It was restricted to
4000 rad for children less than age 5. Patients in clinical group I were randomized
to receive or not receive radiotherapy. Analysis of the study indicated that
radiotherapy was not needed for group I patients. For patients in groups II and
III, tumor doses less than 4000 rad were retrospectively compared to doses of 4001
to 5000 rad and greater than 5000 rad. Although the local recurrence rate was
highest with the lowest dose range, the differences were not of statistical signifi-
cance. At the lowest dose category, the local recurrence rate increased for children
age 6 and older (again not statistically significant) [26]. These findings and, in
addition, the observation of an adverse impact on survival due to tumors greater
than 5 cm diameter in group III patients, led to revised radiotherapy doses in IRS
I1. Radiotherapy was omitted for group I patients. The dose for group IT was 4000
to 4500 rad. For group III (and primary site treatment of group IV patients), the
dose depended on age at diagnosis and post-surgery (pre-chemotherapy) tumor
size (Table 1).

Table 1. Primary site total tumor dose for clinical groups III and IV patients treated in accordance
with the IRS II protocol

Tumor size
Age <5cm >5cm
<6 years 4000-4500 rad 4500-5000 rad

>6 years 4500-5000 rad 5000-5500 rad
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The daily dose was 180-200 rad/day, five fractions/week.

Local and local plus regional recurrence rates were tabulated for the first 640
IRS II patients evaluated in groups II, III and IV. The overall local and local plus
regional recurrence rates were 12% and 18%, respectively. Though the local
recurrence rate was higher (15%) in patients receiving less than 4000 rad, there
was no statistical evidence that it differed according to radiotherapy dosage (p
>0.3). It also did not differ within clinical groups, or by tumor size (greater or
less than 5 cm). There was moderately strong evidence that local recurrence rates
differed significantly by age group (p <0.02), the highest local recurrence rate
being 28% in patients under age 1 year. Within each age group, however, there
was no significant variation by radiation dose. For the category of patients under
age one year, those that got less than 4000 rad (median 2000 rad) had a local
recurrence rate of 50%. It was 20% in the remainder of the under 1 year olds
who got more than 4000 rad [27]. However, all these infants also received lower
doses of chemotherapy than children over a year of age.

Among the IRS group I and II patients with orbital RMS, the local plus regional
recurrence rate did not differ significantly whether the tumor dose was less than
or greater than 4500 rad. In fact, the only relapses in the lower dose group were
in patients getting 3000 rad or less. The lowest doses at which control was achieved
were 3600 to 3900 rad.

Additional analysis of all IRS I and II group I patients not getting radiotherapy
revealed that local plus regional recurrence was significantly higher in unfavorable
histology patients compared to favorable histology patients (p <0.001) [28].

These various observations have led the IRS committee to establish specific
tumor doses in the study (IRS III) which began entering patients November 1984.
All radiation treatments to primary tumors are to be administered at 180 rad/day,
5 days/week. For group I (unfavorable histology patients only) and group II
patients, the tumor dose is 4140 rad. The total doses for clinical groups III and
IV (primary site) are listed in Table 2. Doses vary according to age and pre-chemo-
therapy size but not histology. Orbital RMS will rarely exceed 5 cm diameter so
that the tumor dose will be 4140 rad for about one-half of patients and will be
4500 rad for most of the remainder.

Table 2. Primary site total tumor dose for clinical groups III and IV patients treated in accordance
with the IRS III protocol

Tumor size
Age <5cm >25cm
<6 years 4140 rad 4500 rad

>6 years 4500 rad 5040 rad
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Figure 4. (A) A right lateral radiation therapy simulator X-ray indicating the generous margins
employed in encompassing the orbit as part of a wedged-field, two-port plan. The dark, crayoned
lines posteriorly indicate the position of a shield to protect portions of the frontal lobe, brain stem
and temporal lobe. Anteriorly, the shield lines denote protection of the lens. (B) The companion
anterior simulator film shows that the medial border extends to the opposite bony canthus.

Proper radiation technique requires that the child be immobilized with a
method that is reproducible on a daily basis. A custom prepared plaster-of-Paris
cast is ideal [29]. The child must be supine with the neck slightly extended so that
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Figure 5. A computerized radiation isodose treatment plan in a transverse plane through the orbits.
The limits of the right orbit are denoted by the dotted line (large arrow) and the contralateral lens
and sella turcica by small arrows. The 100% isodose line (dark, solid line) encompasses the orbit.
‘R’ and ‘L’ indicate ‘right’ and ‘left’.

the eye at rest looks vertically. If under age 3 years, sedation will probably be
required [29, 30]. An occasional 2-year-old child may require Ketamine anesthes-
ia[31].

Treatment planning should be done with the patient in the immobilization cast
to be used during actual treatment. The six borders of the treatment volume are
defined at the time of simulation [32] (Figure4). They will generally be 2cm
beyond the bony borders of the orbit but this will vary with the size of the tumor,
extent of invasion, patient age, and machine characteristics. Superiorly, the port
must be above the orbital roof which is slightly above the superior orbital rim.
Inferiorly, it is below the orbital floor and includes the infraorbital foramen.
Laterally, it includes the ascending zygomatic bone. Medially, it extends to the
opposite medial canthus in order to provide a generous margin beyond the thin
bones of the ethmoid sinuses. Posteriorly, the portal must be behind the orbital
fissure. The anterior border will be anterior to the tumor mass. When a lateral
treatment portal is used, it must be angled posteriorly to avoid radiation to the
contralateral lens. The use of megavoltage treatment equipment (®°Co to 6 MeV)
is mandatory. This will minimize photoelectric absorption of radiation dose in
bone and afford a skin-sparing effect which will reduce corneal and conjunctival
dose from an anterior port. The lids of the treated eye should be held open to
eliminate the bolus effect they would have so as to preserve maximal dosage
sparing of the cornea.
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Computerized treatment planning should be performed to determine the best
method to achieve homogeneous coverage of the treatment volume. In small
children, a single, direct anterior port may suffice, but in general a wedged-pair
technique employing a lateral port in addition to an anterior port will ensure full
tumor dose posteriorly (Figure 5). At the time of first treatment, and at least
weekly thereafter, portal verification X-rays should be taken by the treating
technologist and compared to the simulation films by the radiation oncologist.
The physician must also personally assess the patient in the treatment position
and the technical set-up periodically. He should also re-examine the patient once
a week. The tumor may regress rapidly during radiotherapy necessitating revision
of the technical set-up parameters.

Chemotherapy

The landmark study of Heyn ef al. demonstrated that chemotherapy eradicated
occult, metastatic RMS [12]. Orbital RMS probably has a lower rate of occult
disseminated tumor than most other sites based on the finding of Abramson et
al. that, with radiation alone, 70% of children receiving radiotherapy were 5-year
survivors [10]. Since all tumor deaths occurred within 3 years, the survivors are
presumed to have been disease-free. This finding would imply that as many as
30% of similar patients would harbor occult metastases at diagnosis. When these
patients received adjuvant chemotherapy, they had a better 3-year survival rate
if their primary disease was limited to the orbit (without sinus invasion). Although
the trial was not randomized, and the relapse sites by treatment group were not
specified, one may safely assume that the chemotherapy played a role in reducing
local or distant treatment failure or both.

Abramson et al. began vincristine and cyclophosphamide on the day of
diagnosis and radiotherapy within 24 h. Actinomycin D was begun after radiation
(week 18) and continued for 9 months. Vincristine was stopped after 12 weeks
and cyclophosphamide after 2 years[10].

In both IRS I and IRS II, patients were randomized by clinical group and not
by primary site. For that reason, children with RMS of the orbit could have
received one of five regimens in the first study or one of six regimens in the second
study. The specific drugs, doses, and schedules are described for IRS I in reference
33 and IRS II in reference 34.

The majority of the orbital RMS patients were in group III. In IRS I,
radiotherapy began 6 weeks after the first day of chemotherapy. The group III
chemotherapy was either ‘pulse’ VAC:

— vincristine, 2mg/m? i.v. weekly x 12 (top dose 2 mg);
— actinomycin D, 0.015mg/kg/day i.v. x 5 (top dose 0.5 mg); course repeated

x 4 in 54 weeks;
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- cyclophosphamide, 10 mg/kg/day i.v. days 1-5; course repeated orally days

84-90, then 2.5 mg/kg/day p.o. from day 140 to 24 months;
or, ‘pulse’ VAC as above plus:
~ adriamycin, 60 mg/m? i.v. (single dose) at weeks 5, 18, 27, 39, and 51.

In IRS II, group III patients received either repetitive ‘pulse’ VAC courses:
vincristine, 2mg/m? i.v. weekly x 12 (top dose 2 mg);

actinomycin D, 0.015mg/kg/day i.v. x 5 (top dose 0.5 mg);
cyclophosphamide, 10mg/kg/day i.v. x 3;

cyclophosphamide, 20 mg/kg i.v. days 21, 42 and 63.

Beginning week 12 and every 4 weeks to 24 months:

— vincristine, 2mg/m? i.v. days 0 and 4 (top dose 2 mg);

— actinomycin D, 0.015mg/kg/day i.v. x 5 (top dose 0.5 mg);

— cyclophosphamide, 10mg/kg/day i.v. x 3;

or they received repetitive ‘pulse’ VADRC courses substituting adriamycin for
actinomycin D (above) in alternate courses for the first year of treatment. The
adriamycin dose is 30 mg/m? i.v. on days 0 and 1, then 21 and 22 initially, and
then on days 0 and 1 of each VADRC course.

In both IRS I and II, and subsequently in IRS III (vide infra), drug dosages
are reduced by 50% in children under a year of age to reduce toxicity. If tolerated,
dosages are increased to 75% and then 100% of recommended amounts.

In each schedule, radiotherapy would begin at week 6.

Even more intensive chemotherapeutic regimens were devised for IRS III,
group III patients; however, recognizing the success attained for patients with
orbital primary (see ‘Treatment results’) and selected other head and neck
sites [35], these patients were exempted from the randomization for other group
III patients if the tumor was favorable histologically. Instead, they receive:

— actinomycin D, 0.015mg/kg/day i.v. x 5 (top dose 0.5mg), initially, then
every 9 weeks x 5 courses;
— vincristine, 2mg/m? i.v. (top dose 2mg) weekly x 6 beginning each 6-week

course on days 21, 84, 147, 210, 273 and 336.

Radiotherapy begins on day 14. In the initial 14 days of treatment, determination
of histology (favorable or unfavorable) is made. Orbit RMS patients with unfa-
vorable histology would be randomized to one of three regimens each featuring
a ‘backbone’ of vincristine, actinomycin D, and cyclophosphamide to which is
added (in the second regimen) cisplatin, and (in the third) cisplatin and VP-16.

All the drug regimens described and, in particular, the ones for patients with
unfavorable histology, carry a risk of lethal toxicity and must therefore be
administered only by pediatric oncologists. The treatment concepts of IRS III are
investigational and should not be employed for non-study patients until the results
are known to be better than those achieved in IRS I and II.

|
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Treatment results

The patients entered on IRS I and II with orbital RMS each met three eligibility
requirements: age less than 21; no prior chemotherapy or radiotherapy; and
submission of their histologic material to an expert panel of referee pathologists
who confirmed the diagnosis. The resulting group of 132 children and adolescents
constitute the largest series of patients with orbital RMS reported.

Study population

As noted above (Population characteristics), five patients were excluded from the
analysis of results. Three had distant metastases at diagnosis, and two were
withdrawn from the study in the first month and were lost to follow-up. The
remaining 127 patients had been randomized to particular treatment regimens
based on their clinico-pathologic group. Actual treatment administered, however,
may have differed substantially in some cases from the written requirements due
to either patient or physician non-compliance. For purposes of this analysis,
however, no additional patients were excluded even though their treatment may
have been inadequate by protocol requirements.

Of the 127 patients, 87% were Caucasian, 47% were male, and 53% were
female. The mean age was 7 years, the median age was 6 years, and 90% were
age 12 or less. Seven patients had unfavorable histology (alveolar) by conventional
classification, and ten different patients had unfavorable histology by the propos-
ed cytologic classification [18]. Clinical group distribution was: I, 6%; II, 24%;
and III, 70%. Median follow-up was 5 years (range 1 week to 11 years).

Only seven patients had exenteration at diagnosis. One hundred twenty-two
patients received radiotherapy, with a dose range from 3000 to 6400 rad. About
one-half of patients received a dose from 4500 to 5500 rad. All patients received
at least one chemotherapy course.

