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Foreword

Thyroid carcinoma is an uncommon malignan-
cy. In the vast majority of patients, if treated
appropriately, it is associated with a benign
clinical course. Why then does it hold a con-
tinuing fascination for so many physicians?

The answer is probably directly dependent
on the very benign nature of most thyroid
malignancies. While there are terrible excep-
tions, the follicular and papillary thyroid can-
cers behave in a way quite alien to “common”
neoplasia, since they grow and metastasize
slowly. We believe that if only we could under-
stand such a transformed state, we would be
able to learn a great deal about the normal and
abnormal regulation of the cell cycle and im-
prove our understanding of cancer.

However, recent advances in the biology of
normal cell division in general, and malignant
cells in particular, have to date shed only dim
light on our understanding of the human thy-
roid cell. There are clear and important rea-
sons for this. First, the human thyroid cell
" has proven a difficult in vitro model and im-
mortalized, fully differentiated thyroid cell
lines are still not available (although they are
under development in a number of labora-
tories). Second, only a few cell biologists have
attempted to utilize the thyroid cell, includ-

ing the available non-human lines, as models
for cell cycle studies and oncogene/anti-
oncogene regulation, because they are unaware
of the often fundamental dichotomy between
thyroid malignancy and prognosis. Third, the
very nature of the benign clinical course has
suggested to the major health research fund-
ing agencies that thyroid cancer is not worthy
of study in a time of scarce resources.

Nothing could be further from the truth.
This gratifying clinical course is the very reason
why the study of human thyroid cancer has the
potential for contributing further to our fun-
damental understanding of malignancy and,
perhaps more importantly, the mechanisms by
which the human body can resist neoplastic
cells. In this regard, my colleagues are to be
congratulated on putting together a timely re-
view of the clinical nature and treatment of
thyroid cancer. They have dealt with the com-
mon and the rare, the benign and the deadly,
and have tried to bring clarity to an often “pol-
luted” literature. Let this book be widely read
in order that these diseases may become better
understood within the general scientific com-
munity as well as by the many physicians and
surgeons who will so obviously benefit from
reading this book.

Terry F. Davies, MD, FRCP
New York, NY
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Preface

Malignancies of the thyroid gland account for
only a small fraction of all neoplasms, occur-
ring in about 10,000 patients per year in the
United States, or 40 per 1 million people.

Most of these tumors are well-differentiated
and have a good prognosis; nonetheless, signif-
icant morbidity and mortality do occur. Appro-
priate. management is essential to achieving
optimal therapeutic success; however, there
is considerable variability in current approaches
to many aspects of the management of these
tumors.

The purpose of this volume is to review
analytically the major topics relating to malig-
nant tumors of the thyroid gland. The con-
tributors have presented an extensive overview
of all areas of tumor biology—etiology,
pathogenesis, pathophysiology, biochemistry,
and genetics. As practicing clinical thyroido-
logists, they emphasize clinical presentation
and therapy. In each chapter, recommenda-
tions for management are suggested by mem-
bers of the division of endocrinology of the
Mount Sinai Medical Center.

The Mount Sinai Medical Center has been a
major center for the study and treatment of
thyroid disorders for over a century. The con-
tributors to this volume, current members of
the faculty and staff, have benefited from the
teaching and clinical expertise of such pioneers
as Sergei Feitelberg, Solomon Silver, Louis J.
Soffer, J. Lester Gabrilove, Solomon Berson,
and our current division chief, Terry F. Davies.

An important aspect of division activities has
always been the teaching of students, house
staff, and endocrine fellows. This volume
evolved from a series of seminars presented at
our Thursday afternoon conferences to high-
light new developments and controversies in
the management of thyroid cancer.

It is our hope that the combined efforts of
our contributors will provide the reader with
information that is both up to date and com-
prehensive, as well as providing them with our
guidelines for the care of patients with thyroid
malignancy.
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1

Papillary Thyroid Carcinoma

ALEX STAGNARO-GREEN

Thyroid cancer is the most common form of en-
docrine malignancy; papillary cancer accounts
for more than 50% of all thyroid carcinoma.
Despite over fifty years of research on papil-
lary carcinoma and hundreds of published arti-
cles, many questions remain unanswered.! In
particular, the actual mortality rate from papil-
lary cancer and the optimal therapeutic approach
remain unknown. Furthermore, although prog-
nostic indicators at diagnosis are known and
predictive models have been formulated, the
constellation of signs and symptoms yielding
the best and worst prognosis needs further
refinement. Confusion in the literature is
caused by the following problems: (1) the
lack of prospective studies comparing vari.=<
treatment regimens or predictive models, (2)
inconsistencies in the literature in regard to
the pathologic definition of papillary cancer,
(3) the failure of many articles to evaluate
papillary cancer separately from follicular
cancer, and (4) the need for a 20- to 30-year
follow-up—mpapillary carcinoma is often dead-
ly decades after initial diagnosis.

Pathology

The pathology of papillary carcinoma is
marked by tremendous microscopic variability.
Nevertheless, the constellation of findings
present on examination by light microscopy
typically makes diagnosis easy.? In this section
we will discuss not only the gross pathology of
papillary cancer but also the findings obtained
by light microscopy, as well as by electron

microscopy. Special attention will be given to
distinctive features of the nucleus, specifically
the “Orphan Annie Eyes,” as well as to nuclear
folding. Furthermore, the origin and signif-
icance of psammoma bodies in papillary can-
cer will be reviewed. This section will conclude
with a discussion of the rationale for the pres-
ent system of calling a cancer papillary carci-
noma in spite of the fact that the majority of
the tumor may be follicullar.

On gross examination the majority of papil-
lary cancer are tan in color. In cases in which
hemorrhage has occurred or in which fibrosis is
prevalent the tumor may have areas of either
red or gray.? On palpation the tumor is firm.4
Nevertheless, in 47% of the cases in one series
small cysts are present and are filled with a
“thin brown fluid”.3 Encapsulation of the
tumor is seen on examination in 22% of the
cases? and is more commonly seen in predomi-
nately cystic lesions as compared with solid
tumors.?

In 1971 Woolner described papillary cancer
seen by light microscopy: “The typical histo-
logic picture is a mixture of papillary ex-
crescenses and neoplastic follicles containing
varying degrees of colloid”> (Fig. 1.1). The
percentage of papillary versus follicular ele-
ments in papillary cancer is quite varied.® The
papillae have a central fibrovascular area that
is composed of a vascular network with inter-
spersed connective tissue.” Lining the fibro-
vascular core is an epithelium of cells, typically
a monolayer, that is cuboidal in shape although
it sometimes approaches a columnar morphol-
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Figure 1.1. 100x original magnification hematoxylin-eosin stain of papillary thyroid carcinoma with papillae

(P) and follicular differentiation (F).

ogy.> The cytoplasm is typically described
as amphophilic; it has an abundance of both
mitochondria and cytoplasmic filaments as
documented by electron microscopy.4

The most intensely studied aspect of papil-
lary cancer pathology is the nucleus. The
appearance of the nucleus under a light micro-
scope reveals a round or oval nucleus that is
somewhat enlarged (Fig. 1.2). The nucleus is
hypodense with large areas that appear empty
and are apparently devoid of chromatin.4.8.9
Consequently, the nuclei appear opaque and
have been given many names including “clear,”
“pale,” “watery,” or—the most imaginative—
“Orphan Annie Eyes” (Fig. 1.2). Further-
more, a nuclear groove, which at times seems
to almost divide the nucleus in half, is fre-
quently found (Fig. 1.2). Electron microscopic
evaluation of the nucleus reveals chromatin
that is very dispersed, as well as a high degree
of nuclear folding.+”7 Furthermore, there are
frequent and deep invagations of the cytoplasm
into the nucleus. Some authors believe that the
nuclear groove is a reflection of the cytoplas-
mic intrusions into the nucleus.10

The etiology of the “Orphan Annie Eyes”
nucleus has been the subject of much debate.
Some authors believe it is simply an artifact

since the phenomenon is not present in frozen
sections.” On the other hand, other researchers
argue that because it is so reproducible it
must reflect a fundamental abnormality.4 Still
others believe that the dispersed nature of
the chromatin as shown by electron microscopy
is demonstrated in light microscopy by the
presence of a clear nucleus.1! Nevertheless, the
empty nucleus is one of the most consistent
findings in papillary cancer. Hapke and Deh-
ner found the Orphan Annie Eye in 83%
of thyroid cancer but in only two nonmalig-
nant thyroid lesions (2%).12 They concluded
that “clear nuclei when present as a diffuse
change in a thyroid tumor are a reliable sign
of papillary carcinoma but are not pathogno-
monic.”

Two studies have evaluated the sensitivity
and specificity of the nuclear groove as a means
of diagnosis of papillary cancer. Chan and Saw
found the nuclear groove to be present in 89
consecutive cases of papillary cancer but pres-
ent in only 2 thyroid specimens that were
non-malignant.10 Shurbaji et al. evaluated 124
consecutive thyroid aspirates for the presence
of a nuclear groove.!® They found grooved
nuclei in all 11 cases of papillary cancer but in
only 2 out of the 113 cases that were not papil-
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Figure 1.2. 100x original magnification hematoxylin-
eosin stain of papillary thyroid carcinoma with papil-
lae lined by uniform cells containing “Orphan Annie

lary cancer. Consequently, the nuclear groove
may be the most sensitive indicator of papillary
cancer, with a specificity that approaches, but
does not reach, 100%.

Consequently, the diagnosis of papillary can-
cer via pathology is not based on any single
criteria, but on a constellation of findings. In
particular, papillae projecting into open spaces,
as well as clear nuclei with prominent nuclear
grooves, are all important features of the
diagnosis. Another important indicator of the
presence of papillary carcinoma is psammoma
bodies (Fig. 1.2). Psammoma bodies (Greek
psammoma is “sand”) are calcific areas that are
laminated.3 Their rate of incidence in papillary
cancer is 50% in most series.”-%-14 Although
their etiology is still unclear, in general they
are believed to represent the remains of dead
papillae.2 Psammoma bodies are quite specific
for papillary cancer and are rarely seen in other
thyroid lesions.? They can be found some
distance from malignant cells; therefore they
serve as a signal for the physician to search
thoroughly for papillary cancer.?

A source of much confusion in the classifica-
tion of thyroid cancer has been the dilemma of
how to classify a lesion which has papillary ele-
ments intermixed with follicular components

Nuclei,” nuclear grooves (arrow), and psammoma
bodies (P).

(Fig. 1.1). Early studies based the diagnosis
on that histologic type that predominated.
However, over the years it has become appar-
ent that tumors that possess papillary tissue,
regardless of the amount, behave in a manner
similar to a lesion that is completely papillary
in nature (Crile and Hazard).!5 In 1973 Frans-
sila evaluated the course of 230 cases of thyroid
cancer that ware recorded in the Finnish Can-
cer Registry.1¢ He found that a comparison of
tumors that were mainly papillary with tumors
that were a mixture of papillary and follicular
components demonstrated a similar prognosis.
The survival curve for patients with these
tumors differed markedly however from the
group of patients with follicular cancer. These
results confirm the findings of Crile and Hazard
in addition to presenting strong evidence for
the classification of tumors as papillary even if
follicular elements predominate.

Discussion of the clinical characteristics of
papillary carcinoma of the thyroid is divided
into tumors greater than 1.5 cm and tumors
that are less than or equal to 1.5 cm (occult
papillary carcinoma of the thyroid). This
reflects the exceedingly benign course that
occult papillary cancer has compared with
papillary tumors that exceed 1.5 cm.
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Table 1.1. Papillary cancer of the thyroid greater than 1.5 cm
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Papillary Cancer Larger Than
1.5cm

A review of 15 series of papillary cancer is pre-
sented in Table 1.1.16-30 A]] series that had a
confirmed pathologic diagnosis of papillary
cancer and had follow-up data are included.
Some of the studies include tumors less than
1.5 cm in their analysis; however, for purposes
of completeness these will be included. Ex-
cluded from review were studies that did not
have the diagnosis proven by pathology or in
which subsequent studies published by the
same group either clarified the earlier data or
repeated large sections of the data. Areas left
blank in the table reflect data that were not
available. Mortality data included reflect death
directly due to papillary cancer. The data re-
viewed represents a total of 4791 cases of pap-
illary carcinoma of the thyroid.

The series reviewed includes studies with as
few as 62 cases of papillary cancer and as many
as 859 cases. Six of the studies were part of a

larger review of all types of thyroid carcinoma.
In these studies papillary cancer of the thyroid
comprised 44% to 81% of the total cases
of thyroid cancer. Only in the papers by
Franssilal® (Finland) and Beaugie et al.2* (En-
gland) did papillary cancer comprise less than
50% of the total. It appears that papillary can-
cer is clearly the predominant form of thyroid
cancer.

Table 1.1 shows that women are prone to
develop papillary cancer. Every study that in-
cluded the sex of the patient demonstrated that
women had a greater tendency to develop
papillary cancer than men did. Analysis of all
the available data reveals a female-to-male
ratio of 2.1:1 (1623:775). Although well docu-
mented, the reason that women have a ten-
dency to develop papillary carcinoma of the
thyroid is not yet understood.

McConahey et al. found in the Mayo Clinic
series that the two most common presenting
symptoms of papillary cancer were a mass in
the neck and cervical adenopathy, which were
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reported, respectively, by 64% and 22% of
their patients.30 In their series of 859 patients,
examination of the neck revealed a solitary
nodule in 56% of the patients and two or more
nodules in 21%. Of the 158 patients who had a
nuclear medicine scan performed, 84 revealed
a cold nodule, 3 had a hot nodule, 6 demon-
strated “patchy uptake,” and 65 had scans
that revealed “no focal uptake.”

Papillary cancer consistently affects a young-
er age group than follicular, medullary, or ana-
plastic cancer. In those studies where the
mean age at the time of initial presentation was
available it ranged from 32 to 49 years. It
should be noted that there appears to be a
direct correlation between mortality and mean
age at presentation. Consequently, the study
that included patients with the lowest mean age
at presentation had the lowest mortality rate.