Results

Of the seven children who had orbital exenteration at diagnosis, two were
rendered clinical group I (no gross or microscopic residual tumor), and both were
randomized to receive local radiotherapy on IRS I[33]. Neither relapsed. The
remaining five patients were clinical group II and therefore received radiation.
One relapsed locally. Thus no child avoided radiotherapy because of exenteration.

Five patients were group I as a result of surgery that spared the eye. Three who
were randomized to receive radiation are disease-free. Of the two not given
radiation, one relapsed locally. Another local relapse occurred among the 26
group II patients who had an eye-sparing operation.
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Figure 6. Actuarial plot of disease-free survival of 127 children with orbital RMS. At 5 years, the
proportion alive and continuously disease-free is 88%.

Eighty-nine patients were in group III. Of the total of only ten relapses (8%)
in the entire study, seven were in this group. The relapse risk was not influenced
by clinical group. The actuarial (Kaplan-Meier estimate) S5-year relapse-free
survival rate is 88% (Figure 6). The 13 patients who comprise the ‘not disease-free’
group include three who died without evidence of disease (sepsis, two; second
malignancy, one). Another four who relapsed in the orbit had successful salvage
therapy (exenteration in three; radiotherapy in one) and remained disease-free an
additional 4 to 32 months. The remaining six patients died of disease. Their site
of initial relapse was orbit in three and regional nodes in three. One of the three
orbital relapses and two of the three nodal relapses occurred in children less than
age 12 months. Not one child had an initial relapse in the form of distant
metastasis.

Local-regional control was achieved initially or by salvage therapy in 121
patients (95%). The efficacy of radiotherapy and chemotherapy in achieving local
control is best assessed in group III patients (biopsy only). Of 87 such patients,
five had relapse in the orbit, for a local control rate of 94% which increased to
98% after salvage surgery.

All relapses occurred by 4 years. None were in the 17 patients who had
unfavorable histology by either classification system. Nine of the ten relapses were
seen in girls (p <0.001). There is no explanation for this observation, although
a similar disparity in relapse risk by gender was found for RMS patients with
primary tumors in other head and neck sites except for those in the high risk
parameningeal sites [35]. Three of ten relapses were among the five children 12
months or younger at diagnosis (p <0.01).
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Figure 7. Five years after radiotherapy (5600 rad) and chemotherapy in accordance with IRS protocol
I, this 14-year-old white female exhibits the sequelae of enophthalmos, ptosis, and partial eyebrow
and eyelash epilation.

Treatment morbidity and complications

Treatment morbidity may be classified according to location (local, systemic);
etiology (surgery, radiation, chemotherapy); and time (acute, chronic). Systemic
toxicity related primarily to chemotherapy is beyond the scope of this chapter.
The reader is referred to standard texts [29, 36]. Of the 127 IRS patients with
orbital RMS, two died of sepsis while on therapy. Two others subsequently
developed acute myelogenous leukemia of whom one died.

In the absence of radiation, systemic chemotherapy can produce ocular morbid-
ity [37]. Changes including blurred vision, conjunctivitis, photophobia, eye pain,
and diplopia have been described [38]. These are unlikely to be distinguished in
the child also receiving orbital radiotherapy; however, chemotherapy of the types
used for RMS may enhance the ocular side effects of radiation [39, 40].

Acute toxicities of orbital radiation include keratitis, conjunctivitis, tearing,
and photophobia [17]. Erythema and dermatitis occur and are potentiated by
actinomycin D. Chronic changes may include conjunctival neovascularization,
corneal ulceration, xerophthalmia, and vaso-obliterative retinopathy [17, 25]. All
patients develop cataracts 1 to 3 years post treatment which are amenable to
surgery if required. In younger children, impaired growth of facial and orbital
bones occurs with a resulting cosmetic deformity. This varies with age at treatment
and radiation dose.

At worst, corneal, retinal, and lacrimal gland changes may leave a painful eye
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without useful vision. Enucleation may be necessary, as it was for one-third of
the 58 patients in the series reported by Abramson ef al. [10].

Heyn et al. have tabulated the late effects of therapy in 50 IRS I orbital RMS
patients. Patients experienced infections, structural, and functional problems.
Chronic infections were most frequent following exenteration, but in a patient
who had less extensive surgery, cellulitis developed and necessitated enucleation.
Numerous structural defects occurred, the most common being cataracts in 90%.
Bony hypoplasia was seen in half the patients with most having consequent facial
asymmetry. Less frequent changes were seen in the cornea, and ten children had
enophthalmos (Figure 7). Seven had lacrimal duct stenosis. Vision loss (complete
or partial) occurred in 90% of the patients evaluated and correlated closely with
the presence of cataracts. Eight children had cataract surgery and improvement
was observed in those patients in whom postoperative vision testing was reported.
Secondary enucleation was performed in four of 44 children. Twenty-seven of the
44 children (61%) had reduction in growth velocity sufficient to reduce their
expected height by more than 20 percentile levels. In 12 of the patients, the
decrement exceeded 40 percentile levels[41]. This complication follows the
impairment of growth hormone production that is a known consequence of
incidental pituitary radiation [42]. Its recognition is imperative, since it is reversi-
ble with the administration of growth hormone [42].

Summary

Prior to the 1960s, the child with orbital RMS would inevitably face surgery
entailing sacrifice of the eye with only a modest prospect for local tumor control
or survival. The fundamental concept of radiation dose response was tested and
affirmed by Drs. Cassady, Sagerman, Tretter, and Ellsworth [8]. They established
that orbital RMS had a high rate of local control with carefully planned megavol-
tage radiotherapy and that the affected eye could continue to function. Heyn and
her colleagues in the Children’s Cancer Study Group employed the concept of
combination chemotherapy and demonstrated in an early, prospectively random-
ized trial that adjuvant chemotherapy was an essential component to the multimo-
dality treatment of RMS[12]. With the advent of the single disease clinical
cooperative group (IRS) in 1972, it became immediately possible to extend the
modern management of RMS nationwide and to begin refining, and eventually
reducing, the treatment for RMS of the orbit. The improvement in survival
achieved by the first and second IRS protocols for orbital RMS is virtually without
precedent in modern oncology. The management outlined in ‘Treatment methods’
constitutes the current standard of care. Reduction of morbidity and late effects,
and improvement in vision remain crucial, but attainable goals.
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protective role of skin pigmentation [8-10]. When non-Caucasians develop me-
lanoma, they do so in less deeply pigmented parts of the body, and in the head
and neck region, specifically in the oral mucosa [10]. The etiology of the disease
in non-Caucasians is presumably different from that in Caucasians. Although
conclusive proof is lacking, by epidemiologic observation, solar exposure is
strongly implicated as the most significant etiologic factor. Lancaster first de-
scribed the significant effect on the incidence and mortality of melanoma by the
latitude of residence [11]. Within each region studied, both mortality and inci-
dence increased significantly as the equator was approached. This observation has
been corroborated by many investigators. The significance of the duration of
exposure to sunlight is underscored by the observation that in Israel the incidence
of melanoma is highest among Israeli natives of European extraction, intermed-
iate for those European-born but long-term residents in Israel, and lowest for the
newly arrived European-born immigrants [12].

Despite these data, the role of cumulative sun exposure in melanoma pathogen-
esis has been questioned because of the high incidence in urban dwellers and in
professional and administrative workers who would not be expected to have
protracted solar exposure [13-15]. It has been observed that melanoma patients
have had a greater number of sunburns than controls, and it appears that the
pattern of solar exposure may be as important as the total duration of expo-
sure [16]. Hormonal factors have been implicated in the etiology of melanoma,
since the prognosis is better for women than men, even when corrected for stage
and age [17, 8]. Interestingly, the survival advantage noted for women disappears
in the post-menopausal subgroup [17].

Clinical differential diagnosis

There are many pigmented cutaneous skin lesions that must be distinguished from
melanoma, and if doubt exists as to the true nature of a lesion, consultation with
a dermatologist should be obtained and a biopsy performed. Common acquired
nevi, pigmented seborrheic keratoses, and pigmented basal cell carcinomas often
resemble superficial spreading melanomas; likewise, dermatofibromas, Spitz
nevi, and hemangiomas may resemble nodular melanomas.

Common acquired nevi, which are proliferative aggregates of normal-appear-
ing melanocytes, are of three types — junctional, compound, and dermal. These
distinctions are made primarily by the histological appearances, which correlate
with‘the clinical appearance [18]. Histologically, junctional nevi consist of aggre-
gates of morphologically normal melanoctyes in the basal layer of the epidermis
with foci of extension into the upper dermis. Clinically, these lesions are flat,
circular, small (usually less than 5mm in diameter), and a homogeneous tan or
brown in color. A superficial spreading melanoma, on the other hand, is mottled
and variegated in coloration, with a notched irregular margin.
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Compound nevi have melanocytes in both the epidermis and dermis, and in the
deeper dermis, the cells may lose pigment and have a clear cytoplasm. These
lesions are distinguished from superficial spreading melanomas in vertical growth
phase by the slowness of nodule development and by the orderly pattern of
coloration and regular margin.

Dermal nevi, as the name suggests, have only a dermal component that in
histologic appearance is similar to the dermal component of a compound nevus.
Usually these lesions are devoid of pigment, and, since an entirely amelanotic
primary melanoma is such a rare lesion, it may be differentiated on this basis.

Pigmented seborrheic keratoses have a dull, waxy surface that is studded with
keratin plugs. The lesions are tan to dark brown in color and appear to be only
stuck to the skin surface. Indeed, the lesions can be scraped from the skin surface,
in contradistinction to melanomas which are firmly anchored to the skin and
cannot be scraped off.

Pigmented basal cell carcinomas, because the melanin pigment is confined to
the dermis, are not true brown or black, but bluish, red-brown, or gray-white.
Careful examination with side-lighting and a hand lens may reveal the peripheral
ring of tumor (‘pearling’ of the border) and telangiectasis that are characteristic
only of basal cell carinoma [19].

Dermatofibromas are firm nodules, usually less than 1 cm in diameter, with a
uniform moderate or dark pigmentation. Commonly they occur on the extremities
of middle-aged women, and the application of lateral pressure will produce
dimpling, in contrast to melanomas, which protrude above the skin [20].

The Spitz nevus, first described in 1948 and known by a variety of names,
including juvenile melanoma, presents a major problem in clinical and histologic
diagnosis [21]. A rapidly growing, small (6-7 mm), dome-shaped, pink to red
lesion suggests the diagnosis. Histologically, the cells are often fat, elongated, and
devoid of pigment; multinucleated giant melanocytes are frequently present [22].
The treatment of choice is excision.

Hemangiomas can be differentiated from nodular melanomas by their globoid,
dark blue-red or purple color and by significant blanching of the lesion when
pressure is applied with a glass slide.

Classification of head and neck melanoma

On histological and clinical grounds, the most common head and neck cutaneous
melanomas are superficial spreading melanomas (SSM), nodular melanomas
(NM), and lentigo maligna melanomas (LMM). At Duke, 49% (196 of 399) were
superficial spreading melanomas, 35% (140 of 399) were nodular melanomas, and
only 16% (63 of 399) were diagnosed as lentigo maligna melanoma [8]. The correct
recognition of the three dominant types of head and neck melanoma will allow
for clinical diagnosis at a stage of development when the disease is curable. SSM
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and LMM are characterized by the gradual and indolent peripheral enlargement
of flat, irregularly pigmented, primary lesions. This period of centrifugal growth
lasts for years and is known as the radial growth phase. During this time, it
acquires little or no competence to metastasize and may be treated by local
excision. Focal, deep penetration begins the vertical growth phase, and it is the
extent of this growth phase that forms the basis for the Clark’s level of invasion
and the Breslow tumor thickness measurements that presently are used for
prognosis and contribute to staging of the disease. Since NM is composed
exclusively of a vertical growth phase, it is the most malignant of the three
varieties; in our series, both SSM and LMM had a better prognosis than NM (p
= 0.03). There was no significant difference in survival between SSM and
LMM [8].

SSM accounts for approximately 70% of all cutaneous melanomas in Cauca-
sians, and in many series is intermediate in survival prognostication. Early lesions
appear as irregular combinations of tan, brown, blue, and black, with shades of
rose and pink usually being present. Marked variation in color, marginal notch-
ing, and loss of skin creases distinguish this lesion from the more common
intraepidermal or junctional nevus.

NM, constituting 12% of all cutaneous melanomas is the second most common
head and neck melanoma, and has the worst prognosis. NM is composed
exclusively of a vertical phase, with melanoma cells generally producing little host
cellular response as deep dermal invasion proceeds. The lesions progress rapidly
over several months to a year, with even the earliest lesions being raised. Earlier
lesions are gray and pink, while later lesions give way to a blueberry-like,
blue-black color. Early diagnosis and therapy are thwarted by the lack of an
indolent radial growth phase.

The best prognostic type of head and neck melanomas is LMM. Constituting
approximately 15% of all melanomas, it occurs most commonly on areas heavily
exposed to the sun, such as the head, neck, and dorsum of the hands. The median
age of patients with LMM, approximately 70 years, tends to be older than that
of patients with SSM or NM. The radial growth phase of LMM precedes the
development of vertical growth by decades, thereby facilitating early diagnosis
and treatment. The vertical growth phase, however, is associated with metastases
in 25% of cases [23]. The early lesions are large, flat, and tan or brown in color.
Later, focal elevation occurs as the vertical growth phase is entered, while the
original tan-brown pattern of the radial growth phase persists. The minimal
elevation of the radial growth phase and the lack of rose or pink colors dis-
tinguishes LMM from SSM.

Definitive diagnosis and staging

Careful clinical examination is still the foundation of accurate staging. The site,
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size, color, and topography of the lesion should be carefully noted. Head and neck
melanomas are often conspicuous on examination and account for approximately
25% of all cutaneous melanomas. The majority of head and neck melanomas
occur on the face [24]. Of head and neck sites, the cheek is the most common site,
with the neck (7%), external ear (7%), and scalp (3%) being much less fre-
quent [25, 26]. Posterior scalp, neck, and ear lesions carry a significantly poorer
prognosis than other head and neck sites [8, 27]. The surrounding skin and
subcutaneous tissues should be visually examined and palpated to locate any
satellite lesions or regional metastases, and the entire body surface should be
examined for additional precursor lesions or primary melanomas.

The nodal groups should be examined, since as many as 36% of patients will
demonstrate clinical evidence of nodal metastatic disease at the time of the initial
presentation. The primary lesion is occult in up to 15% of patients [28, 29]. In
such cases, a careful history with regard to complete regression or previous
excision of a pigmented lesion should be obtained, and careful examination of
the anatomic sites which drain to the affected lymph nodes should be performed.
If metastatic disease is suspected, laboratory studies should include a chest film,
a complete blood count, and a blood chemistry profile. Liver function tests,
particularly the lactic dehydrogenase (LDH) and gamma glytamyl transpeptidase
(GGTP) are of use in detecting liver metastases, although any elevation in LFT’s
should be followed up by radionuclide scan or CT [30, 31]. Routine liver, bone,
and brain scans are not helpful in detecting metatases [32, 33]. Tomographic
gallium-67 citrate scanning, however, may help to locate visceral metastases other
than brain [34]. Computed lung tomography has been shown to be of diagnostic
value in detecting occult metastasis in patients without suggestive routine chest
roentgenograms [35].

The use of lymphangiography in the pre treatment evaluation of melanoma
patients remains problematic, although it has been reported to be of benefit in
directing the subsequent therapy in cervical melanomas [36]. Little data is avail-
able on head and neck lymphangiography, and even in anatomic sites where it
is frequently used (such as the lower extremities), false positive and false negative
diagnoses are common. While metastases could not be dependably identified,
useful information for the design and execution of lymphadenectomy operations
can be derived from lymphangiography in sites where primary drainage routes
could be quite variable [37].

Lymphoscintigraphy, using technetium-99 antimony sulfur colloid, is frequent-
ly utilized at the Duke University Comprehensive Center to identify patterns of
regional lymphatic drainage [38]. For lesions of the posterior scalp, or areas of
indeterminate primary drainage, lymphoscintigraphy is helpful in determining the
primary afferent lymphatic channels. With this information therapeutic decisions
can be made about which areas (posterior neck dissections, standard neck dis-
sections, and superficial parotidectomies) should be included in the lymphadenec-
tomy. Lymphoscintigraphy is thus an excellent in vivo test for demonstrating the
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functional anatomy of the reticuloendothelial system and the nodal groups at risk
for developing metastatic disease. While it does not prove that a nodal group is
harboring metastases, lymphoscintigraphy can direct the surgical effort and often
results in a decrease in the extent of the indicated surgical procedure.

Any lesion suspected of being a malignant melanoma should be biopsied, and,
when feasible, an excisional biopsy with adequate uninvolved margins should be
performed [39-41]. If a lesion is too large or located in a functionally or cosmeti-
cally critical area, an initial incisional or punch biopsy may be performed. In
either event, wide local excision for definitive management of malignant melano-
ma should not be performed without a biopsy-proven diagnosis. Patient progno-
sis, it should be recognized, is not adversely affected by either prior excisional
or incisional biopsy [41].

Both adequate surgical sampling and proper histologic sectioning are required
to give accurate microstaging: The surgical specimen must be cut at frequent
intervals, perpendicular to the skin surface, at right angles to the long axis
throughout its entire length.

Clark et al. proposed five anatomic levels of tumor invasion in malignant
melanoma, and noted that the level of invasion correlated with the prognosis [42].
With increasing level of invasion, survival decreases, although not necessarily in
a linear manner [42]. The levels are defined as follows:

— Level I malignant cells extend to the dermoepidermal junction but are limited
to the epidermis;
— Level II: malignant cells extend into the papillary dermis;
— Level III: malignant cells fill the papillary dermis and impinge upon the
reticular dermis without actually invading it;
— Level IV: malignant cells extend into collagen bundles of the reticular dermis;
— Level V: malignant cells extend into the subcutaneous tissue.
Breslow noted that the prognosis correlates well with tumor thickness as measured
by an ocular micrometer and concluded that prognostic information provided by
thickness was easier for histopathologists to determine, less subjective, and more
reproducible than determination of Clark level [43-46]. In fact, within individual
Clark levels of invasion, there can be primary melanomas of widely varying tumor
thicknesses [43]. The non-linear, stepwise rise in mortality rate with increasing
tumor thickness for a large group of patients with stage I melanoma has been
analyzed by Day ef al. to develop four divisions[47]. The respective 8-year
survival rates (%) are as follows: less than 0.85 mm (99* 1%); 0.85—1.69 mm
(93 £2%), 1.70—3.64 mm (69 5%), and greater than 3.64 mm (38*6%). Site,
cell type, nodal findings, number of mitoses, inflammatory reaction, and ulcer-
ation also correlate significantly with the prognosis of head and neck melano-
mas [47-49].

Most centers evaluate melanomas on both Clark’s level and Breslow thickness
which makes comparison easier. Much useful information is also provided by the
following commonly used clinical staging system:



251

1. local disease
solitary primary lesion only,
primary with satellites within a 5cm radius of the primary,
local recurrence within a radius of 5c¢m from the resected primary,
metastases within the regional lymphatic drainage area of the primary but
not more than 5cm from the primary site;
2. regional nodal disease;
3. disseminated disease.
The clinical and surgical TNM staging system proposed by Beahrs and Myers
(1983) uses both the level of invasion and maximum measured thickness to
determine the T classification [5S0]. Primary tumors with satellite lesions or
nodules within 2 cm of the primary tumor are considered as T,. Satellite lesions
or nodules within the regional nodal distribution, beyond two centimeters from
the primary, are considered to be in-transit metastases and are included under the
N categories. Stage grouping is designed to reflect the differing prognoses for
patients with specific amounts of localized disease, as quantified by histologic
microstaging. The delineation of prognostic groups by this staging system is more
accurate than by any previous staging system [50].
The TNM classification (AJC, 1983) is as follows [50]:
Primary tumor (T)
T, No evidence of primary tumor (unknown primary or primary tumor
removed and not histologically examined)
Ty, A typical melanocytic hyperplasia (Clarck level I); nota malignant lesion
T, Invasion of papillary dermis (Clark level II) or 0.75 mm thickness or less
T, Invasion of papillary-reticular-dermal interface (level III) or 0.76-1.5 mm
thickness
T; Invasion of the reticular dermis (level IV) or 1.51 to 4.0 mm thickness
T, Invasion of subcutaneous tissue (level V) or 4.1 mm or more in thickness
and satellite(s) within 2 cm of any primary melanoma
Nodal involvement (N)
N, Nodes cannot be assessed
N, No regional lymph node involvement
N, Involvement of only one regional lymph node station; node(s) movable
and not over 5cm in diameter or negative regional lymph nodes and the
presence of less than five in-transit metastases beyond 2 cm from primary
site
N, Any one of the following: (1) involvement of more than one regional
Ilymph node station, (2) regional node(s) over 5cm in diameter or fixed,
(3) five or more in-transit metastases or any in-transit metastases beyond
2cm from primary site with regional lymph node involvement
Distant metastasis (M)
M, Not assessed
M, No known distant metastasis

COowp
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M, Involvement of skin or subcutaneous tissue beyond the site or primary
lymph node drainage

M, Visceral metastasis (spread to any distant site other than skin or subcuta-
neous tissues)

Stage grouping

1A T,NoM,
B T,NM,
A T5NM,
1B T,NM,

IIT  Any TN;M,
IV Any T, N;M, or any T, any NoM,; or M,

Treatment

Currently, head and neck melanomas are treated by four modalities: surgery,
immunotherapy, chemotherapy, and radiotherapy. In our series, all modalities
were used as indicated with a five-year actuarial survival for the entire population
of head and neck cases of 55%, and with a median survival of 67.1 months [§8].
Median survival was 63.5 months for males, and 81.4 months for females —
statistically not significant because of the population size, but with a clear trend
to greater longevity for females. Five-year actuarial survivals of 65.4%, 80% and
33.5% have been reported by Ames[51], Das Gupta [52] and Knutson [53].

Surgery for head and neck melanomas

Margins of resection

Historically, Handley, in 1907, in his treatise on the pathologic evaluation of the
centrifugal dermal lymphatic permeation of malignant melanoma, recommended
wide local excision [54]. His treatise, however, was based on a single autopsy study
of the distribution of tumor in the lymphatics surrounding cutaneous metastases,
not primary tumors. More convincing than the theoretical reasons for wide
excision of a primary melanoma are the empirical justification for it: limited
excision has a high likelihood of recurrence associated with it, and local recurrence
has exceedingly bad prognostic implications. Wilson reported a 57% local recur-
rence rate in 49 patients whose primary melanoma was treated by excisional
biopsy alone, as compared to only 3% in 73 patients treated by wide excision of
the primary [55]. Local recurrence, after excision of the primary, may be within
5cm of the site and be termed arbitrarily ‘satellitosis’. Also by convention,
recurrence more than 5cm from the primary is termed ‘in-transit’ metastatic
disease. Either pattern of local recurrence is associated with a very poor prognosis,
with reported 5-year survival rates for patients with local recurrence ranging from



253

14-45% [56-61]. Nevertheless, it is becoming clear that local recurrence of a thin
(1 mm) melanoma is rare, regardless of the extent of resection [62, 63]. In the head
and neck, to preserve functionally and cosmetically significant structures, not
excising large areas (the traditional 5 cm margins) of surrounding tissue unneces-
sarily is to be greatly encouraged. Minimal safe margins have not been established
for thin lesions (< 0.76 mm), since local recurrence is so rare, but it is generally
recommended that for lesions less than 0.76 mm and for lentigo maligna melano-
ma, 1-2cm margins are acceptable. The limited surgical defects created by
narrower margins around a melanoma may be closed primarily or by local flaps,
and split thickness skin grafting is not required. Neither the method of closure
not the removal of fascia alters the prognosis [64, 65].

Treatment of regional lymph nodes

Correct management of the regional lymphatics in the treatment of head and neck
melanoma is controversial. Although the regional Ilymph nodes are the most
common sites of initial metastases, it is controversial as to whether lymphadenec-
tomy for occult lymph node metastases is of benefit [66]. Guidelines for perform-
ing a therapeutic neck dissection are the following: (1) the primary lesion and/or
the regional lymph nodes are surgically resectable; (2) survival time is expected
to be greater than 6 months in duration; (3) distant metastases are limited; (4)
the general medical condition of the patient permits surgery. Local control of the
disease can prevent skin breakdown and disfigurement. It should be emphasized
that approximately 20-30% of these patients will survive for 5 years, and all tumor
burden should therefore be eliminated.