The mean size of the cancer in studies where
this data was available was 2.4 to 2.5 cm.
Length of follow-up in the studies varied from
6.3 to 18 years. An extended period of follow-
up is needed because papillary carcinoma has
been shown to be the cause of death as long as
39 years following the initial diagnosis of the

cancer. It should be noted that despite the.

existence of this wide range, the majority of
deaths occur within the first five years.

The extent of spread of papillary cancer at
the time of diagnosis has been an area of great
interest. In particular, the degree of multi-
centricity of papillary cancer has been utilized
by many to advocate subtotal thyroidectomies
as opposed to more conservative surgical pro-
cedures. A true estimate of multicentricity is
difficult to obtain because an accurate deter-
mination requires that all patients have cervical
neck dissections and that serial sections be
performed by the pathologist. The literature
shows an incidence of multicentricity ranging
from 11% to 46%. The majority of studies
reveal an incidence of approximately 20%.
This correlates well with a 1960 study by Black
et al. who concluded that the incidence of
multicentricity of papillary cancer is at least
20% .31 Degroot et al., in the most recent study
published on papillary cancer of the thyroid,
found multifocality in 46% of all cases.?® The
high percentage found in their study probably

reflects the extensive nature of the surgery per-
formed in their series (65.8% had total or near
total thyroidectomies). It can be concluded
that multiple foci of papillary cancer are pres-
ent in a minimum of 20% of all cases but that
the actual incidence is probably closer to the
46% found by Black et al.

The extent that papillary cancer spreads
through the thyroid capsule to surrounding
local structures at the time of initial diagno-
sis has been reported by only a few authors.
This lack of information probably reflects the
retrospective nature of all of these studies, as
well as the fact that many of the studies that
were reviewed combined all differentiated
thyroid cancers into one group. Although the
range of local extrathyroidal spread in the liter-
ature was quite marked (5% to 33%), ex-
trathyroidal spread of papillary cancer at the
time of diagnosis was associated with an in-
creased mortality rate in every study. In these
patients death was secondary to obstructive
symptoms caused by the tumor growth as well
as to invasion into local structures. Further-
more, Mazzaferri and Young reported that
the recurrence rate was adversely affected by
the presence of extrathyroidal spread at the
time of diagnosis.?®

Cervical node metastases present at the time
of diagnosis have been found to be present in
as few as 11% of the cases and in as many as
72% of all patients. Comparison of the various
results is again difficult because the surgical
procedure performed, as well as the diligence
of the pathologist, has a direct effect on the
results obtained. Nevertheless, a compilation
of all the results shows that 45% (1412/3196)
of the reported cases had documentation of
cervical nodal metastasis. The effect that the
nodes have on mortality is, however, intri-
guing. Unlike most cancers, in which the pres-
ence of adenopathy is an indicator of a poor
prognosis, no study has shown an increased
mortality rate associated with the presence of
spread of this cancer to cervical nodes. In fact,
early literature in this area hypothesized that
cervical nodes are somehow protective and de-
crease mortality; indeed, two studies show an
inverse relationship between cervical meta-
stases and mortality. However, the majority of
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the studies show no relationship between cer-
vical node involvement and survival. The lack
of increased mortality in individuals with cer-
vical metastases remains baffling. It appears to
be related to the fact that the presence of cervi-
cal nodes is much more frequent in younger
patients and, as discussed previously, mortal-
ity is directly related to age. Nevertheless, the
explanation of the benign behavior of nodal
metastasis in papillary cancer remains an un-
answered question.

Six studies presented data on the presence of
distant metastases at the time of initial diag-
nosis. The incidence of these metastases was
always under 10%, ranging from 0.75% to
8.7%. The average rate of distant metastasis
was 4.2% (109/2624); pulmonary metastases
were the most common, followed by metas-
tases to bone sites.

The rate of recurrence of papillary cancer of
the thyroid was relatively consistent among the
various studies, ranging from 14.6% to 25.3%.
In most studies recurrence was defined as the
reappearance of thyroid cancer, diagnosed by
either pathology or radioiodine uptake, follow-
ing a disease-free interval. The frequency of re-
currence appeared to be highest in the cervical
nodes, followed by distant metastasis and local
extrathyroidal recurrence.

The mortality data presented in Table 1.1
reflects deaths that were directly due to papil-
lary cancer. The range from the various studies
was 1% to 21% with an overall average mortal-
ity of 8% from all studies combined. Analysis
of the studies with the lowest and highest
mortality rates may yield insights into the re-
sults obtained. Mazzaferri and Young’s study
revealed the lowest mortality rate (1%).25
However, of all the studies their patient
population was the youngest (32 years). Fur-
thermore, the 21% mortality discovered by
Franssila was found in a population with the
oldest mean age (49 years).1® Consequently,
the low and high mortality rates found in these
studies is probably a reflection of the mean age
of the population sampled, as almost every
study has shown a direct correlation between
age and mortality. Deaths were evenly divided
between those caused by local spread and

those due to the effects of distant metastasis
(mainly pulmonary).

It can be concluded therefore that the over-
all mortality of 8% is accurate in general, but
for any individual it is affected by a variety of
factors. In particular, the following variables
were found to typically correlate with a poor
prognosis: (1) increased age (above either 40
or 50 years), (2) increased size of the tumor
(typically above 4 cm), (3) the presence of ex-
trathyroidal spread at the time of diagnosis,
and (4) the presence of distant metastasis at in-
itial diagnosis. Two of the studies reviewed
found that males had a higher mortality rate
compared to females, but three other studies
found no such relationship.

Two studies are noteworthy because they re-
viewed the characteristics of a large number of
deaths due to papillary cancer that occurred in
a single medical center. Tollefsen et al. re-
ported on 70 fatal cases evaluated at Memorial
Hospital for Cancer and Allied Diseases3? and
Smith et al. discussed 56 fatal cases from the
Mayo Clinic and Medical Center.?3 Due to the
uniqueness of these studies, they will be discus-
sed separately.

Tollenfsen et al. reviewed 70 deaths caused
by papillary cancer from 1930 to 1962. They
found 64% of the deaths occurred in women,
as opposed to 36% in men. Furthermore, the
mean age at diagnosis was 52 years. These re-
sults were compared to a control group of sur-
vivors (n = 262) whose mean age was 39 years
and was 28% male. At diagnosis, 20% of the
patients who eventually expired had recurrent
laryngeal nerve paralysis, versus only 3% of
the controls. Furthermore, at the time of di-
agnosis 29% had tumors greater than 5 cm, in
contrast to 9.5% of the controls. The median
survival time for all 70 patients was 5 years;
however, those individuals (n = 28) whose ini-
tial surgery was not curative survived only 14
months. The cause of death was due to local
recurrence in the neck (40%), pulmonary dis-
semination (31%), brain metastasis (10%),
and bone involvement (10%).

Smith et al. performed a case-control study
matching (for age and sex) 56 patients who
died from papillary cancer with 56 survivors
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selected from a total of 803 survivors of papil-
lary cancer. The mean age for the fatal cases
was 59 years versus 42.4 years (p < .05) for the
survivors as a whole. Interestingly, the fatal
cases had a male-to-female ratio of 1.0:0.93
compared to 1.0:2.25 in the group of survivors.
The group in which the cancer proved lethal
showed a significant increase in hoarseness,
vocal cord paralysis, and extrathyroidal inva-
sion as well as larger tumor size (4.3 cm vs. 1.9
cm) compared with the control group. Further-
more, local tumor recurrence was seen in 41%
of the fatal cases and in 0% of the cases in
which patients survived (p < .001), and distant
spread was seen in 80% of those who died and
in 0% of the survivors (p < .0001). The mean
survival time for the 56 individuals who died
was 8.5 years (range: 1 month to 31 years) with
14% of the deaths occurring after 20 years. The
most frequent cause of death was pulmonary
involvement (37%), followed by local exten-
sion (36%) and neurologic involvement (21%).
These two studies confirmed some indicators
of poor progosis and shed new light on
another. Confirmed are the associations of in-
creasing age, size of the primary tumor, and
extrathyroidal invasion with an increased mor-
tality rate. The studies also provide further
support for the widely held belief that death
due to papillary thyroid cancer needs to be
monitored over decades, as opposed to a lim-
ited 5 year follow-up. On the other hand,
these studies support the notion that, although
papillary thyroid cancer has a higher incidence
in women, it is more often lethal in men. This
was found to be particularly true in the study
by Smith et al. in which the male-to-female
mortality ratio was greater than unity.

Occult Papillary Carcinoma
of the Thyroid

The concept of occult papillary carcinoma of
the thyroid is one that has evolved over time.
In 1942 Frantz et al. described thyroid tissue
that was normal but displaced laterally in the
neck and coined the term “lateral aberrant
thyroid.”34 What was not appreciated was that
these were, in actuality, metastasis from small

foci of primary neoplasm within the thyroid
gland. In 1948 Wozencraft et al. clarified their
true nature as being a thyroid metastasis from a
small, nonpalpable focus within the thyroid.3>
The first series published on this topic came
from Memorial Hospital in 1948, in which
three cases were described.3> That paper
strongly advocated careful pathologic review of
the thyroid to try to locate a primary lesion,
arguing that it is never normal to find thyroid
tissue lateral to the carotid sheath.

The definition of occult carcinoma is a thy-
roid cancer the longest axis of which is equal to,
or less than, 1.5 cm.16,24.25,28,29.36—45 There
is disagreement in the literature regarding
whether or not to include primary tumors that
are palpable. For the purposes of this discus-
sion we will define occult carcinoma as being
tumors that are equal to or less than 1.5 cm,
regardless of whether or not they are palpable.
This definition is consistent with the majority
of the published literature. What will become
apparent in this review is the benign course in-
dividuals have with this disease despite the fre-
quent presence of cervical metastasis. A total
of 1579 cases of papillary cancer less than or
equal to 1.5 cm were reviewed (see Table 1.2).
Five studies were performed in America, four
in Japan, and data are included from eight
other countries. It should be noted that five of
the studies were autopsy studies, whereas the
rest of the studies were retrospective analysis
of patients who underwent thyroid surgery. In
the following discussion, comparison will be
made between the autopsy and retrospective
studies of occult papillary cancer. Further-
more, both groups will be compared to these
studies reviewed earlier which included pa-
tients whose primary thyroid tumor was great-
er than 1.5 cm.

Review of the retrospective studies reveals
that occult cancer comprises 14% to 46% of
all papillary carcinoma. In particular, all the
studies done in the United States show an in-
cidence of 25% or greater. The percentages of
occult papillary cancer of the thyroid detected
at autopsy in a given population are even more
revealing. Although the overall range is 5% to
28%, there is a clear dichotomy between indi-
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Table 1.2. Occult papillary carcinoma of the thyroid
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viduals of a Japanese background and those
of other nationalities. The studies that were
either performed in Japan or include Japanese
living in Hawaii reveal an incidence of occult
cancer of 17% to 28%. In contrast, the range
for the rest of the studies is 5% to 9%. In con-
trast to the increased rate of occult papillary
cancer seen in the Japanese population, their
incidence of clinically apparent papillary can-
cer of the thyroid is similar to that of other
populations. This has led some authors to
speculate that although more thyroid carci-
nogens are present in Japan there is a relative
paucity of promoting factors.41,46

Of the eight retrospective studies, three pre-
sented data regarding the sex distribution of
individuals with occult papillary cancer. The
three confirmed the marked tendency for
women to develop cancer found in the earlier
review of papillary cancer. In contrast, the
autopsy studies do not show this tendency. An
analysis of all the autopsy data reveals a male—
female ratio of 10: 11 (347:388). Consequently,

occult papillary cancer of the thyroid diag-
nosed at autopsy lacks the distribution by sex
seen in papillary cancer, even in occult papil-
lary cancer that had come to surgical excision.
The reasons for this discrepancy are not known.

Cervical nodes involved with tumor were
present in 23% to 65% of the retrospective
studies—an average of 41% (111/269). Surpris-
ingly, this is only somewhat decreased from
the 45% found in papillary tumors larger than
1.5 cm. The percentage of involved cervical
nodal metastasis in the autopsy studies was con-
siderably lower, ranging from 1.5% to 27%. It
is impossible to tell if this reflects a true differ-
ence or if it is instead secondary to differences
in the extent of cervical neck dissection and/
or pathlogic review performed in the various
studies.

Mortality data reveal five deaths attributable
to occult papillary cancer in the 1579 patients
reviewed. Review of the literature reveals one
other case of death due to occult papillary
cancer.*’” Consequently, the mortality rate is
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0.38% (6/1580). This confirms the benign
course of this tumor; an outcome suggested by
Woolner et al. in 1960% and confirmed in every
subsequent study. Clinical information on the
cause of death in five of the six patients was
available. All five of these individuals had dis-
tant spread of the tumor; one patient also exhi-
bited local recurrence. In the three instances
where sex and age were available all three indi-
viduals were men with a mean age of 61 years.
Although these data are obviously limited,
there is a suggestion of an increased mortality
in older men, with occult papillary cancer with
distant spread (most frequently pulmonary)
being the cause of death.

In conclusion, occult papillary carcinoma of
the thyroid, although frequent, is rarely dead-
ly. Consequently, once the diagnosis is made it
portends an excellent prognosis. One caveat to
this is that older men may have a slightly worse
prognosis than the group of occult papillary
cancer patients as a whole.

Nuclear DNA Content

The challenge in treating patients with papil-
lary cancer is to identify those individuals who
have the worst prognosis. Clearly, certain char-
acteristics such as advanced age, larger tumor
size, and extrathyroidal and distant metastasis
are associated with increased mortality. Never-
theless, the majority of individuals with these
risk factors do not die from papillary cancer.
Consequently, a novel marker is needed to
identify more precisely those individuals with a
poor prognosis. Research in the past decade
has focused on the cellular DNA content of in-
dividuals with papillary cancer. The assump-
tion is that patients with nondiploid nuclear
DNA, be it aneuploid or tetraploid, would
have a worse prognosis. To be of use, this pre-
dictor would need to serve as an indicator in-
dependent of other known prognostic indica-
tors, as analyzed by multivariate analysis. This
section will review eight studies that attempt to
answer this question.