Factors such as type of melanoma, presence or absence of ulceration, level and
depth of invasion, size and location of the primary, age, sex and condition of
patient, are all important prognostic indicators. There is confusion in the litera-
ture regarding the value of immediate or delayed cervical lymphadenectomy
because of the lack of controlled studies taking into account the numerous
prognostic indicators. Also many series evaluating the effectiveness of elective
neck dissection include the head and neck area with other body sites. Data from
this institution indicate that melanomas of the head and neck are biologically
different from trunk and extremity primaries and should be analysed indepen-
dently [8].

Patel reported that the cervical lymph nodes are the primary site of metastases
from head and neck primaries [66]. The theoretical basis for elective neck dis-
section (END) is based on the assumption that the natural history of melanoma
develops in an orderly course of metastasis first to regional lymph nodes and then
to distant sites. Thus, by removing micrometastases and occult disease within
regional lymph nodes, survival should increase and metastatic disease lessen. This
is suggested by the poor survival statistics for delayed lymphadenectomy and the
decreasing survival rates as the number of pathologically involved lymph nodes
increases [67, 68].
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The incidence of occult disease increases in proportion to increasing thickness
of the primary lesion. It has been reported for all head and neck sites that the
risk of regional metastases varies with thickness: 0% for lesions less than 0.75 mm;
24% for lesions 0.76 mm to 1.49 mm; 57% for lesions 1.5 mm to 3.99 mm; 62%
for lesions greater than 4 mm [69, 70, 72]. Since the incidence of metastatic spread
is so low for lesions less than 0.76 mm, elective neck dissection would not be of
significant benefit. Likewise END for lentigo maligna is not necessary.

For superficial spreading and nodular melanomas of the head and neck, lesions
0.76 mm to 4.0mm have reported rates of occult nodal metastasis at surgery
ranging from 14-44% [67, 72]. The precise metastatic rate may be higher since
50-60% of patients who did not undergo END for intermediate thickness melano-
mas developed clinical evidence of nodal involvement [69, 73]. Thus for localized
intermediate thickness melanomas (0.75 mm to 4.0 mm) elective neck dissection
appears to be indicated on the basis of the likelihood of occult nodal involvement.

For deeply invasive head and neck melanomas (thickness greater than 4.0 mm),
improved survival with elective lymph node dissection has been suggested by a
number of authors [67, 74, 75]. Ames’ study points out that it has been consistent-
ly reported that the survival of patients who have only microscopically positive
nodes is better than the 5-year salvage in patients who have evolved positive
nodes [73]. This comparison has been a traditional part of the rationale for
elective neck dissections, and this seems to be sound logic. Unfortunately, since
only 20-30% of patients actually have regional subclinical disease, 70-80% of
patients would undergo neck dissection without the presence of any nodal disease.
Even if subclinical disease is discovered, elective neck dissection is not a guarantee
of survival. The key is that if the findings of subclinically positive nodes could
direct effective subsequent adjuvant therapy for those who actually have regional
disease, elective neck dissection will have a certain and beneficial role. It is for
this reason that at Duke University Medical Center chemotherapy is recommend-
ed for those cases with five or more positive nodes on elective neck dissection,
and data is being collected by protocol.

Some authors assert that there is no benefit from elective neck dissection (END)
as compared to therapeutic neck dissection, since in their series 5-year survival
rates are similar for patients with either END or therapeutic neck dissection
(TND) [76]. Data from this institution does not support this contention, since
patients with stage I disease who received an END had significantly better
prognosis than patients who underwent TND for clinical stage II disease. The
tendency toward better 5-year survival has been reported for patients who
underwent an END with lesions less than 3.5 mm deep and who had fewer than
two nodes pathologically involved [67, 73, 77]. Since prognosis is so poor for
patients with metachronous regional metastases, END has been supported by
several authors at the time of wide excision of the primary [78, 79].

Historically, Clark level, Breslow thickness and stage have been dependable
prognostic indicators of survival. Other factors which have been demonstrated
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to affect the prognosis adversely are: (1) presence of ulceration, (2) nodular
melanoma, (3) advanced age, (4) male sex, (5) location on the posterior scalp and
ear. Ulceration of even a thin melanoma (less than 0.75 mm) may indicate need
for elective node dissection. This is supported by Balch, who reported ten year
survival rates of 60-70% for non-ulcerated axial (head and neck and trunk)
melanoma patients compared to 25% for ulcerated lesions [73].

In view of these accumulated data, elective node dissection can be recommend-
ed for situations in which the risk of occult regional metastases is known to be
high. Thus, those patients with lesions 1.5 mm to 4.0 mm in thickness arising from
any head and neck site should be considered for END. Patients with lesions
0.75mm to 1.5mm thick need to have individualized treatment plans, with
elective node dissection advised particularly for lesions approaching 1.5 mm in
thickness, having ulceration, of the nodular type, or located on the posterior scalp
or ear. In patients with thick (greater than 4.0mm) melanomas, occult
regional and distant metastases is likely (80%) and prognosis is poor [73]. Elective
neck dissection in these cases is unlikely to improve prognosis, but does offer
improved local control, staging information, and preparation for specific active
immunotherapy or adjuvant chemotherapy.

Modifications of the standard classic radical neck dissection (RND) have been
shown to reduce the deformity inherent with RND, and to decrease the associated
morbitity by preserving the spinal accessory nerve. Recent evidence is accumulat-
ing to show that modified neck dissection is efficacious in controlling both
squamous cell carcinoma and selected melanomas [80-82]. Unfortunately, the
term ‘modified neck dissection’ may denote preservation of structures such as the
spinal accessory nerve, the sternocleidomastoid muscle, and the internal jugular
vein or any combination of these structures. Whereas the modified neck dissection
may provide a functionally and cosmetically preferable alternative, statistical
analysis of the effectiveness of these procedures in regard to survival, disease-free
interval and local control is difficult due to small patient numbers and variations
in the definition of a modified neck dissection at different centers.

Immunotherapy

Historically, the most effective immunotherapy has been active immunization
against a specific disease. Melanoma is a highly antigenic tumor. For over two
decades it has been realized that melanoma tumor associated antigens exist. This
has stimulated an intense research effort investigating the recognition of hu-
man melanoma antigens by a patient’s immune system and it is the basis of
immunotherapy of malignant melanoma. Seigler reported the results for specific
active immunization in 719 patients with invasive malanoma [83]. In this series,
the patients were sequentially immunized with 2.5x —107 X-irradiated
neuraminidase treated melanoma cells, and BCG was used for its adjuvant effect.
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Head and neck sites constituted 15% of the cases. Although the results are
encouraging, further controlled studies using this approach are presently under-
way. Currently, at Duke University Medical Center, those patients with stage I
(greater than 0.75 mm thickness) and stage II with less than four lymph nodes
positive are treated with a total of four innoculations at monthly intervals. Those
with secondary lesions are treated with seven innoculations at the rate of one each
month. If these patients develop recurrent disease during treatment, they receive
three additional treatments.

Pre-operatively many investigators have performed intra-lesional adjuvant
therapy using adjuvants such as vaccinia, dinitrochlorobenzene (DNCB), and
Bacillus Calmette-Guerin (BCG). Everall and co-workers performed a prospective
study of the efficacy of pre-operative injection of vaccinia virus into the primary
melanomas with definitive surgery performed 2 weeks post-innoculation [84].
Forty-eight patients were studied, and the disease-free intervals were compared.
At 4 years, a significant benefit was noted for the vaccinia-treated group with
relapses of 20% as compared to 50% for surgery alone. Allocation, however, in
the two treatment groups was not random, and, although the two treatment
groups were comparable in age, the vaccinia virus-treated group contained
significantly more tumors of the superficial spreading type.

DNCB has been used in the pre-operative period by Castermans-Elias to treat
37 patients with clinical stage I melanoma. Of these, 23 were clinically diagnosed
and treated with DNCB before excisional biopsy. In this group of patients, 2 mg
of DNCB was applied to the primary lesions for 48 h and repeated twice at weekly
intervals. After 8 to 19 days, definitive surgery was performed. This was compar-
ed to the 14 patients who were surgically diagnosed and who received DNCB after
surgery. A significant benefit was noted after 3 years of observation, with none
of the 23 pre-operatively treated patients relapsing and four of 14 post-opera-
tively treated patients relapsing [85].

Intralesional BCG has been evaluated by Rosenberg and associates, with 26
patients randomized to receive intralesional BCG or no treatment prior to
definitive surgical excision [86]. The number of patients is small; however, the
therapeutic benefit appears to be significant, with only five of 13 of the BCG
group relapsing and ten of 13 of the control group relapsing.

Based on the above observations, presurgical intralesional therapy and postsur-
gical specific active immunotherapy warrant further investigation in the treatment
of high-risk melanoma patients.

Systemic chemotherapy
Since prognosis for disseminated melanoma is dismal (generally 6-8 months),

initiation of systemic chemotherapy should be guided by drug toxicity and
morbitity versus objective benefit. The single most active agent for the treatment
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of metastatic malignant melanoma is dimethyl triazene imidazole carboxamide
(DTIC) with a reported response rate of 20-30% [87]. The median duration of
response in favorable sites is 5.7 months [88, 89]. The apparent effectiveness of
DTIC prompted several investigators to combine DTIC with other chemothera-
peutic agents with response rates ranging from 19 to 48% in patients with
disseminated melanoma [90-93].

Complications of DTIC include GI and hematologie toxicities. Liver dys-
function can be caused by DTIC, and rarely it may cause acute liver failure
secondary to liver necrosis and veno-occlusive disease [94-97].

Other single agents with well-documented activity against malignant melanoma
are the nitrosoureas, of which BCNU, CCNU, methyl CCNU, and chlorozoticin
are the best known [98-101]. The response rates for these single agent therapies
range from 10% to 18%, with a median response duration of 2-6 months. The
oral nitrosoureas are much more convenient to administer than intravenous
DTIC, but, unfortunately, are not quite as effective and have greater hematologic
toxicity.

Most other single agents have demonstrated little if any antitumor action
against melanoma. Several regimens combining these agents have been used in
phase II and controlled clinical trials to determine which agents potentiate the
activity of DTIC with the least synergistic toxicity [104-115]. Bleomycin, vincris-
tine, and CCNU all have activity against melanoma, although as single agents,
they are not as effective as DTIC[116, 117]. Wasch and associates reported
response rates of 48.5% in stage III melanoma when bleomycin, vincristine, and
CCNU were combined with DTIC [118].

Currently at Duke University Medical Center, a chemotherapeutic protocol is
underway to determine the response rate of patients with disseminated metastatic
melanoma to a combination of bleomycin, vincristine, CCNU, and DTIC
(BOLD)[119]. DTIC is given at 200 mg/m?/day IV push for days 1-5, with a
maximum single dose of 400 mg; CCNU is given at 80 mg/m? p.o. on day 1, with
a maximal single dose of 150 mg; bleomycin, in the first course, is given at a dose
of 7.5 units subcutaneously on days 1 and 4, and on the second course at 15 units
subcutaneously on days 1 and 4 with a maximum cumulative dose of 400 units;
and vincristine is given at 1 mg/m? IV on days 1 and 5, with a maximum single
dose of 2.5 mg. These drugs are given in cycles which are repeated every 6 weeks.

There is a real need for the development of more effedtive chemotherapeutic
agents in melanoma therapy. Further research may find a way to exploit the
tyrosinase-catalyzed pigment biosynthesis mechanism that is unique to both
normal and malignant melanocytes [120].

Hormonal therapy

There appears to be a relationship between the biologic behavior of melanoma
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and sex hormones. Several factors imply this relationship. First, the female
patient generally has a better prognosis than the male petient with increased
survival noted for premenopausal females compared with postmenopausal fe-
males [121]. Second, melanoma is rare before puberty [122]. Third, clinical exac-
erbations during pregnancy have been often reported. This relationship is, howev-
er, not clear, since pregnancy and exogenous estrogen use have been shown to
have varying effects on melanoma [123-125]. Recent studies have demonstrated
estrogen receptor binding in melanoma tumor cytosols; yet this finding is weaken-
ed in significance by the finding that the enzyme tyrosinase binds estradiol in a
specific, saturable, and inhibitable manner[126]. Zava and Goldhirsch have
presented a model system to explain how tyrosinase, an enzyme unique to
pigmented cells, such as normal and malignant melanocytes, can oxidize (3H)-
estradiol to radiolabeled products which closely resemble the tight binding of
(3H)-estradiol to estrogen receptor [127]. McCarty et al. noted that purified
tyrosinase, which mimicks estrogen-binding in estrogen cytolsols, was inhibited
by DOPA, while the binding of estradiol to estrogen receptor preparations was
not [126]. Thus, gradient analysis and DOPA inhibition studies should be includ-
ed in evaluating the estrogen-binding phenomenon in human melanoma.