Johannessen et al. (1983) reported a case of
a 70-year-old woman with papillary cancer who
in a 9-year period had tumor spread to the
thoracic wall, groin, and thigh before she died

from an unrelated disease.*® Flow cytometry of
the DNA revealed that although diploid cells
were present, the majority of the cells were
tetraploid. They postulated that the aberrant
nature of the cellular content was responsible
for the tumor’s invasive behavior. They noted
that DNA cellular analysis of papillary cancer
had in no prior case revealed a tumor with
tetraploid cells.

In 1986 Joensuu evaluated the DNA content
of 125 patients with differentiated thyroid can-
cer, 82 of whom had papillary cancer.5° Flow
cytometry revealed that 75% (n=62) of the
papillary group had diploid cells, whereas 24%
(n=20) had aneuploid cells. Analysis of the
10-year survival rate for the two groups re-
vealed a 95.7% survival rate in patients with
diploid DNA versus 75.4% in individuals with
aneuploidy. For the entire 125 patients of the
study, aneuploidy was associated with increased
mortality (p <.0001) as well as with an older
age group (p <.002). However, utilizing Cox’s
stepwise proportional hazard model, the age of
the patient, pathology, and tumor size were
independent prognosticators of survival, but
aneuploidy was not. They postulate that the
poor prognosis seen in older patients with
papillary cancer is due in part to an increase in
aneuploidy with age.

Further data on the role of nuclear DNA
content in papillary cancer appeared in an arti-
cle in the World Journal of Surgery in 1984 by
Cohn et al.5! Ten individuals who died from
papillary cancer were compared to a control
group of 80 survivors. Analysis of the DNA
content revealed that all 10 nonsurvivors had in
excess of 70% aneuploid cells, whereas all of
the survivors had less than 60% aneuploid cells
at analysis. They conclude that DNA analysis
may offer important prognostic information.
However their study did not perform multi-
ple regression analysis to determine if DNA
cellular analysis is an independent prognostic
variable.

In 1986 Bachdahl et al. extended the work of
Cohn et al. by performing the requisite statisti-
cal tests.52 They compared the 10 patients who
died of papillary cancer to the 80 survivors and
performed multiple linear regression analysis.
They found that for papillary cancer the nu-
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clear DNA cell content was a better prognostic
indicator than all known indicators combined.
Furthermore, regression analysis revealed that
DNA content added further prognostic in-
formation when compared to the other known
indicators. They concluded that nuclear DNA
measurement should be performed on all pa-
tients with papillary cancer.

Smith et al. performed a retrospective case-
control study of 56 lethal cases of papillary can-
cer and compared it to a control group of 56
survivors matched for age and sex.33 They per-
formed flow cytometry to assess nuclear DNA
content in 20 lethal cases and in 20 matched
controls. They found that 25% (n=5) of the
lethal group exhibited aneuploidy as compared
with 0% of the survivors (p <.05). They con-
cluded that DNA ploidy is a prognosticator in
papillary cancer; however, they did not per-
form a multiple regression analysis.

In 1989 Ekman et al. performed nuclear
DNA measurement on 32 cases of papillary
cancer diagnosed at age 20 or younger.>3 They
found that 81% (n=26) exhibited a diploid
pattern and 19% (n = 6) revealed aneuploidy.
Despite a median follow-up of 22 years (range:
10 to 35 years) there were no deaths in their
series. Furthermore, the 2 patients who pre-
sented with lung metastasis and the 5 patients
with local recurrence all had diploid nuclei.
They concluded that nuclear DNA analysis
does not yield prognostic information in young
patients. They also demonstrated that a sig-
nificant proportion of patients under 20 years
exhibit aneuploidy.

Another study evaluating the impact of nu-
clear ploidy in papillary thyroid carcinoma was
published in 1990 in the International Journal
of Cancer. Schelfhout et al. performed flow
cytometry on 168 patients whose cases were
followed for 9.5 years, 71 of whom had papil-
lary cancer.’* They found that the cellular
DNA was aneuploid in 23% of the cases
of papillary cancer and that aneuploidy was
more common in individuals with moderately
differentiated malignancies than in well-dif-
ferentiated malignancies (p < .001). Further-
more, the 10-year survival rate was lower in
those individuals with moderately differenti-
ated tumors. Nevertheless, due to the presence

of benign adenomas in their study that were
aneuploid, as well as near-diploid undifferenti-
ated carcinoma, they concluded that the rela-
tionship between survival and cellular DNA
content was nuclear.

The most recent study addressing this topic
was published in 1990 and was included in a
book on thyroid carcinoma in the Endocrinol-
ogy and Metabolism Clinics of North America
series. Hay reported on 209 patients with papil-
lary carcinoma who had had DNA analysis
performed.5> Median follow-up time for the
group was 15.5 years. He found that DNA
aneuploidy was associated with the highest
mortality rate and that diploid tumors had the
lowest mortality; patients who were polyploid
had a mortality rate between the two extremes
(p <0.0001). Furthermore, DNA content was
found to be an indepent prognosticator when
analyzed by both the EORTC (European
Organization for Research on Treatment of
Thyroid Cancer) and AGES [A (patient age),
G (tumor grade), E (extent of local invasion
and distant metastes), S (size of the tumor)]
classification schemas. Hay concluded that
nuclear DNA analysis yielded important prog-
nostic information and stated that “ . . . we at
the Mayo clinic plan to offer DNA ploidy as a
routine laboratory test. . . .”>5

Thus two studies have demonstrated that,
when subjected to multiple regression analysis,
cellular DNA content is found to be an inde-
pendent prognostic indicator. However, cer-
tain caveats remain. Ekman et al. have demon-
strated that aneuploidy is common in young
patients without adverse effects. Schelfout et
al. have shown that benign adenomas may be
aneuploid and that deadly undifferentiated thy-
roid cancer may be diploid. Therefore, the role
of flow cytometry still requires further study.
Prospective studies controlling for the type of
surgery and medical therapy are needed to
further clarify the role of nuclear DNA as a
prognosticator for those individuals with the
WOTISt prognosis.

Predictive Models

Due to the lack of precision in predicting which
patients with papillary cancer will have the



1. PAPILLARY THYROID CARCINOMA 11

worst prognosis, three predictive models have
been proposed. All three models utilize stan-
dard clinical criteria in a multivariate analy-
sis in order to predict which patients have
the greatest likelihood of death secondary to
thyroid cancer. The models are the Euro-
pean Organization for Research on Treatment
of Thyroid Cancer (EORTC, published in
1979),56¢ the AGES model (proposed in
1987),57 and the AMES model (published in
1988).58 All three models will be reviewed be-
low. However, it is important to note that none
of the models have been evaluated prospec-
tively.

From 1966 to 1977 The European Thyroid
Cancer Co-operative Group gathered data on
1183 thyroid cancer patients from 23 European
Hospitals.’¢ Their study included individuals
with all types of thyroid cancer and was not
limited to patients with papillary cancer. Follow-
up data was available on 507 individuals (me-
dian follow-up: 54 months). Utilizing multi-
variate analysis (Weibull survival model) they
developed a mathematical model to predict
prognosis in patients with thyroid cancer. Spe-
cifically, age at the time of presentation, sex,
pathologic diagnosis, presence of an anaplastic
component, extension of the primary tumor,
and presence of one or more distant metastases
are each assigned a numerical score, and are
then tallied for each patient. Utilizing an actua-
rial table the patient’s score can then be used to
predict the expected five-year survival rate.

Three retrospective studies published from
1980 to 1987 evaluated the utility of the
EORTC prognostic index for thyroid carcino-
ma. Hannequin et al. used the EORTC criteria
to evaluate 480 French patients with thyroid
cancer.>® They found that although the major-
ity of the EORTC criteria were validated, their
own classification system yielded better prog-
nostic information. They concluded that for
each population studied, a separate prognostic
schema would need to be established using
multifactorial analysis. However, Kerr et al.
found that the EORTC index was applicable to
their 441 patients in England with thyroid
carcinoma.®® They found the EORTC index
was predictive of survival in their group and
concluded by recommending “ . . . the adop-

tion of their (EORTC) prognostic index as an
aid to prediction of survival. . . .” Tennvall et
al. applied the EORTC prognostic index to 226
cases of differentiated thyroid carcinoma.5!
They found that only three of the EORTC cri-
teria were significantly associated with survival
in their study population. They questioned the
validity of the EORTC index for patients with
differentiated thyroid carcinoma, concluding
that separate prognostic indexes should be
formed for each of the histologic variants of
thyroid carcinoma.

In 1987 Hay et al. published a prognostic
scoring system designed specifically for papil-
lary cancer. Hay et al. performed a retrospec-
tive analysis of 860 patients with papillary car-
cinoma of the thyroid who were treated at the
Mayo Clinic from 1946 to 1970.57 Median
follow-up was 18.3 years in the group of pa-
tients who survived. Fourteen prognostic vari-
able were subjected to a step-up multiple re-
gression analysis. Patient’s age (A), the tumor
grade (G), the presence of local invasion and
distant metastases—the extent (E), and size
(S) of the tumor were shown to be independent
prognostic variables utilizing their model
(AGES). Patients were then evaluated using
these four criteria, after which a numerical
score was derived that yielded prognostic in-
formation.

Cady and Rossi published a prognostic scale
based on experience with 821 patients at'the
Lahey Clinic Foundation.’® Their scale in-
cluded patients with both papillary and folli-
cular carcinoma and, similarly to the scales
previously reviewed, it was retrospective in
nature. Their scale is based solely on clinical
criteria and included the following four vari-
ables: patient age (A), distant metastases (M),
the extent of the thyroid carcinoma (E), and
finally, the size of the primary lesion (S). The
authors concluded that their AMES scale can
be applied to both papillary and follicular car-
cinoma of the thyroid with equal accuracy.

Hay recently reviewed the experience at the
Mayo Clinic treating papillary cancer of the
thyroid over a 40-year period (1945 to 1985).55
A total of 1500 patients were included in this
retrospective analysis with a median follow-up
of 15.5 years. He compared the EORTC,
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AGES, and AMES prognostic indexes in rela-
tion to this cohort of patients. The results re-
vealed that all three models yielded important
prognostic information. He concluded that “It
does, therefore, appear that for patients with
papillary thyroid carcinoma it should be possi-
ble at the time of initial operation to make an
accurate prediction with regard to likely post-
operative outcome.”

It can therefore be demonstrated through
the use of multivariate analysis that models
predictive of ultimate outcome in patients with
papillary cancers can be formulated. The pres-
ent models, however, need to be evaluated in
prospective studies in which treatment modali-
ties are standardized. Furthermore, analysis of
the utility of the DNA content of the nucleus as
an independent prognosticator needs to be a
component of any such trial.

Treatment

The hallmark of management of papillary can-
cer of the thyroid is thyroid surgery, regardless
of the size of the presenting lesion (see Chapter
5). Following surgical intervention, radio-
iodine (discussed in Chapter 7) and thyroid
hormone suppression therapy are often ad-
vocated as adjunctive therapy. Analysis of
the utility of thyroid hormone in the treatment
of papillary cancer must balance the benefits of
decreasing the recurrence and mortality rate of
papillary cancer against the deleterious effects
on bone density known to occur with suppres-
sive doses of thyroid hormone.

Treatment of papillary cancer of the thyroid
following surgery with suppressive doses of
thyroid medication has become standard ad-
junctive therapy. However, no study has pros-
pectively evaluated the efficacy of thyroid hor-
mone treatment. In fact, all the studies that
address this issue are retrospective nonrando-
mized studies. The first series that evaluated
the effect of therapy with thyroid hormone on
the recurrence and mortality rates from papil-
lary cancer was published by Dr. George Crile
in 1957.62 He reported on 16 patients treated at
the Cleveland Clinic for papillary cancer with
thyroid therapy following surgical interven-
tion. He concluded that hormonal therapy was

definitely beneficial in 10 of the cases and pos-
sibly beneficial in the remaining 6. Although it
is unclear if he thought that thyroid hormone
actually arrested the growth of papillary cancer
or if it simply retarded its progression, he con-
cluded by stating, “All patients operated on
for thyroid cancer should be given dessicated
thyroid to prevent recurrences.”

In 1959 Crile, McNamara, and Hazard re-
viewed 107 cases of papillary cancer followed
at the Cleveland Clinic.%? Patients operated on
prior to 1953 were not placed on dessicated
thyroid postoperatively, whereas patient oper-
ated on after 1953 were routinely treated with
2 to 3 grains of dessicated thyroid daily. The
group not placed on dessicated thyroid had a
recurrence rate of papillary cancer in the cer-
vical nodes of 24% (15/58), compared to 16%
(2/15) in the group treated with hormonal ther-
apy. They concluded: “The routine feeding of
2 or preferably 3 grains of dessicated thyroid
daily after all operations for papillary cancer
appears to have decreased the incidence of
recurrence.”

Further evidence for the beneficial effect of
thyroid hormonal treatment of papillary cancer
was published by Crile in 1966.64 Nineteen pa-
tients with surgically incurable papillary cancer
were placed on dessicated thyroid. He found
that 12 of the 19 patients had either regression
of the tumor or stabilization of the tumor mass,
while 7 patients did not respond to dessicated
thyroid and eventually died from extension of
the cancer. It should be noted that the patients
under 40 years old were more responsive to
dessicated thyroid than the older age group.
This may reflect, of course, the more benign
course that papillary cancer patients under 40
years old experience, and may be totally inde-
pendent of the effect of hormonal therapy.

Crile summarized his experience at the
Cleveland Clinic in a 1971 article which re-
viewed 307 cases of papillary cancer treated at
the Cleveland Clinic from 1937-1964.95 He
concluded that the mortality rate for papillary
cancer following 1954 (when dessicated thyroid
began to be routinely administrated postopera-
tively) was appreciably lower than the years
preceeding 1953. Thus the experience at the
Cleveland Clinic, although retrospective, re-
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vealed a beneficial effect of thyroid hormone
replacement. However, not all studies have
found thyroid hormone administration bene-
ficial in the treatment of papillary cancer of the
thyroid. Cady et al. published a retrospective
series of 761 patients treated at the Lahey
Clinic between 1931 to 1970 for differentiated
thyroid cancer.%® Seventy-one percent of the
patients had papillary cancer and the median
follow-up period was 18 years. Patients treated
prior to 1960 were not routinely placed on thy-
roid hormone postoperatively; their survival
curve was compared to individuals operated
on after 1960, all of whom received thyroid
replacement therapy. No significant difference
was found in survival rates between the two
groups. They concluded that “these data sug-
gest that the administration of thyroid hor-
mone as an adjunct to operation for differenti-
ated thyroid cancer to suppress TSH does not
improve survival times.”%6

The most recent study evaluating the role of
thyroid hormone as adjunctive therapy for
papillary cancer was conducted by Mazzaferri
and Young in 1981.25 Their study consisted of
576 patients with papillary cancer diagnosed
between 1962 to 1972. The mean age for the
entire population studied was 32.4 years and
the median follow-up period was greater than
10 years. They found a decrease in recurrence
rates, as well as an increase in survival rates in
patients treated with thyroid hormone. They
concluded that thyroid carcinoma greater than
1.5 cm should be treated with a variety of mod-
alities including “life-long thyroid hormone
suppression of endogenous thyroid stimulating
hormone. . . .”

Clearly, the majority of the studies conclude
that thyroid administration should be a stan-
dard part of the adjunctive medical treatment
of papillary cancer. However, this conclusion is
not universally accepted. Furthermore, the
studies cited are all retrospective analyses
that often compare survival rates in different
decades and do not control for the different
surgical procedures performed. Furthermore,
none of the studies utilized a sensitive thyroid-
stimulating hormone (TSH) assay that was able
to detect suppressed TSH. Consequently, it is
unclear if the group of patients on thyroid hor-

mone was receiving suppressive doses. How
effective thyroid administration is as adjunct
therapy in the treatment of papillary cancer
remains unanswered. However, given that the
vast majority of the data reveal a beneficial
effect of thyroid suppressive therapy (despite
the limitations of the studies already discussed)
this treatment should be considered standard
medical practice until proved otherwise. Hope-
fully, a prospective, randomized, double-blind
study assessing the role of thyroid hormone in
papillary cancer will be performed. In particu-
lar, it has not been shown that patients who are
at low risk for recurrence or mortality from
papillary cancer (which comprise the majority
of the patients) benefit from suppressive ther-
apy. Further study of this question has become
increasingly important because the benefits of
treatment must be compared with the osteo-
porotic effect of suppressive doses of thyroid
hormone.

Summary

In conclusion, papillary carcinoma, although
one of the more indolent cancers, still has an
8% mortality rate. We have identified certain
variables that are indicative of a good prog-
nosis, the best of which is the presence of
occult papillary cancer. The examination of
nuclear DNA, although still under investiga-
tion, will probably be helpful in prognosticat-
ing, but is, at best, only part of the answer. The
challenge for the future is to enhance our abil-
ity to select those individuals with the worst
prognoses. At that point intervention trials can
be designed so as to further refine our treat-
ments, thus decreasing the present mortality
rate of 8% to 0%.
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Follicular Carcinoma of
the Thyroid

ROBERT P. FIEDLER

Introduction

Follicular carcinoma of the thyroid is one of
the subgroups of differentiated thyroid carcino-
ma. This group also includes papillary carcino-
ma and the follicular variant of papillary carci-
noma. Hiirthle cell (oxyphil cell, Askanazy cell)
carcinoma is now considered a subgroup of fol-
licular carcinoma. Although these tumors are
all generally slow growing, late to metasta-
size, and often associated with a normal life
span, there are significant differences among
them. This has produced much confusion in the
literature, where authors have lumped them
all together as “well-differentiated carcinoma”
and have reported results of treatment in large
series without regard for separating patients in
terms of risk factors. Finally, there is great
variability in length of follow up in a relatively
slow growing lesion. In attempting to under-
stand follicular carcinoma it is important to
remember that its etiology, epidemiology,
pathology, clinical features, pattern of growth
and spread, prognosis, and response to various
treatment modalities are different from other
tumors in this group.

Epidemiology

The incidence of follicular carcinoma of the
thyroid varies with the level of iodine intake.
In areas of adequate iodine ingestion follicular
carcinoma accounts for approximately 5% of
thyroid cancer. In iodine deficient areas there
is an increase to 25 to 40%.12 It accounts for
approximately 15% of thyroid cancer seen in
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the United States.? In 1981 Woolner reported
that in a series of 885 patients with well dif-
ferentiated thyroid cancer collected over 30
years, 17.7% of the thyroid malignancies were
follicular.# The female-to-male ratio was 2.6:1
and the mean age was 50 years. This correlated
well with Young and Mazzaferri’s series of 214
patients with follicular carcinoma selected from
the group of 1500 patients described in tumor
registry of the Armed Forces—an incidence
of 14%.5 These statistics are not stable with
respect to time, nor are they the same in other
areas of the world. This variability is best cor-
related with the incidence of endemic goiter and
with the relationship of iodine intake to goiter.

The effect of iodine intake on endemic goiter
was seen in 1924 in Michigan by Olin who
noted an inverse relationship between the
iodine content of drinking water and the in-
cidence of goiter.6 He suggested the use of
iodized salt. After iodized salt was introduced
the incidence of goiter was reduced from its
previous level of 38.6% to 1.4% in 1951. In
Switzerland iodized salt was introduced as
early as 1840. The subsequent incidence of
goiter fell from 40% to 8.2%.7

The link between goiter and follicular carci-
noma was demonstrated by Beahrs in 1951.8
He compared the incidence of papillary versus
follicular carcinoma in 517 patients operated
on during two periods: a period of high inci-
dence of goiter from 1907 to 1937, and a period
of low incidence of goiter from 1938 to 1947.
The proportion of papillary carcinoma doubled
from 30 to 60% and follicular carcinoma fell
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from 30.4% to 17.6%. When there was a low
goiter incidence the proportion of total tumors
that-was papillary changed from 30% to 60%;
the proportion of follicular fell from 30.4% to
17.6% . Other types of thyroid carcinoma make
up the difference to equal 100%.

In 1969 Cuello et al. studied 229 patients
from a nonendemic goiter area (Connecticut)
and 217 patients from an endemic goiter area
(Cali, Colombia).® Approximately 75% of fol-
licular carcinoma was associated with goiter
versus approximately 55% of papillary carci-
noma. Although no difference in the incidence
of papillary carcinoma was found in the two
areas, the incidence of follicular carcinoma was
greater in Cali. In men in Cali, follicular carci-
noma was seven times as common as it is in
women, while in Connecticut it was only three
times more common in men than in women.

Williams and Doniach compared the inci-
dence of papillary versus follicular carcinoma
in an area of high iodine intake (Iceland) with
an area of low iodine intake (Northern
Scotland).10 In the area of low iodine intake
the ratio of papillary to follicular carcinoma
was 3.6:1, as opposed to 6.5:1 in the resion of
high iodine intake.

A single contradictory study was reported
from Denmark in 1976.11 When endemic goiter
area was compared with a nonendemic goiter
area, the incidence of follicular carcinoma was
found to be similar in both areas.

Several other factors are considered to be
important in the etiology of follicular carcino-
ma. Although a clearly increased incidence of
chronic thyroiditis has been demonstrated in
patients with thyroid carcinoma,!? it is general-
ly agreed that chronic thyroiditis does not play
a causative role, and may even be protective.
Occult, grossly evident, multicentric, and meta-
static thyroid carcinoma have all been found
in patients with Graves’ disease.!® Although
debate continues as to whether there is an
increased incidence of thyroid carcinoma in
patients with Graves’ disease, the weight of
evidence seems to point to the fact that there
is,14 furthermore, thyroid carcinoma tends to
be more virulent due to the presence of TSAb
(Thyroid stimulating antibody).!5

Stanbury reported three patients with inborn

errors of iodine metabolism who developed
thyroid carcinoma—two follicular and one
anaplastic.16 One patient with follicular carci-
noma had a peroxidase defect, goiter, and con-
genital cretinism. The other patient with fol-
licular carcinoma had a goiter, with increased
131] uptake in the thyroid and lung metastases.
The patient’s mother and 6 of his 12 siblings
were goitrous. The patient was later studied by
Cooper.17 He found a leak of inorganic iodine
from the gland with increased 13!I uptake in
two of the affected patients but not three
others. He mentions 15 prior cases of thyroid
malignancy associated with familial goiter but
only 4 had strict pathological criteria for malig-
nancy.

A link between elevated TSH and the devel-
opment of follicular carcinoma is postulated.
In animals with elevated thyroid-stimulating
hormone (TSH), hyperplastic thyroid tissue
degenerates into follicular tumors. However,
the evidence is not as clear in humans. In
humans both benign and malignant thyroid
tumors that develop in congenital goiter are
follicular. The two patients in Cooper’s study
who developed follicular carcinoma both had
partial thyroidectomies and were therefore
exposed to increased TSH.

Although genetic abnormalities associated
with thyroid cancer have been reported (Multi-
ple Endocrine Neoplasia-Type II [MEN II]
with medullary carcinoma and Gardner’s syn-
drome with papillary carcinoma), pure follicu-
lar carcinoma has not been reported in the
absence of familial goiter. However, in 1983
Riccabonna et al. reported a family in which
four of eight children born of nongoitrous
parents developed Hurtle cell carcinoma.!®
Another disorder associated with follicular car-
cinoma is Cowden’s Syndrome, which consists
of follicular tumors, with arrhenoblastoma and
multiple hamartomas.!%20 Finally, unknown
environmental factors may play a role. Ricca-
bonna reported three couples with thyroid
cancer one of which had follicular carcinoma.18

Clinical Features

Although it was initially felt that follicular car-
cinoma was rare under the age of 40, this is no
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longer the case.?! Cady reviewed the expe-
rience at the Lahey Clinic from 1935 to 1975
and found that although follicular carcinoma
tended to occur in older patients prior to 1960,
a shift occurred after that date.22 More young-
er patients began to present with follicular car-
cinoma and more older patients presented
with papillary and papillary—follicular carcino-
ma, so that the incidence became essentially
the same among different age groups. Almost
half the patients with follicular carcinoma were
under the age of 40. Similar results were found
by Young and Mazzaferri in their review of
follicular carcinoma in the Armed Forces,’ in
which the mean age was found to be 35 years.

It is generally felt that follicular carcinoma
occurs more commonly in women than in men.
Young and Mazzaferri found that 72% of fol-
licular carcinoma in their series occurred in
women.> In Cady’s series, follicular carcino-
ma was more common in men than papillary
or papillary-follicular carcinoma (35% versus
22%). Men and women did not differ signif-
icantly in age or manner of presentation.

Follicular carcinoma of the thyroid generally
presents as a solitary nodule in a gland that is
otherwise normal to palpation, or may less
commonly be found as a dominant nodule in a
multinodular gland. However, it is three times
more likely to be occult than other forms of
well-differentiated thyroid carcinoma.?? 1In
Young and Mazzaferri’s series, 85% presented
with a thyroid nodule and 75% of those were
less than three cm.3 A follicular nodule on pre-
sention may be increasing in size or be so slow-
ly growing that an increase in size may not be
appreciated. Less commonly, hoarseness
secondary to involvement of the recurrent
laryngeal nerve or dysphagia secondary to
esophageal compression may be a presenting
symptom.

In the same series, 182 of 214 patients pre-
sented with disease apparently limited to the
thyroid, 19 had palpable lymph nodes, and 7
presented with distant metastases (these are
less common and appear in lung, brain, or
bone). In two patients who presented with
single metastases (one pulmonary and one
bone), the primary lesion could not be iden-
tified. In one patient described by Boehm who

had a slowly growing solitary metastasis to the
skull a 3 mm lesion was found in the thyroid at
surgery.?3 Less commonly, presentation may
occur with signs and symptoms of spinal cord
compression.?* Finally, functioning follicular
carcinoma may produce thyrotoxicosis. It is
rare for the disease to present in this manner;3°
it is usual for widespread functioning meta-
stases to be present.?> Triiodothyronine (T3)
toxicosis has also been reported.26

Laboratory evaluation has not been helpful
in diagnosing follicular carcinoma; thyroid
function tests are generally normal. Measure-
ment of thyroglobulin has not been found to
be useful in differentiating follicular carcinoma
from benign follicular adenoma or from other
malignant thyroid lesions. Schaeder and his
colleagues measured thyroglobulin levels in
904 adult patients who had a history of child-
hood radiation therapy.?” Although levels
tended to be higher in patients with nodules
than without nodules, too much overlap lim-
ited its usefulness as a screening test. Mean
levels in patients with benign and malignant
nodules were indistinguishable. The latter
were confirmed by Bascheri and his colleagues,
who noted that several benign thyroid diseases,
for example, Hashimoto’s thyroiditis, Graves
disease, and nontoxic goiter may be accom-
panied by high thyroglobulin levels.28

Of the radiological procedures 1311 or 123]
scanning is the most useful because follicular
carcinoma can be virtually ruled out in a solit-
ary nodule that is “hot,” that is, autonomous.
There are, however, scattered reports of fol-
licular carcinoma in a hot nodule.?® Of the
nodules that are “cold,” or take up less radio-
active iodine than the rest of the gland, 10%
to 20% may be carcinoma.

Ultrasound is useful in the patient with a
“cold” nonfunctioning nodule on scan. It can
differentiate a cyst, which has a very low prob-
ability of malignancy, from a solid lesion.
Although it was initially felt that a “halo”
around a solid lesion was an indication that it
was probably benign, this is no longer believed
to be the case; it is generally felt that sono-
graphy is not useful in determining whether a
solid lesion is benign or malignant.

Computed tomographic (CT) scanning and
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magnetic resonance imaging (MRI) are useful
in locating metastatic lesions but have not
helped in differentiating benign from malig-
nant lesions. MRI has been used to evaluate
resected tissue.®® The T-1 was found to be
higher for malignant tissue than for normal
thyroid or benign adenoma; however, it could
not distinguish between papillary and follicular
carcinoma.