The data to support hormonal therapy is fragmentary. The responses are
infrequent, but when measured, seem to occur with no correlation to the hormone
receptor status. The objective response rates in clinical trials using hormonal
therapies (Tamoxifen, Medroxy progesterone acetate, Diethylstilbestrol, Estra-
mustine, and Pregnanetrione) averages 10% [128-134]. Additional research will
be required to clarify this area.

Radiotherapy

Malignant melanoma has classically been felt to be a radioresistant tumor. This
may be explained by the disappointing clinical response to conventionally fractio-
nated radiation (180 to 200 rad per fraction), ‘historial opinion’, and possibly a
case selection bias [135]. Although not a universally held opinion, most radiation
biologists have noticed an enhanced shoulder on in vitro survival curves of
melanoma cells [136, 137]. This results from a melanoma cell’s ability to efficient-
ly repair sublethal radiation damage [136, 141]. These data would lead one to
predict that large doses per fraction would be necessary to observe any significant
response to fractionated radiation therapy. A number of clinical studies looking
at the dose per fraction effect in irradiation of skin and nodal metastases have
been performed. These are summarized in Table 1.

Although most of the data suggest the benefit of large dose per fraction
treatment [138-140], Lobo found quite satisfactory responses with normal
fraction size. Trott in reviewing his material found a positive association with
increasing N.S.D. and most strikingly with reduced treatment times as opposed
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to large fraction size. It should be emphasized that none of the above studies were
prospective or randomized.

Radiation therapy has been used in the treatment of melanoma as follows: (1)
primary treatment; (2) adjuvant treatment; and (3) palliative treatment in melano-
ma of the head and neck.

1. Primary treatment

Lentigo maligna (LM) and lentigo maligna melanoma (LMM)

Harwood and his colleagues at the Princess Margaret Hospital in Toronto have
written extensively on the treatment of these disorders with conventional X-ray
treatment in the recent years [135, 143, 144]. In their most recent report [151], only
two recurrences were encountered in 21 cases of lentigo maligna. Similarly, of 28
cases of lentigo maligna melanoma, local control was achieved in 26 cases with
the median follow-up in both series of approximately 30 months. Similar results
have been achieved in Europe using the Miescher (contact kilovoltage therapy)
technique [145]. These lesions tend to regress very slowly with the median time
to regression of 7 to 8 months. These data suggest the possible role of radiotherapy
for LM or LMM in lesions which are difficult to approach surgically or in patients
who are medically inoperable.

Superficial spreading and nodular melanoma

The accumulated experience in radiation therapy of primary lesions of this type
is limited and in some cases of dubious value [135]. In one series biopsy confir-
mation is lacking in approximately 30% of cases and the doses advocated would
appear to exceed conventional skin tolerance Table 2 [146].

Table 1.
Author Size of daily fraction Response rate
Habermals and 600 28/31
Fisher [138] 500 4/19
Overgaarde [139] 500 17/34
500 15/15
Hornsey [140] 300 15/28
300-400 22/29
400 30/37
Lobo [141] 200-300 14/21
Trott [142] 300 10/28
300-400 6/6

400 4/10
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In light of the above noted deficiencies and preliminary nature of these reports,
there appears to be little basis for treating these lesions primarily with irradiation
on a routine basis.

2. Adjuvant radiotherapy

Gordon Richards from the Toronto General Hospital pioneered the use of limited
local excision followed by postoperative irradiation, particularly in the head and
neck area, to preserve structure and function. Dickson reported on their results
in 1958, concluding that S-year survivals with this treatment (41%) were better
than with local excision alone (19.7%) and comparable to radical surgery
(26.2%) [148]. Achievement of local control by local excision and pre- or postop-
erative irradiation has been reported by Nitter, Hellriegel and Jorgsholm [146,
147, 149]. They felt that survival rates in their series were similar to those
following radical surgery, but reported no control group of patients to justify
this opinion. Certainly there appears to be little to suggest any improvement in
survival with this technique. Radiation therapy has also been used as an adjuvant
to nodal dissection. Creagan reported the only randomized study in 1978 compart-
ing patients given postoperative radiation therapy to those managed by node
dissection alone [150]. In this small trial of 55 patients, no improvement in the
disease — survival with adjuvant irradiation was detected. This lack of significant
benefit may be explained by (1) conventional fractionation, and (2) the low rate
of failure with lymphadenectomy alone. Further investigation of this matter in
high-risk patients (large or multiple nodes) may be warranted.

3. Palliative treatment
Hilaris in 1963 pointed out the benefits of palliative irradiation in the patient with
malignant melanoma, noting an overall rate of improvement in his series of 57%
using conventional fractionation [151]. This initial report has been amplified by
Katz and others [152]. In light of the systematic failure of approximately 29% of
stage I patients and 81% of stage II patients, this valuable palliative resource
should not be ignored [153].

Future prospects in the management of this disease with irradiation center upon
further basic radiobiologic and clinical studies of fractionation, radiosensitiz-
ers [154], radioprotectors, hyperthermia [155-158], particle radiotherapy [159],

Table 2.

Author Type of lesion 5-year survival local control
Harwood [135] SSM 1/6 6/6
Hellriegel [146] all types 65/95

Jorgsholm [147] all types 9/15
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and cytotoxic drugs. Already there is evidence that suggests benefit in animals and
in man from combined hyperthermia and radiation treatment in melanoma.
Perhaps in the future the prospects of treating melanoma with irradiation will be

improved.
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16. Lymphomas of extranodal head and neck sites

CHARLOTTE JACOBS

Introduction

Although the otolaryngologist treats mainly cancers of squamous histology,
non-Hodgkin’s lymphomas represent a substantial number of newly diagnosed
head and neck cancers[1, 2]. Cervical adenopathy is one of the most common
presenting signs of non-Hodgkin’s lymphomas, but up to 10% of patients present
with lymphomas in extranodal head and neck sites — Waldeyer’s ring or other
extralymphatic sites, including oral cavity, larynx, salivary gland, paranasal sinus,
thyroid, and orbit. The signs and symptoms of a non-Hodgkin’s lymphoma in
an extranodal head and neck site may be similar to those of a head and neck
squamous cancer, and only by biopsy can the distinction be made. However,
occasionally a pathologist will have difficulty distinguishing between a poorly
differentiated carcinoma and a non-Hodgkin’s lymphoma. Newer immunohistol-
ogic techniques have been helpful in making this distinction. The histologic
classification of the non-Hodgkin’s lymphomas has undergone recent change, and
familiarity with the currently used classification systems is important in unders-
tanding the natural history and expected outcome of patients with lymphomas.
Based on retrospective analysis of series of patients with extranodal and neck
lymphomas at various institutions, appropriate staging procedures can be recom-
mended. Finally, the therapy of the non-Hodgkin’s lymphomas is rapidly chang-
ing, and survival data continue to improve. The recommended optimal therapy
varies with histology, stage of disease, and head and neck site. This review will
cover the presentation, histology, staging and treatment of extranodal head and
neck lymphomas.

Presentation

Non-Hodgkin’s lymphomas of head and neck sites occur at a mean age of 58
years [3-8], and there is no difference in age at presentation for various sites.

C. Jacobs (ed) Cancers of the head and neck.
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Males are affected more frequently than females with a ratio of 1.6:1 [3-11]. The
exceptions to this include the salivary glands in which there is a male to female
ratio of 1:1[3], lymphomas of the orbit, with a female to male ratio of 2.4:1 [12],
and primary thyroid lymphomas, which favor women with a female to male ratio
of 3.5:1[13, 14].

From a review of 779 patients with head and neck lymphomas (excluding
thyroid and orbit) [3, 6, 7, 9, 11, 15-17], Waldeyer’s ring was the most common
region involved (Table 1). Of Waldeyer’s ring, the tonsil represented 36%, naso-
pharynx — 16%, base of tongue — 10%, and other Waldeyer’s sites — 4%. Of the
extralymphatic sites at presentation, the nasal cavity and paranasal sinuses were
most common at 16%, followed by salivary glands — 8%, oral cavity — 6%, larynx
— 1%, and other extralymphatic sites — 4%. Twenty-one percent of patients had
multiple areas of involvement within the head and neck region [3].

The presenting symptoms of head and neck lymphomas are similar to those of
squamous cell carcinoma. Approximately 80% of patients with a tonsillar lym-
phoma complained of a sore throat or ‘a lump in the throat’ [3]. Patients with
lymphomas of the nasopharynx complained of nasal obstruction or decreased
hearing 75% of the time [3]. Sixty-seven percent of patients with lymphoma in
the base of tongue presented with symptoms of dysphagia or sore throat [3]. For
patients with involvement of the nasal cavity or paranasal sinus, 85% complained
of nasal obstruction or sinusitis. The majority of patients with salivary gland
lymphomas complained of a mass. Of the entire group, only 15% presented with
complaints of neck adenopathy, and only 5% had systemic symptoms (fever,
night sweats, weight loss) [3].

For primary thyroid lymphomas, the most common presenting symptoms
include a neck mass — 73%, dysphagia — 36%, and hoarseness — 27% [13, 18].
Patients with lymphomas of the orbit present predominately with complaints of

Table 1. Head and neck lymphomas — sites of presentation®

Primary site No. of patients (%)

Tonsil 326 (36%)
Nasopharynx 145 (16%)
Nasal cavity, paranasal sinus 142 (16%)
Base tongue 87 (10%)
Salivary glands 74 ( 8%)
Oral cavity 59 ( 6%)
Other extralymphatic sites 37 ( 4%)
Other Waldeyer’s sites 34 ( 4%)
Larynx 6 ( 1%)
Total 779

® References 3, 6, 7, 9, 11, 15-17.
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swelling; other signs and symptoms include visual change, epiphora, proptosis,
ptosis, and discomfort [12]. In one series, the most common sign of orbital
lymphoma was exophthalmos, and the most common physical finding with
conjunctival lymphoma was a palpable mass [19].

Histologic classification

There are multiple histologic subtypes of the non-Hodgkin’s lymphomas, and
they influence the choice of staging procedures, the expected sites of involvement,
therapy, and outcome. Multiple different histologic classification systems have
been utilized, but the most widely reported is the Rappaport System [20] (Table 2).

Rappaport Classification System

The Rappaport System is based on two distinct histologic features of the lymphoid
tissue — the cell type (well-differentiated lymphocytic, poorly-differentiated lym-
phocytic, histiocytic, mixed lymphocytic histiocytic or undifferentiated) and the
architectural pattern (nodular, diffuse). Using the Rappaport System, two distinct
prognostic groups can be defined [21]. Patients in the ‘unfavorable’ group include
nodular histiocytic (NH), diffuse histiocytic (DH), diffuse lymphocytic poorly-
differentiated (DLPD), diffuse mixed lymphocytic histiocytic (DM), diffuse
undifferentiated (DU), lymphoblastic [22], and Burkitt’s lymphoma [23]. Thus

Table 2. Histologic classification of the non-hodgkin’s lymphomas

Modified Rappaport classification [20] Working formulation [29]
Favorable Low grade

Diffuse lymphocytic, well-differentiated Small lymphocytic

Nodular lymphocytic, poorly-differentiated Follicular predominateley small cleaved cell

Nodular mixed lymphocytic histiocytic Follicular mixed small cleaved and large cell
Unfavorable Intermediate grade

Nodular histiocytic Follicular predominately large cell

Diffuse poorly differentiated lymphocytic Diffuse small cleaved cell

Diffuse mixed lymphocytic histiocytic Diffuse mixed small and large cell

Diffuse histiocytic Diffuse large cell

High grade

(Diffuse histiocytic) Large cell immunoblastic

Lymphoblastic Lymphoblastic

Diffuse undifferentiated Diffuse small noncleaved cell

Burkitts

Non-Burkitts
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the unfavorable group includes most patients with diffuse lymphomas with the
exception of diffuse lymphocytic well-differentiated. The ‘favorable’ group in-
cludes patients with nodular lymphocytic poorly-differentiated (NLPD), nodular
mixed lymphocytic histiocytic (NM), and diffuse lymphocytic well-differentiated
(DLWD) lymphomas.

A review of 1232 patients [3-9, 11, 15-11, 14] (Table 3) showed that the majori-
ty of head and neck lymphomas were of unfavorable histologies. Half of the
patients had nodular or diffuse histiocytic lymphomas, and 25% had diffuse
lymphocytic poorly-differentiated lymphomas. The most common favorable
lymphoma was nodular lymphocytic poorly-differentiated, but it only represented
8% of the group. In our series [3] histology varied with site of presentation. All
patients with lymphomas of the nasal cavity or paranasal sinus had unfavorable
histologies, whereas over half of the patients with salivary gland lymphomas had
favorable histologies.

A review of 87 patients with lymphomas of the thyroid [13, 14, 25] demonstrat-
ed that unfavorable histologies, predominantly diffuse histiocytic lymphoma,
account for the majority of cases (Table4). A high percentage of glands also
contained histologic evidence of Hashimoto’s thyroiditis [14]. In contrast, lym-
phomas of the orbit have mainly lymphocytic histologies, and of 84 patients [12,
26-28], 40% had DLWD, 35% had DLPD, and only 10% had diffuse histiocytic
lymphoma. Kim reported that of lymphomas originating in the conjunctiva, all
were of lymphocytic histology [19].

Table 3. Head and neck lymphomas — histologic classification®

Histology® No. of patients (%)
Unfavorable
Nodular or diffuse histiotcytic 618 (50%)
Diffuse lymphocytic poorly-differentiated 302 (25%)
Diffuse mixed lymphocytic histiocytic 84 ( 7%)
Diffuse undifferentiated 19 ( 2%)
Lymphoblastic 20 ( 2%)
Burkitt’s 5 ( 1%)
Unclassified 17 ( 1%)
Favorable
Nodular lymphocytic, poorly-differentiated 99 ( 8%)
Diffuse lymphocytic, well-differentiated 48 ( 4%)
Nodular mixed lymphocytic histiocytic 20 ( 2%)
Total 1232

* References 3-9, 11, 15-1, 24.
® Rappaport System [20].
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Working Formulation

With new knowledge about the characteristics of lymphoma cells and their
immunologic make-up, many new classification systems have been described, and
the old Rappaport System has been challenged. In order to standardize the
classification of lymphomas, the National Cancer Institute funded a study by
prominent pathologists which resulted in a new classification system — the Work-
ing Formulation (Table 2). This classification system is similar to the Rappaport
System, but it divides the lymphomas into three major subgroups which have
similar clinical course. This system is highly reproducible and is rapidly becoming
the most commonly used classification system.

Immunohistochemistry

The pathologist and otolaryngologist may have difficulty distinguishing a benign
lymphoid infiltrate from a lymphoma even with a good biopsy specimen. The
distinction can often be made on fresh frozen tissue and is based on the fact that
the majority of non-Hodgkin’s lymphomas are either B or T cell malig-
nancies [30]. The B cell lymphomas usually express a single class of light chains
which helps distinguish them from reactive hyperplasia in which the cell popu-
lation has a mixture of kappa and lambda immunoglobulin light chains [31]. To
distinguish a T cell lymphoma from reactive hyperplasia, one can use a panel of
T cell antigens to find aberrant phenotypes [32].

Another problem for the otolaryngologist and pathologist may be the dis-

Table 4. Histologic classification of thyroid and orbital lymphomas

Histology® Thyroid? Orbit®

Unfavorable
Nodular and diffuse histiocytic 69 (79%) 8(10%)
Diffuse lymphocytic, poorly-differentiated 4 29 (35%)
Diffuse mixed, lymphocytic histiocytic 5 4
Diffuse undifferentiated 3
Lymphoblastic

Favorable
Nodular lymphocytic, poorly-differentiated 2 5
Diffuse lymphocytic, well-differentiated 4 34 (40%)
Nodular mixed, lymphocytic histiocytic 3 1

Total 87 84

# References 13, 14, 25.
b References 12, 26-28.
¢ Rappaport classification [20].
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tinction between an undifferentiated or anaplastic cancer and a high grade
lymphoma. This difference in histology can often be determined by the use of
pan leukocyte antibodies which are sensitive for cells of bone marrow origin [33,
34]. The combination of this procedure with anti-keratin antibodies for carcino-
mas and anti-S100 protein antibodies for amelanotic melanomas, can be very
useful in making the distinction.

Staging
Pretreatment evaluation

Pretreatment evaluation should begin with a review of all pathologic material.
Following this, a complete physical examination with indirect laryngoscopy
should be performed with special attention to all lymph node bearing areas, the
liver and spleen (Table 5). The size of the lesion and its extent should be accurately
measured with the help of plain films, tomograms, and computerized tomography
(CT). For patients with orbital lymphomas, it is essential to have an ophthamolog-
ic evaluation and CT scanning. For patients with lymphoma, a thyroid scan is
useful and usually shows cold nodules [13]. Thyroid function tests should be
obtained since many patients with thyroid lymphomas are hypothyroid [14]. A
complete blood count with a differential and platelets may reflect involvement
of the spleen or bone marrow, and occasionally abnormal circulating cells can
be seen. Liver function tests with special attention to the serum alkaline phospha-
tase and serum lactic dehydrogenase (LDH), should be performed. The LDH is
a prognostic indicator for the lymphomas of unfavorable histology[35]. A
standard chest X-ray is usually adequate to determine mediastinal or parenchymal
disease, but if there is any question of involvement, a chest CT scan should be
performed. In one series of patients with thyroid lymphoma [13], 66% of patients
had an abnormal chest X-ray with the majority showing tracheal deviation. A CT
scan of the abdomen is useful in evaluating potential involvement of the liver and
occasionally of the spleen. It is useful in evaluating the upper abdominal and
mesenteric nodes, but the subdiaphragmatic lymphogram is much more accurate
in detecting disease in the retroperitoneal lymph nodes. In addition, the lympho-
gram dye remains in the lymph nodes for up to 2 years, and by obtaining a plain
film on followup visits, the physician can assess the status of retroperitoneal
lymph nodes.

Because of the propensity for lymphomas to involve the bone marrow, a
percutaneous needle bone marrow biospy should be performed in the posterior
iliac crest. An aspirate is not sufficient to diagnose lymphoma in the bone
marrow, since lymphoma tends to involve the paratrabecular regions. In our
series [3], 25% of patients with favorable histologies had bone marrow involve-
ment. We found that only 18% of patients with unfavorable histologies of
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extranodal and neck presentations had positive bone marrows. An association
between involvement of Waldeyer’s ring and the gastrointestinal tract has been
described by Banfi [36], who found an 11% incidence of involvement of the GI
tract in patients with head and neck lymphomas, and Brugere [6] who found a
3% incidence of GI tract involvement at presentation and a 20% involvement at
time of relapse. Thus an upper gastrointestinal series and small bowel follow-
through is recommended for patients with lymphomas of Waldeyer’s ring.

In our series [3] 30% of patients with disease in the paranasal sinuses relapsed
in the central nervous system, and thus a lumbar puncture is recommended as part
of the staging of these patients. A lumbar puncture is also recommended for
certain subgroups of lymphoma patients who have a high risk for central nervous
system involvement at presentation or relapse: patients with unfavorable histol-
ogies and bone marrow or testicular involvement [37], patients with undifferen-
tiated lymphomas {38], and patients with lymphoblastic lymphomas [22].

A routine staging laparotomy is not recommended for this group of non-Hodg-
kin’s lymphomas because of the increased accuracy of currently available diag-
nostic tests and recent changes in therapeutic programs.

Staging System

When the initial evaluation is complete, the patient is assigned a stage, using the
Ann Arbor Staging System, the same system used for Hodgkin’s disease [39],
(Table 6). This system is based on sites of lymph node involvement or dissemi-
nation to other organs and the presence or absence of systemic symptoms. The
‘E’ lesion was designated to indicate extralymphatic involvement of tissue adjac-
ent to a lymph node, not considered metastatic disease. Thus, lymphomas
involving the oral cavity, salivary glands, larynx, nasal cavity, and paranasal
sinuses would be designated ‘E’ lesions as opposed to Waldeyer’s ring, which
represents lymphatic tissue.

Table 5. Initial staging evaluation for patients with head and neck lymphomas

Review pathology slides

Complete physical examination, indirect laryngoscopy
CT scan of head and neck site

Complete blood count with differential

Liver function tests

Chest X-ray

Lymphogram

CT scan of abdomen

Bone marrow biopsy

Upper gastrointestinal series (Waldeyer’s ring)
Lumbar puncture (paranasal sinus)
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From a series of over 1,000 patients with head and neck lymphomas [3-9, 11,
15-17, 24], excluding thyroid and orbit, the stages were as follows: stage I — 34%,
II - 35%, III — 16%, IV - 18% (Table 7). The majority of patients did not have
B symptoms. Patients with lymphoma of the thyroid have predominately early
stage disease, with 86% of patients staged as stage I or IIE disease following their
initial evaluation[13, 18, 25]. In a series of 49 patients with orbital lympho-
mas [26, 27, 40, 41], 65% were found to have stage I disease, and 33% were found
to have stage IV disease. The majority of patients with stage IV disease were so
on the basis of a positive bone marrow [41]. Approximately 10% of patients had
bilateral orbital involvement at presentation.

The Ann Arbor Staging System has been criticized as inadequate for staging
the head and neck lymphomas since it does not incorporate size or local extent
in its definition of stage. The TNM system is felt by some investigators to be more
useful for head and neck lymphomas, and a relationship between distal relapse
rate and tumor size utilizing the TNM system has been described [9]. However,
in our own series [3] the T status did not influence disease-free survival or survival,
whereas, the Ann Arbor System was useful in predicting disease-free survival for
the unfavorable histologies.

At completion of treatment and during the follow-up period, it is critical that
all prior sites of involvement be re-evaluated on a regular basis. In addition, other
potential sites of extension should be routinely evaluated utilizing the chest X-ray,
plain film of the abdomen (if a lymphogram was performed), complete blood
counts, and liver function tests. In addition, the physician should be attuned to
complaints which may indicate spread to the gastrointestinal tract or central
nervous system.

Table 6. Ann Arbor staging system [39]

StageI: Involvement of a single lymph node region (I) or of a single extralymphatic organ or
site (IE)
StageIl: Involvement of two or more lymph node regions on the same side of the diaphragm (II)

or localized involvement of an extralymphatic organ or site and of one or more lymph
node regions on the same side of the diaphragm (IIE)

StageIll:  Involvement of lymph node regions on both sides of the diaphragm (III); this may be
accompanied by localized involvement of an extralymphatic organ or site (IIIE) or by
involvement of the spleen (IIIS) or both (IIISE)

StageIV: Diffuse or disseminated involvement of one or more extralymphatic organs or tissues
with or without lymph node enlargement

Symptoms: A - Absence of systemic symptoms
B - Unexplained fever, night sweats, or weight loss of more than 10% body weight
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Figure 1. Survival of non-Hodgkin’s lymphomas of the head and neck by site.

4

Therapy

Multiple factors are taken into consideration in determining the optimal treatment
program: primary site of involvement, histology, stage of disease, and individual
patient considerations.

The primary site of involvement of head and neck lymphomas does influence
the freedom from relapse time and survival (Figurel). In our series of 156
patients, the S-year survival was influenced by site: salivary gland — 61%, oral

cavity — 57%, tonsil — 49%, base of tongue — 47%, nasopharynx — 36% and
paranasal sinuses — 12%,

Table 7. Head and neck lymphomas - initial stage

No. of patients (%)

Stage? All sites® Thyroid® Orbit!

I, IE 346 (34%) 27 (47%) 32 (65%)
II, IIE 365 (35%) 22 (39%) 1

II1, IIIE 136 (16%) 6(11%) -

v 182 (18%) 2( 4%) 16 (33%)
Total 1029 57 49

? Ann Arbor Staging System [39].
® References 3-9, 11, 15-17, 24.
¢ References 13, 18, 25.

4 References 26, 27, 40, 41.
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Figure 2. Survival of unfavorable lymphomas, stage I and II, based on radiation field.

Histology as well influenced survival (Figure 2). For favorable histologies, the
S-year survival was 69%, as compared to 39% for patients with unfavorable
histologies. In the following sections general guidelines will be given for the
management of head and neck lymphomas, although each case must be individu-
alized.