The remaining diagnostic technique in wide
use is needle biopsy—either aspiration with a
fine needle, or the obtaining of a core or piece
of tissue using either a wider bore or cutting
needle. The major areas of controversy regard-
ing needle biopsy involves the effectiveness of
the techniques and the interpretation of the re-
sults one obtains. The pitfalls one encounters
with any of these techniques are best under-
stood in terms of the specificity and sensitivity
of the procedure. The latter depends on the
skill used to obtain the material (i.e., sampling
from the nodule and not the normal thyroid
tissue adjacent to it, sampling from multiple
areas of a large nodule), the manner in which
the material is handled once it is obtained, the
skill and experience of the pathologist, and
finally the criteria used to call a smear “suspi-
cious.” In the study by Galvan et al., 13,561
patients had aspiration performed and 2744
underwent surgery.3! Of 181 malignant neo-
plasms found at surgery, 93.4% were recog-
nized by aspiration (indicating the sensitivity of
the procedure), that is, 12 were missed and 20
of the 23 were follicular carcinoma. Of 2563
cases without malignancy at surgery, 1884 were
read as “negative,” that is, the specificity was
73.9%. One must note that the true sensitivity
was not determined because the majority of
the patients (80%) were not operated upon. In
fact, this is a difficulty encountered in many
studies: only patients with suspicious or posi-
tive biopsies are operated upon. This was also
true in the study by Nishyama et al. that com-
pared fine needle aspiration (FNA) with core
biopsy (CB).32 They studied 415 patients who
were felt to be at risk for carcinoma (they had
“cold” nodules on isotope scans). FNA and CB
were performed on 282, FNA only on 112, CB
only on 5; twenty-one had insufficient material
for evaluation by either method. Pathology was

reported as “negative,” “suspicious,” or “posi-
tive.” Patients with suspicious or positive re-
sults were sent for surgery—patients with
negative biopsies were not. fifty-eight of the
394 patients with adequate pathological mate-
rial were read as positive; 40 (69% ) had malig-
nant nodules at surgery. Of those 58 patients,
31 had positive FNA and CB and 24 of those
had malignant nodules at surgery. Eight had
positive FNA and a negative CB; 3 had malig-
nant nodules at surgery. Nine patients had
negative FNAs and positive CB; 5 had a malig-
nant nodule at surgery. The total rate of false
positives was 31%. The sensitivity of aspiration
alone was 85% and biopsy alone, 75%. If the
number of patients with positive CB but nega-
tive FNA are added, the number of thyroid
cancers found increased from 34 to 40 (an in-
crease of 17.6%). If one adds positive FNA to
negative CB, 10 additional cancers were
found—an increase of 33%. Thus the advan-
tage of doing both procedures was substantial.
A similar conclusion was reached by LoGerfo
and his colleagues who concluded that a com-
bination of FNA and CB produced the greatest
yield of carcinoma at surgery.33 King and Yuen
used a 21-gauge needle and prepared cell
blocks and found this superior to the use of
smears alone.34

The issue of interpretation of suspicious
biopsies was studied by Gharib and his
colleagues.35> They note that 15% to 30% of
aspirates obtained by FNA are reported as
suspicious. The incidence in their study was
17% of 1970 patients. Ten percent to 50% of
patients with suspicious FNA will have malig-
nant nodules at surgery.

Thus, although the use of needle biopsy is
still controversial, these authors concluded,
and it is generally accepted, that needle biopsy
(both FNA and CB) is not a useful method for
differentiating a benign from a malignant fol-
licular lesion.

Pathology

Follicular carcinoma appears as an encapsu-
lated expansile lesion that is often difficult to
differentiate from its benign counterpart—the
follicular adenoma.3 In general, carcinoma is
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Figure 2.1. Follicular carcinoma. Well differentiated. (original magnification X 340)

characterized microscopically by large nuclei,
frequent and/or atypical mitotic figures, vascu-
lar invasion, and distant metastases.3¢-37 The
metastases are generally osseous or pulmon-
ary. Lymph node involvement is unusual and
occurs late in the course of the disease. Two
exceptions are the Hurtle cell variant in which
lymph node metastases may occur early, and
which generally is somewhat more aggressive
than the ordinary follicular carcinoma,® and
insular carcinoma, which is much more aggres-
sive and follows a more rapid and often fatal
course.?

Due to the confusion regarding the pathol-
ogy of thyroid tumors in general and follicular
tumors in particular, it was felt necessary in
1974 to hold an international conference to
classify thyroid tumors.4¢ Follicular carcinoma
was believed to have two growth patterns:
well-differentiated (FWD) which consisted of
follicles that could not be distinguished from
normal thyroid, adenomatous goiter, or adeno-
ma (Fig. 2.1); and moderately differentiated
(FMD), which consisted of solid masses of cells
in a trabecular pattern, with varying degrees of
differentiation into follicles (Fig. 2.2).

This classification was revised in 1988.41 Fol-
licular carcinoma was divided into “minimally
invasive” and “widely invasive.” Minimally in-
vasive lesions were defined as grossly encapsu-

lated and, with respect to architecture and
cytology, virtually indistinguishable from fol-
licular adenoma. The diagnosis of malignancy
depends on finding vascular invasion or inva-
sion of the full thickness of the capsule (Fig.
2.3). The diagnosis can only be made patholog-
ically on a fixed specimen; it cannot be made
on frozen section or needle biopsy. Vascular
invasion is defined as invasion into veins in or
beyond the capsule. Tumor in capillaries with-
in the tumor is not considered significant.4?
However, there is debate as to what extent of
capsular invasion is necessary to diagnose a tu-
mor as being malignant. Some authors accept
invasion into the capsule for this diagnosis,43
whereas others require penetration through
the capsule.*

The widely invasive type of follicular carci-
noma is characterized by widespread infiltra-
tion of blood vessels (Fig. 2.4) or adjacent
thyroid tissue (Fig. 2.5). It is often not com-
pletely encapsulated, and distant metastases
are common. The distant metastasis may be
better differentiated than the primary tumor
and may look like normal thyroid tissue.4?
These tumors are clinically and surgically rec-
ognizable as cancer. They extend into cervical
veins or through the thyroid capsule. Micro-
scopically they are usually cellular or micro-
follicular.43



2. FoLLIcULAR CARCINOMA OF THE THYROID 21

Figure 2.2. Follicular carcinoma. Moderately differentiated. Follicular and trabecular patterns. (original

magnification X 220)

Figure 2.3. Follicular carcinoma. Capsular and vascular invasion. (original magnification X 135)

Additional changes in the classification sys-
tem included the replacement of Hiirtle cell
carcinoma by follicular carcinoma, oxyphilic
cell type (Fig. 2.6), and the description of a
rare clear cell variant (Fig. 2.7).42

It is important to distinguish between FWD
and FMD because each has a markedly dif-
ferent prognosis; the latter must be treated

more aggressively than the former. Lang found
that 80% of patients with invasive lesions de-
veloped metastases and 20 died of metastatic
disease.*> Woolner found that patients with the
widely invasive type had a 50% mortality as
opposed to the 3% mortality found in the mini-
mally invasive type.464

Most recurrences occur within 5 years after
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Figure 2.4. Follicular carcinoma, widely invasive. Vascular invasion. (original magnification X 55)

Figure 2.5. Follicular carcinoma, bone metastasis. Well-formed follicles.

surgery, although there are numerous in-
stances of metastases becoming evident many
years after surgery.

Because of the difficulty in distinguishing be-
nign from malignant lesions by means of ordi-
nary pathology, other techniques have been
attempted. Immunostaining for thyroglobulin
has been found to correlate with the degree of
invasiveness of the tumor.47:48:49 Several au-

thors have found that ultrastructural, mor-
phomatic, and flow cytometric analysis are not
useful in differentiating benign from malignant
lesions.>0:51,52 However, Grant et al. studied
patients with known cases of follicular adeno-
ma and follicular carcinoma, and found that
although flow cytometry was not useful in dif-
ferentiating between the two, aneuploidy was
associated with a poorer prognosis.>3



2. FoLLICULAR CARCINOMA OF THE THYROID 23

Figure 2.6. Follicular carcinoma, oxyphilic cell type. (original magnification X 135)

Figure 2.7. Follicular carcinoma, clear cell variant (original magnification X 340)

Treatment and Prognosis

No aspect of the understanding of follicular
carcinoma is more complex than the inter-
locking topics of treatment and prognosis.
Obviously, the results of treatment will depend
on the modes and aggressiveness of treatment
chosen. Yet it is also clear that the prognosis
will depend on the various risk factors associ-

ated with the tumor and its interaction with its
host. These difficulties are compounded by the
literature, in which many studies combine fol-
licular carcinoma (which has a more negative
prognosis) with papillary or papillary follicular
carcinoma (which has a better prognosis)
under the single classification of “well dif-
ferentiated thyroid carcinoma.” In addition
many of the series provide only a relatively
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short follow-up period for a group of tumors
that tend to metastasize late and potentially kill
even later. In general, prognosis is determined
by various characteristics of the tumor, that is,
size, histology, degree of invasiveness, and
capacity to take up radioactive iodine (the
prognosis is also modified by the age and sex of
the host.) Negative risk factors tend to co-
occur. Hence, the more invasive lesions that do
not take up radioactive iodine tend to occur in
men over the age of 45. Simpson and his col-
leagues applied multivariate analysis to 504 pa-
tients with follicular carcinoma.>* Risk factors
in order of importance were extrathyroidal in-
vasion, distant metastases, primary tumor size,
nodal involvement, and age at diagnosis. In
Cady’s series from the Lahey Clinic Founda-
tion low risk patients (men under the age of 40
and women under the age of 50) did better
than the high risk group (all older patients).
This superseded the effects of pathologic type
or degree of invasiveness.>>

In Woolner’s series noninvasive tumors were
compared to invasive tumors.* Of 69 patients
with noninvasive tumors, 92.8% were alive
after 5 years and 85.5% were alive after 10
years. This compares with those patients with
invasive tumors, of whom 70.3% were alive
after 5 years and only 44.4% of whom were
alive after 10 years. In Young and Mazzaferri’s
series (in which the follow-up period was too
short to evaluate survival) only 7% of patients
with little invasion had recurrences, as opposed
to 27% in those with moderate or extensive in-
vasion.> Extensive invasion was associated with
early metastases; these were the only tumors
that resulted in death in that series.

As compared with papillary carcinoma, in
which small tumors are clearly associated
with a better prognosis, there is debate as to
whether size is a factor in patients with follicu-
lar carcinoma. In Cady’s series, although there
was a significantly greater mortality in patients
with larger tumors, many patients with small
tumors died.>> In Young and Mazzaferri’s
series of 241 patients, there were 2 cases of pa-
tients dying in which the primary tumor was
too small to find.> There was a 10% recurrence
rate in cases in which the primary tumor was

less than 1.5 cm and an 8% recurrence rate in
cases in which the tumor was greater than 1.5
cm. On the other hand, size was a factor in
Simpson’s series,’* in addition, Schmidt and
Wang found that their patients with lesions
larger than 3.5 cm did poorly compared with
patients whose lesions were smaller than
3 cm.%6

Presence of metastatic disease was, as one
might expect, indicative of a poor prognosis. In
Young and Mazzaferri’s series patients sur-
vived an average of only 3.1 years if metastases
were found at the time of presentation.’ In a
larger series of 283 patients with metastases to
lung and bone from well-differentiated thyroid
carcinoma, cases were followed for up to 40
years (median = almost 4 years).5” Metastatic
disease was found by conventional x-ray,
measurement of thyroglobulin, and total body
scans with 1 to 2 mCi of 13!I; after 1980, CT
scans of the chest were also utilized. In patients
with metastases and FWD (well-differentiated
follicular carcinoma) 33% survived for 10 years
while only 15% survived for 10 years if the
tumor was only FMD (moderately well differ-
entiated).

Age is also a significant prognostic factor. In
Schlumberger’s series, 72 patients in whom
differentiated thyroid carcinama presented in
childhood (age under 16 years) were followed
for as long as 20 years (median = 13 years).>8
Of this group, 4 were FWD and 17 were FMD.
None of the children with FWD died and only
2 with FMD died. In Young and Mazzaferri’s
series (all with follicular carcinoma) all 7 pa-
tients who died were 43 years old or over with
an average age of 61 years.>

Multivariate analysis was applied to a series
of 682 patients with well-differentiated thyroid
carcinoma studied by Tubiani and Schlum-
berger.>® Of 546 of those patients whose
disease was confined to the neck the patho-
logic findings indicated FWD in 67 and FMD
in 125. In general the patients with FWD were
similar to patients with papillary carcinoma,
inasmuch as the FWD patients had a 15%
excess mortality at 20 years. Patients with
FMD did significantly more poorly. (Fig. 2.8)

In this series age was the most important
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Figure 2.8. Relapse-free survival and total survival
in patients with differentiated thyroid cancer of the
various histologic types: papillary FWD, FMD. Re-

prognostic factor. The mortality risk increased
significantly at 45 years; however, there was no
increase in mortality between 45 and 80 years
of age. Age influenced the probability of re-
lapse, as well as the interval between presenta-
tion and relapse and the length of survival after
relapse. In addition older patients’ metastases
were less likely to take up radioiodine (Ral).
Histological type was again found to be impor-
tant; there was a significant difference in sur-
vival rates and probability of relapse between
patients with FWD and those with FMD.
Women had a better prognosis than men in
terms of probability of relapse and years of sur-
vival.

Brennan and his colleagues at the Mayo
Clinic recently reported their experience with
100 patients with follicular carcinoma.5® The
patients had been treated between 1946 and
1970. The mean duration of follow-up was 17.4

printed, by permission, from Tubiana, M., Schlum-
ber, M., Rougier, P., et al., 1985. (59)

years and the maximum was 32 years. Of the
100 patients, whose mean age was 53 years, 57
were female and 43 were male.