Unfavorable lymphomas — stages 1/11

For patients with unfavorable lymphomas of early stage, radiation therapy has
been the primary mode of therapy. The appropriate dose delivered with a linear
accelerator is 4000 to 5000 rad for involved sites and 4000 rad for uninvolved sites
— a lower dose than is necessary for the treatment of squamous cell cancers.
Patients are treated four or five times weekly at a dose rate of 1000 rad per week.
The radiation port most commonly used is the Waldeyer’s field, consisting of
opposed lateral fields which encompass the nasopharynx and oropharynx, adjac-
ent base of skull, preauricular, submandibular, and upper cervical nodes with a
posterior margin encompassing the posterior cervical nodes [4]. The ‘mini-mantle’
field encompasses the cervical, supraclavicular, infraclavicular, and axillary
lymph nodes. The mediastinum, which is not frequently a site of extension in these
diseases, is shielded [4]. Treatment programs are defined as follows: involved field
—radiation limited to known sites of disease, extended field — radiation to involved
sites and the next contiguous lymph node group, total lymphoid irradiation —
sequential treatment of Waldeyer’s, mini-mantle, abdominal, and pelvic fields.
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In most series, patients with head and neck lymphomas have been treated with
involved or extended field radiation therapy only. In our series, patients with
stages I and II unfavorable lymphomas had no difference in 5-year survival based
on radiation field: total lymphoid irradiation — 60%, extended field irradiation
— 50%, involved field irradiation — 39% (Figure 2).

In trying to design the optimal treatment program, the initial sites of relapse
should be determined. From a series of 360 patients with stages I and II head and
neck lymphomas who relapsed following radiation [3, 5-11, 24], 73% relapsed at
distal sites, 14% locally and 13% in regional sites (Table 8). This would suggest
that chemotherapy may be the most appropriate addition to current treatment
programs. The excellent outcome reported for patients with early stage non-
Hodgkin’s lymphomas treated with chemotherapy alone [42], suggests that chem-
otherapy should be used in the management of these patients, either alone or with
involved field radiation. Because of the high incidence of central nervous system
involvement with the paranasal sinus, we recommend prophylactic treatment of
the central nervous system with chemotherapy * irradiation. There is as yet no
long-term data to indicate whether this approach will be efficacious. It is impor-
tant to stress that the lymphomas of unfavorable histology can be rapidly fatal
if not treated aggressively, and it is difficult to salvage a patient who has failed
their first treatment program.

Unfavorable histologies — stages III/IV

For patients with stages III and IV unfavorable lymphomas, chemotherapy is the
treatment choice. There are a variety of combinations from which to choose, and
among those, two of the most frequently used regimens are CHOP (cyclophos-
phamide, adriamycin, vincristine, prednisone) [43] and M-BACOD (methotrex-
ate, bleomycin, adriamycin, cyclophosphamide, vincristine, dexometha-
sone) [44]. With these, cure rates may range from 25 to 50%. The role of radiation
in these patients is usually as an adjunct for sites of bulky disease.

Table 8. Initial sites of relapse for stages I and II head and neck lymphomas?®

Site of relapse No. of relapsing patients

Distal 264 (73%)
Local 49 (14%)
Regional 47 (13%)
Total 360

2 References 3, 6-11, 24.
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Lymphoblastic lymphomas

Lymphoblastic lymphoma, a high-grade lymphoma, may present in head and
neck extranodal sites, although it usually presents in young people with a
mediastinal mass. The disease rapidly spreads to bone marrow and meninges, and
thus, regardless of stage, patients need to be treated with aggressive chemotherapy
programs including central nervous system prophylaxis. With aggressive treat-
ment, 60% of patients can be cured [45].

Favorable histologies — stages 1/11

Only a small percentage of patients will present with stage I or II disease of
favorable histology. For those patients radiation therapy alone is appropriate.
Most radiation therapists use involved or extended field, although the optimal
radiation field has not yet been determined. With this approach, survival is
approximately 90% at 9 years [46]. Chemotherapy has not been shown to be
advantageous when added to radiation for the management of these patients [47].

Favorable histologies — stages III/IV

Patients with stages III and IV lymphomas of favorable histology have a long
survival regardless of treatment. Chemotherapy options includes single agent
chemotherapy with chlorambucil or combination chemotherapy with CVP (cyclo-
phosphamide, vincristine, prednisone), and with either of these, 60 to 80% of
patients will achieve a complete remission with a survival of approximately 80%
at 5 years [48]. However the majority of patients will have relapsed one or multiple
times during this period of time. Because the favorable histologies have such an
indolent nature, selected patients may have therapy delayed until they become
symptomatic [49].

Orbital lymphomas

For patients with localized lymphomas of the orbit, radiation therapy is the
treatment of choice. Doses of 3500 to 4000 rad are necessary for local control.
Damage to the retina and optic nerve is infrequent below 5000 rad. The lens is
the structure that is most susceptible to radiation damage and as little as 400 rad
can cause cataract formation. The lacrimal glands can be damaged, and a rare
patient will complain of dry eyes. Specialized techniques have been devised to
minimize long-term toxicity to the orbit [12, 40]. Most investigators report excel-
lent response of orbital lymphomas to radiation with no local recurrences [12, 40],
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and in one series of 19 patients in which seven patients recurred, two did so in
the opposite orbit, three in cervical lymph nodes and two systemically [12].
Factors which are associated with adverse prognosis include orbital bone erosion,
stage IV disease, and unfavorable histologies [26]. Patients with stages III and IV
disease should be treated with appropriate chemotherapy depending on their
histologic subtype.

Thyroid lymphomas

For patients with stages I and II thyroid lymphoma, 5-year survival rates as high
as 75 to 85% have been reported [14]. In a series from Stanford [18], eight patients
with early stage disease were treated with 4300-5200 rad in 4 to 5 /2 weeks with
6 MV photons. Five patients were treated with a mantle field and three with a
mini-mantle. All patients with stage I disease were alive without evidence of
recurrence, and two patients with stage 11 disease relapsed in distal sites. The
authors concluded that high-dose regional radiation is highly effective for thyroid
lymphomas.

In a series from the Mayo Clinic [13], 34 patients had stage I/1I disease. Of
those, approximately one-third were treated to the neck only with 2400 to 6000
rad, and 28 patients were treated additionally to the mediastinum. At 5 years the
survival was 57% with the disease-free survival of 59%. The disease-free survival
tended to be higher for patients who received extended field radiation than for
those who received radiation to the neck only; for stage I patients disease-free
survival tended to be superior for those whose disease did not extend beyond the
capsule; disease-free survival tended to be better for those patients with no
residual disease following surgical excision than for those with residual disease.
None of these differences reached statistical significance. Fourteen patients
recurred, and most failed in multiple sites both locally and distally. There were
several prognostic factors that indicated a high risk of recurrence, including
hoarseness, stridor, an enlarged mediastinal mass on chest X-ray, and tracheal
deviation. Based on their results, the authors recommended treatment to the
thyroid and mantle of no greater than 4000 rad without laryngeal or cervical spinal
cord blocks. They questioned the potentially beneficial role of surgical excision
prior to radiation and suggested a role for subdiaphragmatic radiotherapy or
adjuvant chemotherapy in the treatment of early stage thyroid cancer. These
recommendations differ slightly from the Stanford group who found a high cure
rate with higher doses of radiotherapy to extended fields alone, regardless of
surgical excision.

For patients with thyroid cancer of stages III and IV, chemotherapy should be
recommended with the type dependent on the histology.
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Conclusions

The otolaryngologist is often the first physician to evaluate a patient with a head
and neck lymphoma. It is often difficult to distinguish lymphomas from
squamous cell carcinoma on clinical grounds. An adequate excisional or incisional
biopsy is necessary to determine the diagnosis and the histologic subtype. If the
diagnosis is still in question, further immunohistochemical studies will be of
value. Prior to planning therapy, an extensive pretreatment evaluation is necesary
to determine the stage of disease. Based on stage, histology, and primary site,
appropriate programs involving radiation and/or chemotherapy can be recom-
mended. When lymphomas are recognized early and treated properly, a high cure
rate and/or survival can be expected.
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82-88
supraomohyoid neck dissection in, 23
therapeutic options for, 32
Laryngeal papillomatosis, 169
Laryngeal sarcoma, 32
Laryngectomy
early use of, 31
see also Extended supraglottic laryngectomy
(ESGL); Extended vertical partial laryngec-
tomy (EVPL); Partial laryngeal surgery
Laryngoplasty, 45-49
Laser surgery, 61-68
advantages of, 65
airway reestablishment with, 64
argon tunable dye system in, 67-68
carbon dioxide laser in, 62-66
early use of, 61-62
excisional biopsy with, 64
external beam radiation therapy combined
with, 65
laryngeal carcinoma with, 62, 63-65
Nd:YAG laser in, 66-67
oral cavity carcinoma with, 65-66
Lateral neck dissection, 25
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Lentigo maligna (LM), 259
Lentigo maligna melanoma (LMM), 247-248,
259
Leukoplakia, and retinoids, 182-184
Liver function tests
cutaneous melanomas of the head and neck
with, 249
lymphoma of extranodal head and neck sites
and, 274
Log rank test, 213
Lower neck dissection, 25-26
Lung cancer, and argon tunable dye laser system,
67
Lung metastases
partial laryngectomy plus lobectomy for, 32
retinoids and, 182
Lymphadenectomy
frozen sections in, 26-27
use of regional, 22
Lymphangiography, in cutaneous melanomas of
the head and neck, 249
Lymph node malignancies
brachytherapy implants in, 95
cutaneous melanomas of the head and neck
with, 253-255
immunology of, 155-164
magnetic imaging (MRI) in,
114-115
orbital rhabdomyosarcoma (RMS) and, 225
Lymph node system
breast cancer and immunoreactivity of, 162
orbital rhabdomyosarcoma (RMS) and, 225
see also Cervical lymph node
Lymphoblastic lymphoma, 280
Lymphoma of extranodal head and neck sites,
269-282
clinical presentations in, 269-271
histologic classification of, 271-274
immunohistochemistry of, 273-274
pretreatment evaluation of, 274-278
staging system for, 275-276
therapy for, 277-281
Lymphoscintigraphy, in cutaneous melanomas
of the head and neck, 249-250

resonance

Magnetic resonance imaging (MRI), 107-141
acoustic neuromas with, 116-117, 124
basic principles of, 108-116
benign neck lesions in, 130
cervical adenopathy on, 139
clinical imaging with, 116-140

computed tomography (CT) compared with,
107-108

conductive hearing loss on, 124

cyst fluid with, 115

echo delay time in, 109

future trends in, 140

glomus tumors on, 118-124

Huntington Medical Research Institutes
(HMRI) experience with, 104-142

hypopharyngeal carcinoma on, 130

intensity calculation in, 110

laryngeal carcinoma on, 126, 130

magnetic relaxation times in, 108-109

malignant lymph nodes with, 114-115

nasopharyngeal carcinoma on, 124-126

normal appearance of various tissues with,

110-111, 116
oropharynx, tongue, and floor of mouth on,
126

paransal sinuses on, 134-135

parapharyngeal tumor on, 126

patient motion in, 130

repetition time in, 109

salivary gland tumors on, 132-134

signal intensity range of pathological lesions

in, 111-115

skull base on, 116-124

subacute hemorrhage on, 116

thyroid and parathyroid gland tumors on, 137
Malnutrition, and head and neck cancer, 178
Mandibular reconstruction, 1-9

advantages and disadvantages of, 8

antibiotic regime in, 3

free flaps used in, 2, 7-8

freeze dried bone used in, 5

general concepts in, 2-3

goals of, 1

mesh cribs used in, 4

methods for, 3-8

osteomyocutaneous flaps in, 6-7

radiation therapy after, 5
M-BACOD combination chemotherapy, with

lymphoma of extranodal head and neck sites,

279
Medroxy progesterone acetate, with cutaneous

melanomas of the head and neck, 258
Melanoma

cutaneous, see Cutaneous melanomas of the

head and neck
incidence of, 245
posterior-lateral neck dissection in, 25



sun exposure and, 246
Mesh cribs, in mandibular reconstruction, 4
Metastasis
cervical neck node involvement in, 156-157
extracapsular spread (ECS) of, see Extracap-
sular spread (ECS) of squamous carcinoma
in cervical metastasis
cutaneous melanomas of the head an neck
with, 253-255
nasopharyngeal carcinoma and, 167-168
orbital rhabdomyosarcoma (RMS) and, 225
partial laryngectomy plus lobectomy with, 32
recurrence of head and neck cancer and, 179
skull base, 117
Methyl CCNU, with cutaneous melanomas of the
head and neck, 257
Microwave hyperthermia, with brachytherapy,
104
Modified neck dissection, 21-29
anterior, 24-25
definition of, 21-26
functional, 22-23
lower, 25-26
pathology reports in, 26-27
posterior-lateral, 25
preserving anatomic structures in neck in, 22
radiation after, 27-28
supraomohyoid, 23
suprahyoid, 23
MRI, see Magnetic resonance imaging (MRI)
Mucosal abnormalities, and tobacco usage,
177-178
Mycosis fungoides, and retinoids, 182
Myelodysplastic syndrome, and retinoids, 182
Myocutaneous flaps, in mandibular recon-
struction, 2, 3, 6-7