They analyzed their data by both univariate
and multivariate analysis. By univariate analy-
sis, age greater than 50 years, tumor size larger
than 3.9 cm, higher tumor grade, marked
vascular invasion, adjacent tissue invasion, and
distant metastatic disease at presentation were
all associated with increased mortality. How-
ever, multivariate analysis of data revealed
that only age greater than 50 years, marked
vascular invasion, and distant metastasis at the
time of presentation were independent predic-
tors of cancer associated mortality.

They classified their patients as low risk if
they had no more than one of these predictors
of mortality, and as high risk if they had two or
more. The power of these variables was dem-
onstrated by the fact that the low-risk group
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Figure 2.9. Cumulative survival among 100 patierits
with follicular thyroid cancer, plotted by high-risk
and low-risk categories. (High risk = two or more of
the following factors present: age greater than 50
years, marked vascular invasion, and metastatic dis-
ease at time of initial diagnosis.) Reprinted, by per-
mission, from Brennan, MD., et al., 1991. (60)

had a 5-year survival rate of 99% at 5 years and
86% at 20 years, as compared with the high-
risk group, which had a 5-year survival rate of
only 47% and a 20-year survival rate of 8%.
(Fig. 2.9)

As pointed out by Mazzaferri in an editorial
accompanying his paper,%! the survival figures
must be examined in light of the fact that the
patients underwent near-total, rather than
total, thryoidectomy and that only a few pa-
tients received ablative radioactive iodine post-
operatively.

Treatment

Follicular carcinoma of the thyroid is most
often treated with surgery, radioactive iodine,
and suppressive doses of thyroid hormone. Ex-
ternal irradiation and chemotherapy are also
used in certain situations.

Although subtotal thryoidectomy will almost
always be curative in patients with noninvasive
follicular carcinoma,52:63 a strong argument can
be made for total or near-total thryoidectomy,
particularly in the case of invasive tumors.
In the series of 101 patients with well-
differentiated thyroid carcinoma studied by
Saamen et al., (these patients were not sub-
divided into papillary and follicular groups)

the rate of pulmonary metastasis was 9% with
a less-than-total thyroidectomy and 5% with
total thyroidectomy.® In Young and Mazza-
ferri’s series the extent of surgery did not
affect the recurrence rate, which was 11.9% in
patients with limited thyroidectomy and 10.5%
in patients with total thyroidectomy.’> Young
and Mazzaferri do, however, advocate total
thyroidectomy for all patients with invasive
disease because almost all the patients they
studied who experienced a recurrence devel-
oped invasive carcinoma.

There is even more controversy regarding
the surgical approach to the Hiirthle cell
variant of follicular carcinoma. For many years
there was debate as to whether or not all
Hiirthle cell tumors were malignant and
whether, if there was a benign type, it could be
differentiated pathologically. For this reason
some authors who believed that because be-
havior could not be predicted from gross
appearance or from pathologic studies, all pa-
tients should be treated aggressively with total
thyroidectomy.3® Gundry et al. reviewed 33
years of experience with Hiirthle cell tumors
and concluded that size was also a factor—he
advocated total thyroidectomy for histological-
ly malignant tumors or for any tumor greater
than 2 cm.%> This was contradicted in another
study, which indicated that large Hiirthle cell
tumors could be benign.®® Other authors,
however, believe that benign tumors can be
differentiated from malignant ones and that
these tumors should be handled in a fashion
similar to follicular lesions.%7-70 Because
Hiirthle cell malignancies, unlike other follicu-
lar lesions, can metastasize to regional lymph
nodes early in the course of the disease, most
authors agree that a lymph node dissection is
indicated in malignant lesions.”!

Total thyroidectomy facilitates follow-up in
patients with malignant follicular lesions. Thyro-
globulin can be measured in order to look for
recurrences. In addition, because metastatic
lesions that will ultimately take up radioactive
iodine may not do so in the presence of normal
thyroid tissue, total thyroidectomy allows for
the use of 1311 scans to look for recurrences and
131 therapy to treat recurrences.”2.73

It is generally accepted that suppressive
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doses of thyroid hormone are efficacious in
treating these patients. Well-differentiated
tumors are TSH dependent—that is, TSH
stimulates growth. In Young and Mazzaferri’s
series the overall recurrence rate over 17 years
was 34% in patients who did not receive thyr-
oid hormone versus 12% in those who received
suppressive doses of thyroid hormone. Full
suppression can be determined by measure-
ment of TSH or by demonstrating failure of
TSH to rise after thyrotropin-releasing hor-
mone (TRH).74

The third major modality of treatment is
administration of radioactive iodine. In addi-
tion to the advantage of being able to follow
the cases of patients whose normal thyroid tis-
sue has been ablated with serial thyroglobulin
and 131 scans, it has been well demonstrated in
studies that patients treated with Ral generally
have a better prognosis. In some of these stu-
dies a-complete separation of patients with fol-
licular versus papillary carcinoma is not made.
In addition, the various series use different
criteria for determining recurrence; that is
some use the less sensitive criterion of physical
exam, whereas others use more sensitive
methods such as measurement of thyroglobulin
and 131 scanning with doses as large as 100
mCi of Ral.%7> Therefore, although the va-
rious series are not totally comparable it is fair
to say that they demonstrate a definite trend.
In 1970 Varna and Beierwaltes demonstrated
that patients with follicular carcinoma who
were treated with surgery and Ral did better
than those treated with surgery alone.”*

A series of 54 patients with thyroid carcino-
ma studied by Krishnamurthy and Blahd over
25 years demonstrated that the ability of the
tumor to take up radioactive iodine was a cri-
tical factor in determining prognosis.”¢ Of 44
patients in whom ablation of the metastases
could be accomplished, none died of carcino-
ma. In the remaining 10, 7 died and 5 of those
had well-differentiated carcinoma. In Young
and Mazzaferri’s series the patients were di-
vided into several subgroups: those with dis-
tant metastases versus those with disease con-
fined to the neck; those with positive nodes
versus those with negative nodes; those who
had total thyroidectomy versus those with less-

than-total thyroidectomy; and, finally, those
who did versus those who did not receive sup-
pressive doses of thyroid hormone post-
operatively.®> All of the above benefited from
Ral, with the best results (although not statis-
tically significant) in those treated with total
thyroidectomy, suppressive doses of thyroid
hormone, and Ral (Fig. 2.10). The most strik-
ing benefit was demonstrated in those with in-
vasive disease.

In Saamon’s series of 101 patients with pul-
monary metastases from well-differentiated
thyroid carcinoma, 22 patients had follicular
carcinoma.* Seventeen died with a 5-year sur-
vival rate of 68% and a 10-year survival rate of
36% . Sixty-four percent of the patients with
follicular carcinoma had significant 1311 uptake
by metastases. The importance of tumor bur-
den was demonstrated as well. Those patients
with a positive 1311 scan but a negative chest
x-ray did better than those with a positive scan
and a positive chest x-ray. (Fig. 2.11) This
series also demonstrated that negative risk fac-
tors tend to oc-occur; patients over 60 years old
had tumors that did not take up Ral and that
were more poorly differentiated.

In 1986 Schlumberger et al. reported on a
series of 283 patients with lung and bone
metastases with well-differentiated thyroid
carcinoma.’’ In this series, the patients with
follicular carcinoma were divided into those
with FWD and those with FMD. There were 8
remissions among the 39 patients with FWD,
who had a 10-year survival rate of 33%. There
were only 11 remissions among the 121 patients
with FMD, who had a 15% 10-year survival
rate. Once-again the effect of sensitivity of test-
ing on recurrence rate is demonstrated. Thirty
percent of the patients in this study were free
of disease at 15 years using x-ray and 311 scan
as criteria; however, 66% of those had detect-
able thyroglobulin levels and 66% of those had
micronodules on CT scans of the chest. Some
of those did not have radioactive iodine uptake
upon the administration of 1 to 2 mCi of 1311
but did with 100 mCi. Multivariate analysis
demonstrates once again the importance of
tumor burden (micronodular lung metastases
with single bone metastases vs. macronodular
lung metastases with multiple bone metastases)
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Figure 2.10. Cumulative recurrence rate, divided Young, R.L., Mazzaferri, E.L., Rahe, A.J., Dorf-
according to type of medical therapy used after total man, S.G., 1980. (5) Copyright by the Society of
thyroidectomy Reprinted, by permission, from Nuclear Medicine, 1990.

Figure 2.11. Comparison of survival from time of
metastasis in patients with positive scan, positive of
negative chest x-ray, and negative scan. Position
scan, positive x-ray vs. positive scan, negative x-1ay,
P <0.04; positive scan, positive x-ray vs. negative
scan, p<0.002; positive scan, negative X-ray vs.
negative scan, p <0.002. Reprinted, by permission,
from Samaan, N.A., Schultz, P.N., Haynie, T.P.,
Ordonez, N.G., 1985. (64) Copyright by The En-
docrine Society, 1985.
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and the importance of 1311 uptake in survival.
Of 182 patients with significant 1311 uptake, 77
(54%) survived for 10 years versus 94 who did
not have significant uptake. The group without
significant uptake had only 2 remissions and a
10-year survival rate of 9%. Again, clumping
of negative risk factors was noted—older pa-
tients tended to have FMD primary lesions,
and macronodular lung metastases that did not
take up radioactive iodine.
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Radiation-Induced Thyroid
Carcinoma

ROBERT LLOYD SEGAL

Introduction

In the middle third of this century, from
approximately 1920 to 1955, Roentgen ray
therapy was used for the treatment of a vari-
ety of diseases. Many of these conditions in-
volving the head and neck were benign lesions
and/or infections (Table 3.1).1-11 Following
the- observation by Duffy and Fitzgerald!? in
1950 “of the association of prior radiation in 10
of 28 children and young adults with thyroid
carcinoma,” many studies have proven that
radiation to the thyroid gland induces thyroid
carcinoma. Though this association is noted
especially in children and adolescents, it is
also present in adults.13-14 The thyroid carci-
noma is associated with the Roentgen ray ther-
apy itself. There is no association of carcinoma
with the particular underlying disease or
pathology for which the radiation therapy has
been given.9:15.16

Large-scale studies were undertaken to de-
termine the incidence of radiation-induced
thyroid carcinoma in a selected population at
risk, the risk factors associated with this neo-
plasia, treatment of radiation-induced thyroid
carcinoma, and methods for follow-up of pre-
viously treated patients at risk.14-15

This chapter will review the incidence, risk
factors, radiation factors, and treatment of
radiation-induced thyroid carcinoma as well as
associated nonthyroidal disorders which may
develop after the head, neck, and upper thorax
are exposed to radiation.

32

Table 3.1. Benign head, neck, and chest lesions
treated with radiation

Acne valgaris

Tonsillitis—persistent or recurrent

Adenoids—enlarged or recurrent infections

Keloids

Hemangioma

Enlarged thymus

Normal thymus

Lymphadenitis

Chronic skin lesions

Congenital cardiac lesions (cardiac catheterization and
angiography)

Chronic pulmonary lesions (repeated diagnostic chest
X-rays)

Dermatological conditions of the scalp

Mastoiditis

Pneumonitis

Sinusitis

Impetigo

Pertussis

Definition

Radiation-induced thyroid carcinoma is a car-
cinoma of the thyroid gland that develops in a
patient with prior radiation exposure, either
direct or indirect, to the thyroid gland, as a
consequence of radiation to the head, neck,
face, or upper thorax.1? There is no underlying
chemical or pathologic marker for radiation-
induced carcinomas that will differentiate them
from naturally occurring thyroid cancer.
Radiation-induced thyroid carcinoma differs
from naturally occurring thyroid carcinoma in
three ways: 1) radiation-induced thyroid carci-
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noma is often multicentric; 2) radiation-
induced thyroid carcinoma may have distant
metastases to the lungs more frequently than
naturally-occurring carcinoma; and 3) the re-
currence rate of nodularity postoperatively
with an incomplete thyroidectomy may be
higher in the radiation-induced thyroid carci-
noma than in the naturally occurring thyroid
carcinoma.18-22

Incidence

Determination of the incidence of thyroid
carcinoma following radiation therapy may be
difficult and is often inaccurate. Radiation-
induced thyroid carcinoma is calculated by de-
termining the incidence of radiation-induced
thyroid carcinoma in a specific population and
subtracting the incidence of naturally occurring
thyroid carcinoma expected in that popula-
tion.14.22.26 The reported baseline incidence
of naturally occurring thyroid carcinoma is vari-
able; therefore, the increment due to radiation
will be dependent upon the value chosen for
the incidence of naturally occurring thyroid
carcinoma. Naturally occurring thyroid carci-
noma has an incidence of approximately 36
to 60 cases per million persons per year. It is
associated with a death rate of approximately 9
per one million persons per year.24:25 The ratio
of females to males is 2:1. These tumors are
extremely rare in children; however, their inci-
dence increase with each decade in life (Fig.
3.1).

The statistics presented in autopsy surveys
will in some cases include microscopic carcino-
mas of the thyroid gland. These carcinomas are
usually less than 0.5 cm in diameter, are pre-
dominantly papillary in cell type and, with rare
exceptions, are of no clinical significance. They
do not require the same therapeutic approach
as do the larger, clinically significant lesions.
In rare cases, these minimal tumors can meta-
stasize and become fatal.

The fact that there is such a variation in the
reported incidence of thyroid carcinoma as
determined by autopsy statistics affects the
calculation of radiation-induced thyroid car-
cinoma.26:27:28.29

Figure 3.1. The incidence rate of thyroid carcinoma
and death rate from thyroid cancer are diagrammed
in relation to the experience per 100,000 population
in each decade. The sharply increasing mortality
occurring after age 50 is evident. (Data obtained and
redrawn from Young JL Jr, Percy CL, Astaire AJ,
eds. Surveillance, Epidemiology, and End Results:
Incidence and Mortality Data, 1973-77. National
Cancer Institute Monograph 57, NIH Publication
No. 81-2330, 1981). Reprinted, by permission, from
DeGroot, D., 1989. (24)

Several long-term follow-up studies using
hospital records of radiation treated patients,
usually children, with known doses of radiation
and portals of entry have accurately been
reported.30:31 In these surveys patients were
contacted and followed-up in accordance with
a strict protocol. The correlation of radiation
risk factors and other possible risk factors with
the long-term effects of radiation, including the
development of thyroid neoplasia, was evalu-
ated. This type of study most accurately deter-
mines the factors that may be involved, not
only with respect to radiation-induced thyroid
carcinoma, but also with respect to other
radiation-induced lesions. The chief disadvan-
tage of this study technique is a lack of ability
to contact all patients at risk.6-°

Because of the usual leisurely growth of
most thyroid carcinomas, there is a long latent
period between the radiation exposure and the
development of the tumor. This long latent
period, which may be as long as 41 years and
may thus be a major variable in the reported
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Table 3.2. Factors influencing the incidence of
radiation—induced thyroid cancer

Dose of radiation.

Age of patient at the time of exposure to radiation.

Sex (females greater than males).

Duration of follow-up.

Genetic factors—rh group and blood type, HLA.

ITodine deficiency and subsequent thyroid-stimulating
hormone (TSH) stimulation.

Racial and ethnic factors.

Familay history.

Thyroiditis.

incidence of radiation-induced thyroid carcine-
ma, must be evaluated in studies in which in-
cidence statistics are presented.® Table 3.2
lists the factors which influence the incidence
of radiation-induced thyroid carcinoma.

Radiation Dose Factors

It was felt that the dose of radiation received
would be a priori the single most important de-
terminant in the incidence of radiation-induced
thyroid carcinoma. This assumption has been
proven to be correct. A straight-line rela-
tionship between the dose of radiation and the
incidence of thyroid carcinoma exists in the
range between 200 and approximately 1500
rads, as shown in Fig. 3.2.26 The frequency of
thyroid cancer may be increased one hundred-
fold after a significant x-ray exposure. The inci-
dence of benign nodules of the thyroid gland
occurring after radiation exposure is on the
order of ten times the incidence of carcinoma.
Thus nodularity (both benign and malignant) is
a frequent sequela of exposure of the thyroid
gland to radiation.21-23

There is still some controversy as to whether
or not there exists a radiation threshold for the
induction of thyroid carcinoma.?5:26:31 A study
by Modan showed an increase in the incidence
of thyroid carcinoma when the radiation
reaching the thyroid gland was on the order
of 6 rads.10 These investigators studied chil-
dren who underwent scalp radiation for Micro-
sporum audouinin infections and compared the
treated children with older and younger sibling
controls. A statistical increase in the incidence
of thyroid carcinoma was noted in the exposed

Figure 3.2. Estimated dose response for thyroid can-
cer and external radiation. Reprinted, by permis-
sion, from Maxon, H., Thomas, S., Saenger, E.,
Buncher, C., Kereiakes, J. 1977. (26)

group. The calculated dose of radiation to
the thyroid gland was derived from phantom
studies that reconstructed the position of the
patient and the applied radiation. Though this
study failed to be confirmed by dermatologists
at New York University using a similar pro-
tocol, it is cited nonetheless by those who claim
that there is no threshold dose necessary for
the induction of thyroid neoplasms.3! It is also
cited by radiation safety and protection agen-
cies in formulating guidelines for maximum
permissible radiation exposure to the thyroid
gland. Some have criticized the Modan study
by noting that movement of the head would
markedly increase the applied dose of radia-
tion to the thyroid gland. If there is no
threshold dose for radiation-induced thyroid
carcinoma, then as little as 1 rad might induce
neoplasia in some individuals; in addition,
populations living at high altitudes with in-
creased exposure to natural radiation could be
expected to have a higher incidence of thyroid
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Table 3.3. Estimated risk of thyroid cancer following radiation exposure in infancy and childhood—selected

studies
Radiation exposure Risk of
No. of thyroid
Mean follow-up Cancer/
Time of Type of thyroid Number years and 108 children/
Investigators exposure radiation  dose (rad) exposed Type of controls (Mean) rad yr
Hempelmann  1926-1957 X-ray 229 2,878  Siblings 6-37 2.5
etal. (10, therapy (16)
9)
Subgroup C 1930-1946  X-ray 239 233 Siblings 17-32 5.5
(20,9) therapy (24)
Ann Arbor 1932-1954  X-ray 20 958  Population rates 12-36 2.2
Study (8, therapy (29)
9
Modan et al. 1949-1960 X-ray 6.5 10,902  Siblings and matched 12-23 6.1
(16) therapy population con- a7
trols
Albert et al. 1940-1958  X-ray 6.0 2,213 Clincal controls 11-32 0
(2,1,23) therapy (21)
Jablon et al. 1945 Atomic 143 811  Unexposed and low- 25 2.9
(12) bomb exposure residents
blast N
and vy
Conard et al. 1954 Fallout 8 1,225 19  Unexposed residents 20 2.1
@, and y

Reprinted, by permission, from Silverman C, Hoffman D.A., 1979. (30)

carcinoma. There are no data to support this
thesis. At this time the question of whether or
not a threshold dose exists is not settled.

At high doses of radiation exposure, the
cytotoxic effects of radiation would theoretical-
ly include sterilization of the thyroid field. If
this biological effect were to take place, one
would effectively ensure the development of
hypothyroidism in the exposed population.
This chain of events does occur, and has been
reported. This sterilizing effect of the radiation
may account for the fact that thyroid carcino-
ma rarely develops after extremely high doses
of radiation.26-31

The biological effects of radiation include a
random track or path through tissue, chemical
changes secondary to the energy released, and
derangement of macromolecules, particularly
in the nucleus. The energy imparted by the
radiation disrupts chemical bonds of the nu-
clear proteins; it subsequently causes decreased
reproductive capacity of the affected cells,
possibly decreasing their secretory function.
This implies an eventual decrease in thyroid

hormone production.3? The decrease in thy-
roid hormone production secondary to the
biological effects of radiation on the thyroid
gland will evoke the hormone-stabilizing
efforts of the body; there will be increased pro-
duction of thyroid stimulating hormone. This
hormone acts as a growth factor and may
promote tumor formation.

Because of the random nature of the dis-
tribution of radiation passing through thyroid
tissue, pathologic changes may be noted in
more than one region. The estimated risks of
thyroid carcinoma in irradiated individuals is
presented in Table 3.3.

In this table the combined effects of radia-
tion are presented in infants and children and
correlated with length of follow-up, time of ex-
posure, type of radiation, and dosage. As can
be seen, the incidence of thyroid carcinoma is
highly significant. DeGroot et al. noted a peak
incidence of 5% at 20 to 25 years postradiation
in patients treated for acne or disease of the
tonsils and adenoids with chargeteristic doses
of 500 rads. Other factors influencing the inci-
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Table 3.4. Estimated risk of thyroid cancer in four groups of irradiated persons

Risk coefficient

Irradiated group Number Observed/expected Average dose (rad) (per 10%/rad)
Marshall Islanders (11)* 243 7 213* 134*
Japanese survivors (74) 10,000 23 115 20
Neck irradiation 2,872 24 119 70
Tinea capitis (65) 10,402 10 10 92

*The thyroid dose has been recently reviewed, and the importance of the presence of short half-life isotpes of iodide in
the fallout has been emphasized. Thus, these figures cannot now be regarded as accurate. Reprinted from Dolphin GW:
Radiation Carcinogenesis. In Duncan W (ed.): Recent Results in Cancer Research, p. 27. New York: Springer-Verlag,

1980.

dence of thyroid carcinoma include the portals
of entry of the radiation and the type and ener-
gy of radiation, as well as the effect of secon-
dary filters (discussion of which is beyond the
scope of this chapter).

The phenomenon of radiation-induced thy-
roid carcinoma is age-dependent. Infants and
children are at greater risk than adults. This
may be due to growth factors other than
thyroid-stimulating hormone (TSH), that are
operative in infants and children, but absent in
adults. The growth of the thyroid from 20 mg
grams at birth to 25 g in adulthood may not be
mediated exclusively by thyroid stimulating
hormone. The existence of other growth fac-
tors has been postulated, but not proven. The
reduced sensitivity of the adult thyroid to
radiation-induced thyroid carcinoma is re-
sponsible for the lower incidence of thyroid
carcinoma in those exposed to atomic radiation
in the Marshall Islands, Hiroshima and Naga-
saki, and in those exposed to radiation in hos-
pitals and nuclear energy facilities (Table
3.4).32.33,34 ,

For unknown reasons, the incidence of carci-
noma of the thyroid gland is greater in females
than in males, in both irradiated and nonirradi-
ated populations.

There is a long latent period between the
time of radiation exposure of the thyroid gland
and the development of carcinoma secondary
to this radiation. The absolute incidence of
thyroid carcinoma in radiated individuals con-
tinues to increase with time for up to 40
years.?-32 It should be reiterated that DeGroot
et al.** found that a maximal incidence of
radiation-induced thyroid carcinoma occurs

between 20 and 25 years (Fig. 3.3). These long-
term studies have demonstrated that the carci-
nogenic effects of radiation to the thyroid are
ongoing, although the relative risks decline
beyond 25 years, due perhaps to the aging of
the population and the increased incidence of
naturally occurring thyroid carcinoma. This de-
crease in relative risk after 25 years is illus-
trated in Fig. 3.4.33

DeGroot and others have found that the
shorter the induction period, the more clinical-
ly aggressive the carcinoma. This observation
has been reported by several groups. A short
latent period for the development of thyroid
carcinoma may result in a large lesion. All
groups have found that the prognosis of thy-
roid carcinoma, both radiation-induced and
naturally occurring, correlates with the size of
the original lesion. The shorter induction

period may mean more rapid growth and a

larger initial lesion.8.9:16

Genetic factors influencing the development
of naturally occurring thyroid carcinoma in-
clude chromosomal instability in patients with
medullary carcinoma, an increased incidence
of HLA-DRI in undifferentiated thyroid carci-
noma and an increased incidence of HLA-DR7
in undifferentiated follicular thyroid carcino-
ma.!® None of these factors has been shown
to be operative in patients with radiation-
induced thyroid carcinoma. One group re-
corded a protective effect of the blood type O
phenotype and an increased incidence of
radiation-induced thyroid carcinoma in pa-
tients with type A.18.33

There is a high incidence of endemic nodular
goiter in areas where there is iodine deficiency.
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Figure 3.3. Distribution of patients with a history of
irradiation to the head and neck, according to the
time after irradiation at which they were examined.
The majority of patients were seen 20-35 years after
irradiation, but the incidence of tumors peaked 5-10
years earlier. Tumors continued to occur through 40
years after irradiation; it is not clear that there is
a finite latency period. Reprinted, by permission,
from “Thyroid Neoplasia” in The Thyroid and Its
Diseases 5th ed. John Wiley & Sons.

These glands show an increased incidence of
anaplastic carcinoma. There is no study show-
ing an increased incidence of radiation-induced
thyroid carcinoma in iodine-deficient glands in
humans. Radiation-induced thyroid carcinoma
occurs in mice and rats following the use of
propylthiouracil and thiourea derivatives to in-
duce hyperplasia and hypertrophy of the thy-
roid gland. Even minimal doses of radiation in
these animals will cause a high incidence of
thyroid cancer.3>

There are no reports of ethnic or racial pre-

Figure 3.4. Disease-free survival curves derived
from the proportional hazards model and evaluated
at the average age and dose. The points are the
actual observations. The upper panel shows the
cancer-free survival, while the lower panel shows
the survival without developing neoplasms (benign
and malignant). Reprinted, by permission, from
Perkel, U.S., Gail, M.H., Lubin, J., et al., 1988.
(37) Copyright by The Endocrine Society, 1988.

disposition to the development of thyroid car-
cinoma following radiation. The Japanese have
a high incidence of microscopic sclerosing car-
cinomas that are not clinically significant. The
incidence of these carcinomas was the same in
the control population as in those exposed to
radiation in Hiroshima and Nagasaki and, in-
deed, in the Japanese raised in Hawaii.36
There is evidence that with naturally occur-
ring thyroid carcinoma a positive family history
is an additional risk factor for the development
of well-differentiated thyroid carcinoma.33-37
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Conversely, there is no evidence that in pa-
tients with radiation-induced thyroid carcino-
ma there is an increased risk for the develop-
ment of thyroid carcinoma in their offspring.
There is, however, evidence that radiation may
induce medullary carcinoma in patients who
have a family history of the disease and are
genetically predisposed (see Chapter 8). These
tumors may appear at an earlier age in those
exposed to radiation than in those family mem-
bers not exposed to radiation.

The incidence of thyroiditis in the general
population is variable. This disease may impair
thyroid function and invoke TSH stimulation
of the thyroid gland in an attempt to maintain
hormonal stasis. This TSH stimulation may
sensitize the thyroid gland to the biologic
effects of radiation and predispose one to de-
velop radiation-induced thyroid carcinoma.38
As previously noted, TSH stimulation is a fac-
tor in the induction of thyroid carcinoma in
experimental animals.33

Pathology

Given the multiple biologic effects of radiation
upon cells and the tumorigenic quality of this
radiation, one would expect that there might
be a difference between the behavior of
radiation-induced carcinoma and naturally
occurring carcinoma.?? This possibility has
been investigated by several groups. One
approach to this question is to compare those
patients with thyroid carcinoma who have not
had a history of radiation either in childhood or
in infancy and who develop thyroid carcinoma,
with those who have naturally occurring thy-
roid carcinoma and have no previous history
of radiation.20-21 It should be noted that his-
torically up to 80% of children and teenagers
who develop thyroid carcinoma have a history
of previous radiation.