Nasopharyngeal carcinoma (NPC)
brachytherapy implants in, 95
Epstein-Barr virus (EBV) and, 168-169
frequency of, 167
interferon and, 169-172
lymphoma of extranodal head and neck sites
and, 270
magnetic
124-126
metastases from, 167-168
posterior-lateral neck dissection in, 25
risk factors in, 167
Neodymium (Nd)-in-glass laser, 61
Neodymium (ND): YAG laser, 66-67

resonance imaging (MRI) in,
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Nevi, 246-247

Nodular melanoma (NM), 247-248

Nominal standard dose (NSD) formula, 71

Non-Hodgkin’s lymphoma, see Lymphoma of
extranodal head and neck sites

Nutritional deficiency, and head and neck can-
cer, 178

Oncovin, in combination chemotherapy, 146
Oral cavity carcinoma
brachytherapy in, 95, 96
carbon dioxide laser in, 65-66
functional neck dissection in, 23
lymphoma of extranodal head and neck sites
and, 270
magnetic resonance imaging (MRI) in, 126
supraomohyoid neck dissection in, 23
Orbital lymphoma, 280-281
Orbital rhabdomyosarcoma (RMS), 223-240
alveolar, 226
botyroid, 226-227
chemotherapy for, 235-236
clinical manifestations of, 227-228
diagnostic evaluation of, 228-230
embryonal, 225-226
etiology of, 225
history of, 223-224
incidence of, 224
normal and tumor anatomy in, 225
pathology of, 225-227
pleomorphic, 227
population characteristics in, 230
radiation therapy for, 231-235
relapses in, 238
staging system for, 229-230
subtypes of, 225-227
surgery for, 230-231
treatment results in, 237-240
Oropharynx carcinoma
brachytherapy in, 95, 96-101
extracapsular spread (ECS) of squamous car-
cinoma in cervical metastasis in, 12
functional neck dissection in, 23
head and neck cancer and development of
secondary, 179
hyperfractionated radiotherapy for, 76
magnetic resonance imaging (MRI) in, 126
radiation therapy with multiple fractions in,
82-88
supraomohyoid neck dissection in, 23
Osteomyocutaneous flaps, in mandibular recons-
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truction, 6-7
Oxygen administration, in mandibular recons-
truction, 3

Pancoast tumor, on magnetic resonance imaging
(MRI), 138
Papilloma virus, and head and neck cancer, 178
Papova-virus associated neoplasm, 169
Paranasal sinuses
lymphoma of extranodal head and neck sites
and, 275
magnetic resonance imaging (MRI) and,
123-137
Parapharangeal space, on magnetic resonance
imaging (MRI), 126
Parathyroid glands, on magnetic resonance
imaging (MRI), 137
Parotid gland tumors
magnetic resonance
132-134
orbital rhabdomyosarcoma (RMS) and, 225
Partial laryngeal surgery
early work with, 31
goal of, 31
recurrence of cancer and, 50
results with, 49-52
see also Extended supraglottic laryngectomy
(ESGL); Extended vertical partial laryngec-
tomy (EVPL)
Pectoralis osteomyocutaneous flaps, in mandi-
bular reconstruction, 6
Pigmented basal cell carcinoma, 247
Pigmented seborrheic keratoses, 247
Piriform sinus cancer
extended vertical partial laryngectomy in, 34
supraglottic laryngectomy in, 52, 53
Pleomorphic orbital rhabdomyosarcoma (RMS),
227
Polyethylene materials, in mandibular recon-
struction, 3
Polyurethane mesh crib, in mandibular recon-
struction, 4
Posterior-lateral neck dissection, 25
Prednisone, with lymphoma of extranodal head
and neck sites, 279, 280
Pregnanetrione, with cutaneous melanomas of
the head and neck, 258
Premalignant lesions, and retinoids, 182

imaging (MRI) in,

Radiation therapy
anterior neck dissection with, 24

carbon dioxide laser compared with, 65
chemotherapy comboned with, 148
cutaneous melanomas of the head and neck
with, 258-259, 260
extended supraglottic laryngectomy combined
with, 57
extended vertical partial laryngectomy with, 45
extracapsular spread (ECS) of squamous car-
cinoma in cervical metastasis and, 18
hypopharyngeal cancer and timing of, 143
immunosuppressive nature of, 157
lymphoma of extranodal head and neck sites
and, 278-279, 280, 281
mandibular reconstruction followed by, 5
modified neck dissection with, 27-28
orbital rhabdomyosarcoma (RMS) and, 224,
231-235
radiosensitizers and radioprotectors in, 152
recurrent laryngeal carcinoma after, 32, 34
unresectable cancer with, 144
Radiation Therapy Oncology Group (RTOG) hy-
perfractionation radiotherapy scheme, 81-82
Radiation therapy with multiple fractions, 71-88
accelerated fractionation in, 73, 76-79
accelerated, hyperfractionated, split-course,
79, 80
acute tolerance in, 83
clinical experience with, 74-82
complications with, 87-88
convenience with, 71-72
hyperfractionation in, 73, 74-76
improvement in therapeutic ratio with, 72-74
local control in, 84
nominal standard dose (NSD) formula in, 71
other schemes employing, 81-82
patient comfort with, 72
Radiation Therapy Oncology Group (RTOG)
techniques in, 81-82
redistributed tumor cells in, 73
regenerative response of tumors with, 73-74
regional control in, 84
survival rates with, 86
University of Florida experience with, 82-88
Radical partial laryngectomy, 43
Radioactive isotopes, see Brachytherapy
Radionuclide scintigraphy, with thyroid masses,
137
Radioprotectors, 152
Radiosensitizers, 152
Radium needle brachytherapy, 93, 95
Radon brachytherapy, 93



Rappaport classification system, for non-Hodg-
kin’s lymphomas, 271-272
Reconstructive surgery
extended vertical partial laryngectomy in,
35-49
mandibular, see Mandibular reconstruction
supraglottic laryngectomy and, 55
Retinoids
differentiation and growth of normal epitheli-
al cells and, 180
established squamous cell carcinoma cell lines
and, 184-186
inhibition of cancer development and growth
and, 181-182
head and neck cancer and, 177-186
premalignant lesions and, 182
premalignant oral leukoplakia and, 182-184
Rhabdomyosarcoma (RMS), 223; see aiso Or-
bital rhabdomyosarcoma
Ruby laser, 61

Salivary gland tumors
lymphoma of extranodal head and neck sites
and, 270
magnetic resonance imaging (MRI) in, 127,
132-134
Sample sizes requirements in clinical trials,
198-204
Scintigraphy
cutaneous melanomas of the head and neck
with, 249-250
thyroid masses with, 137
Skin cancers
argon tunable dye laser system in, 67
brachytherapy implants in, 95
posterior-lateral neck dissection in, 25
retinoids and, 182
see also Cutaneous melanomas of the head and
neck
Skull base malignancies, on magnetic resonance
imaging (MRI), 116-124
Smoking, and head and neck cancer, 177-178,
225
Socioeconomic status, and orbital rhabdomyos-
arcoma (RMS), 225, 230
Spanning devices, in mandibular reconstruction,
2-3
Spitz nevus, 247
Split-course radiation
accelerated, hyperfractionated radiotherapy
with, 79, 80
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tumor control with, 72
Squamous carcinoma, extracapsular
spread (ECS) of see Extracapsular spread
(ECS) of squamous carcinoma in cervical
metastasis
Squamous carcinoma, head and neck multi-
modality treatment in, 143-152
natural history of, 177-179
Squamous carcinoma, laryngeal carbon dioxide
laser in, 63-65
endoscopic laser excision of early, 64-65
Squamous carcinoma, oral cavity, and carbon
dioxide laser, 65-66
Squamous carcinoma, oropharyngeal, and hy-
perfractionated radiotherapy, 76
Staging
combination chemotherapy and, 146-148
cutaneous melanomas of the head and neck
with, 250252
extracapsular spread (ECS) of squamous car-
cinoma in cervical metastasis and, 13, 19
lymphoma of extranodal head and neck sites
with, 275-276
metastatic lymph nodes and, 163
orbital rhabdomyosarcoma (RMS)
229-230
Sternohyoid myofascial flap, in laryngeal recon-
struction, 45-46
Struts, in mandibular reconstruction, 3-4
Subacute hemorrhage, on magnetic resonance
imaging (MRI), 116
Submaxillary gland cancer
orbital rhabdomyosarcoma (RMS) and, 225
suprahyoid neck dissection in, 23
Sun exposure, and melanoma, 246
Superficial  spreading
247-248, 259-260
Supraglottic laryngeal cancer
extended supraglottic laryngectomy in, 55-57
functional neck dissection in, 23
supraglottic laryngectomy in, 53-55
Supraglottic laryngectomy, 52-55
anatomic considerations in, 53
indications and contraindications for, 53
laryngeal reconstruction after, 55
surgical techniques in, 53-55
Suprahyoid neck dissection, 23
Supraomohyoid neck dissection, 23
Surgery
chemotherapy and extent of, 150-152
cutaneous melanomas of the head and neck

and,

melanoma  (SSM),
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extended supraglottic laryngectomy (ESGL)
in, 55-57

extended vertical partial laryngectomy (EVPL)
in, 32-52

extracapsular spread (ECS) of squamous car-
cinoma in cervical metastasis and, 18

general concepts in, 2-3

laser surgery in, 61-68

mandibular reconstruction in, 1-9

modified neck dissection in, 21-29

orbital rhabdomyosarcoma (RMS) and,
230-231

radiation therapy after, 143-144

regional lymphadenectomy in, 22

supraglottic laryngectomy in, 52-55

Tamoxifen, with cutaneous melanomas of the
head and neck, 258
Thoracic inlet lesions, on magnetic resonance
imaging (MRI), 137
Three-quarters extended vertical partial laryn-
gectomy, 33, 4445
Thyroglossal duct cysts, on magnetic resonance
imaging (MRI), 130
Thyroid carcinoma
extended vertical partial laryngectomy in, 34,
35
lower neck dissection in, 25
lymphoma of extranodal head and neck sites
and, 270
magnetic resonance imaging (MRI) in, 134
supraglottic laryngectomy in, 53
Thyroid function tests, with lymphoma of ex-
tranodal head and neck sites, 274
Thyroid lymphoma, 270, 281
T lymphocytes
lymphoma of extranodal head and neck sites
and, 273-274
clonogenic assay for, 159-163
immunomodulation of, 163
treatment implications of response of, 164
Tobacco usage, and head and neck cancer,
177-178
Tongue cancer

brachytherapy in, 95
magnetic resonance imaging (MRI) in, 126
see also Base of tongue cancer

Tonsil, and lymphoma of extranodal head and
neck sites, 270

Tonsillo-palatine implants, 100-101

Total laryngectomy, 31

Tracheobronchial squamous metaplasia, and re-
tinoids, 181

Trapezius scapular osteomyocutaneous flap, in
mandibular reconstruction, 6-7

Tricalcium phosphate, in mandibular recon-
struction, 3

Ultrasonography, with thyroid masses, 137
Uterine carcinoma, and interferon, 169

Vaccinia, with cutaneous melanomas of the head
and neck, 255
Vincristine
cutaneous melanomas of the head and neck
with, 257
lymphoma of extranodal head and neck sites
and, 279, 280
orbital rhabdomyosarcoma (RMS) and, 224,
235-236
Vitallium mesh crib,
struction, 4
Vitallium spanning device, in mandibular recon-
struction, 2-3
Vitamin A (retinol)
differentiation and growth of normal epitheli-
al cells and, 180
inhibition of cancer development and growth
and, 179, 181-182
see also Retinoids
Vitamin levels, and head and neck cancer, 178
Vocal cords, and magnetic resonance imaging
(MRI), 130

in mandibular recon-

Waldeyer’s ring, and lymphoma of extranodal
head and neck sites, 270
Working Formulation for lymphomas, 273
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