Naguib and Samaan?! et al. compared thy-
roid carcinoma in radiated and nonradiated
patients. The prevalence of different histologic
types of thyroid carcinoma was almost identical
in the irradiated and nonirradiated groups. Bi-
lateral abnormalities of the thyroid gland were
found in a significantly greater number of pa-
tients who had been irradiated than in the con-
trol group: 51% versus 35%, with a probability

of more than 0.005. Spitalnik!? et al. found
that 88% of their irradiated patients showed
focal epithelial hyperplasia, with a large pro-
portion showing moderate to severe involve-
ment throughout the thyroid. A control group
of nonirradiated patients showed only a 12%
incidence of minimal focal hyperplasia. One
half of the irradiated cases who had focal
hyperplasia also had associated adenomas
within the gland. Eighty-five percent of the pa-
tients showing carcinoma exhibited this exten-
sive hyperplasia.?0 Adenomas, both single and
multiple, and adenomatous hyperplasia were
found in over half (51%) of the radiated thy-
roids. These adenomas were mainly of the
microfollicular type. Small microfollicular
adenomas were found in only 2% of the non-
irradiated cases. A large proportion (68%) of
the irradiated thyroids contained mild-to-
moderate infiltration with lymphocytes or thy-
roiditis, often with the formation of germinal
centers. No changes of this kind were found in
the control population. Colloid nodule forma-
tion was found in 51% of the irradiated thyr-
oids; the control thyroids showed minimal col-
loid nodule formation (32%). Oxyphilic cell
change was seen in 42% of the irradiated thyr-
oids. None of the controls showed oxyphilic
changes. One quarter of the irradiated thyroids
showed mild diffuse fibrosis, which presented
as thickening of the supportive lobular stroma,
not as broad areas of dense collagen. No simi-
lar fibrosis was observed in the control glands.
Sixty-two percent of the irradiated glands were
found to have well-differentiated carcinoma.
The size ranged from 0.1 cm to 5.5 cm in the
greatest dimension; the average diameter was
1.6 cm. Nearly 60% of the adenocarcinomas
were of the mixed papillary—follicular type;
pure papillary carcinoma was the next most
frequent malignancy. No undifferentiated car-
cinomas were present in this series. The high
incidence of focal hyperplasia in this group of
irradiated patients was interpreted as being
due to the effect of TSH stimulation on the
gland. Thyroiditis with the oxyphilic cell
changes suggested the development of a cellu-
lar autoimmune reaction in the irradiated
glands, possibly caused by physical damage to
the epithelial cells with the release of thyroglo-
bulin and microsomal antigen. Colloid nodular



3. RADIATION-INDUCED THYROID CARCINOMA 39

change that was present in these glands may
represent prolonged intermittent stimulation
of the gland by TSH. Low-dose radiation of the
thyroid did not lead to widespread destruction
of the parenchyma with subsequent fibrous re-
placement. Instead, the fibrosis was of the
mild, diffuse, interstitial type.19-23

All groups have found that childhood radia-
tion to the thyroid gland causes marked
changes in the morphology of the gland, in-
cluding multiple nodules of varying histologic
type, extensive fibrosis and, less commonly,
the changes characteristic of thyroiditis in addi-
tion to those characteristic of thyroid cancer.
Komorowski?2-224-22B and others found that
almost all the glands removed at surgery fol-
lowing radiation had multiple nodules ranging
from 0.1 cm to several centimeters in diameter.
The adenomatous nodules were of varying his-
tologic types including follicular, fetal and
Hiirthle cells; most glands contained all three
types. These features presented difficulties in
both the clinical evaluation of the patients and
the evaluation of glands during surgery be-
cause the irradiated thyroid gland may contain
multiple small nodules that are not detectable
by gross observation prior to surgery. DNA
content of radiation-associated carcinoma was
not different from naturally occurring thyroid
cancer.??4 In a number of cases it was only
after microscopic examination of sections of
the thyroid gland that numerous small nodules
became apparent.!® In 8 of the 12 cases cancer
was found in an area other than the large gross
nodule that presented clinically. Furthermore,
the gross appearance of the malignant nodules
in these irradiated glands was not sufficiently
characteristic to aid in identifying suspicious
areas for frozen sections.!® The standard histo-
logic criteria for diagnosis of thyroid cancer
apply to irradiated patients. The significance of
the one case of medullary carcinoma following
childhood radiation reported by this group
remains speculative. There was no evidence
of multiple endocrinopathy in that patient.?3
Others have reported on the development of
medullary carcinoma in irradiated individuals.
In addition, one case of anaplastic thyroid can-
cer has been reported.®

Several groups have studied the pathology of
the irradiated versus nonirradiated thyroid

gland in both the presence and absence of car-
cinoma. Radiation biology would predict that
the irradiated gland would have multiple areas
of involvement. Aside from cancer, the effects
of radiation on the thyroid gland include
hyperplasia, benign adenomas, colloid nodules
(usually microfollicular in type), and oxyphilic
cell changes (perhaps secondary to autoim-
munity) involving the release of thyroglobulin
and microsomal fractions. Invasion of the thy-
roid gland by lymphocytes occurs, producing a
clinical picture consistent with thyroiditis. Fib-
rosis occurs; although in most glands it is found
to be minimal, with thickening of the septa.
These changes occur in multiple areas of the
thyroid gland and give rise to multiple nodules
within the gland.2? These irradiated glands,
when compared to controls, contain multiple
nodules that may range from 0.1 cm to 1.6 cm.
Identification of thyroid carcinoma in the
irradiated glands is enhanced if multiple sec-
tions are taken, owing to the multicentricity of
radiation effects.?!

The pathology of lymph gland involvement
depends on the size of the original lesion. The
incidence of local lymph gland involvement is
not greater than that of corresponding carcino-
mas in the nonirradiated group that are in size
equal. The presence of psammoma bodies in
all the cases of papillary carcinoma was noted
by one group.?!

There is disagreement between groups as to
whether or not the multifocal carcinomas
secondary to radiation are more aggressive
than naturally occurring thyroid carcinomas.?
The types of local and distant metastases in
radiation-induced thyroid carcinoma are re-
ported by one group as being quite different
from those of a control group. In this report,
the incidence of lung involvement was found in
all patients who had distant metastases. Lung
metastases were present in just over half the
patients who had a naturally occurring thyroid
carcinoma. This difference in the distribution
of metastasis may influence therapy.?!

Diagnosis and Treatment

The diagnosis of radiation-induced thyroid car-
cinoma is dependent on knowing the history of
exposure of the thyroid gland to radiation. In
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the patient who presents with a thyroid mass, it
is routine to obtain this vital piece of medical
history. However, the historical information
may be inadequate or erroneous. In a series of
patients who had had irradiation of the neck
for tuberculous adenitis, 36% did not mention
or recall this aspect of their medical history. In
a group of 128 patients with thyroid lesions,
Schneider found that many did not initially
mention their prior exposures to radiation.®
Because the exposure to radiation may have
taken place in infancy or childhood, patients
may not be aware that it had occurred. Re-
peated questioning during follow-up visits may
increase the accuracy of this aspect of the pa-
tient’s medical history. Parental consultation
and ancillary historical facts may aid in de-
termining whether or not radiation therapy
was given. Questioning whether shielding was
used, whether other people were in the room
at the same time, and so on, may also aid in
identifying a history of radiation exposure.
Occasionally a false positive radiation history
may be obtained, usually from those who have
received Grenz ray or ultraviolet therapy for
acne.

Patients whose thyroid glands have been
radiated may present with a normal gland, a
diffuse goiter, a solitary nodule, a multinodular
thyroid gland, or a metastatic thyroid car-
cinoma.®16 In addition to a history of radia-
tion exposure, the basic exam of a radiation-
exposed patient should consist of evaluation of
the thyroid gland and the neck based on a care-
ful exam by a clinician experienced in examina-
tion of the thyroid. Thyroid function is eval-
uated by administering chemical tests that
measure thyroid hormone levels (and sensitive
TSH assay). In addition, antithyroid antibody
tests should be performed.3®

In addition, a baseline 123 scan should be
done.®” We believe that this test is of value in
delineating a “cold” or nonfunctioning area,
which may be either a nonpalpable abnormal-
ity or a lesion missed on physical examination.
The use of 123 is necessary to minimize the
additional radiation exposure of the thyroid
gland and to accurately delineate the function-
ing and nonfunctioning areas within the gland.
Radioactive iodide preparations are more
accurate than technetium for thyroid scanning.

Sonography may not be helpful in the eval-
uation of irradiated thyroid glands because
of its extreme sensitivity, which may delin-
eate clinically insignificant lesions. Annual or
biannual examinations are indicated for all
patients with a history of thyroid radiation exp-
osure.

If a solitary nodule is present, fine needle
aspiration biopsy of the thyroid may be under-
taken. Some believe that the presence of a
solitary nodule in an irradiated thyroid may be
predictive of neoplastic transformation in other
portions of the gland. Observation of the
nodule for a short period under thyroxine (T,)
suppression may result in complete supression
of those few nodules that are not significant.!
A solitary nodule may be a marker for carcino-
matous transformation in other areas of the
gland. In many instances, a nodule that ap-
pears to be solitary on clinical investigation
is found not to be solitary at surgery. In our
opinion, if the nodule either does not regress,
or enlarges under thyroxin suppression, or if it
is initially greater than 2.5 cm, then surgery is
necessary. Additional indications for surgical
intervention include a fine needle aspiration or
other biopsy positive for carcinoma, esopha-
geal or tracheal compression, or evidence of
local or distant metastasis.*?

We believe that the treatment of differenti-
ated thyroid carcinoma in the irradiated pa-
tient should be somewhat different from that of
naturally occurring thyroid carcinoma. If the
gland has been radiated and carcinoma is pres-
ent, we favor a total thyroidectomy.*? This
surgical procedure will obviate the risk of a re-
currence of thyroid cancer or an occurrence of
a new neoplastic lesion in residual thyroid tis-
sue due to radiation. If there is definite carci-
noma present, and total thyroidectomy is not
undertaken for technical surgical reasons, we
suggest a near-total thyroidectomy with subse-
quent radioiodine ablation of residual thyroid
tissue. This accomplishes the goal of ablation
of all residual radiation-exposed thyroid tissue,
which is a potential source of neoplastic trans-
formation in the future. Postoperatively,
patients who have had a total thyroidectomy
require the use of replacement levothyroxine
therapy to maintain a euthyroid state. In par-
ticular, when a total thyroidectomy has not
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been performed, suppressive use of levothy-
roxine should be encouraged to reduce the in-
cidence of recurrence. There is no proof as yet
that the extent of the surgical procedure affects
prognosis.

The prognosis for naturally occurring thy-
roid carcinoma and radiation-induced thyroid
carcinoma appears to be similar.%16-3° The
main prognostic factor is the size of the initial
lesion. Since radiation-induced thyroid carci-
noma occurs in younger people and may have
been present for longer periods of time before
the diagnosis is made, in age-matched controls
the prognosis is less favorable for the larger
lesion than for the smaller ones.

Most patients who were treated with radia-
tion to the head and neck are now between 35
to 45 years posttherapy. Because thyroid carci-
noma may be more aggressive in older pa-
tients, it is necessary that ongoing follow-up
studies be conducted with strict adherence to a
protocol in the postradiated patients, no mat-
ter how old, so that the carcinomas that may
develop will be diagnosed early, before the
prognosis becomes unfavorable.

In the years since 1955, when radiation-
induced neoplastic change in the thyroid was
first recognized, the use of radiation therapy to
the head, neck, and face for benign conditions
has been virtually discontinued. With time, the
entity of radiation-induced thyroid carcinoma
should disappear. This trend is already evi-
dent, as can be seen in Ceccareli’s 1988 report
on 78 patients with childhood thyroid car-
cinoma.*? Only four of these patients gave a
history of prior radiation. In previous series of
childhood thyroid malignancies similar to this,
over 80% of the patients gave a history of prior
radiation.

There is widespread use of radioactive
iodine in the diagnosis and treatment of
thyroid disease. The radiation from 131I, 123]
and technetium, which are commonly used
diagnostically or therapeutically, is listed in
Table 3.5 As can be seen, a significant
amount of radiation is delivered to the thyroid
gland from diagnostic studies that use these
isotopes. This radiation could theoretically
lead to the occurrence of radiation-induced
thyroid carcinoma. In extensive studies in the
United States, Denmark and Iceland, no in-

Table 3.5. Thyroid and whole body radiation secon-
dary to isotopic studies of thyroid gland*

Thyroid Whole-body

radiation radiation
Isotope Dose (rem) (rem)
123] 100 uCi 0.5-2 0.0003
9Te 2.5mCi 0.2-1.8 0.003
131] 50 nCi 25-100 0.04

* Assumes normal thyroid function and uptake

Reprinted, by permission, from Atkins, Harold L., “The
Thyroid” in Clinical Radionuclide Imaging, 3rd Ed. Free-
man, Leonard M., ed. Philadelphia W.B. Saunders, 1986.

crease in the incidence of thyroid carcinoma
has been noted. Maxon2¢-31 has calculated the
risk for the development of thyroid cancer
from diagnostic and therapeutic use of isotopes
and has shown that there is minimal risk, if
any. ‘

It has been previously noted that in patients
receiving more than 2000 rads to the thyroid
gland from external radiation, the incidence of
carcinoma is minimal. As previously noted,
this is due to the sterilizing effect of the radia-
tion on the thyroid gland; cytotoxic effects
essentially cause an absence of viable thyroid
tissue. Nevertheless, there have been occasion-
al reports of patients who have had more than
2000 rads administered to the thyroid gland
who did develop carcinoma.*

In the treatment of hyperthyroidism or other
thyroid conditions treated with radioactive
iodine, the amount of radiation delivered to
the thyroid gland is usually above 2000 rads.
Therefore, therapeutic doses of radioactive
iodine are not accompanied by neoplastic
transformation of the gland, except in rare
instances.46-56

Radiation to the head, neck, face, or upper
thorax is obviously not limited to the thyroid
gland. Therefore, it is not surprising that

“tumors of other organs in close proximity to

the thyroid gland may be associated with thy-
roid neoplasia. For example, both benign and
malignant salivary gland tumors have been re-
ported following radiation in this area. Carotid
body tumors, neuromas and other rare tumors
such as esophagal carcinoma have been re-
ported to occur with thyroid cancer following
external radiation.
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Hyperparathyroidism may occur after radia-
tion to the head or neck, usually developing
approximately a decade later than radiation-
induced thyroid carcinoma does. Radiation-
induced hyperparathyroidism may be due to
hyperplasia, adenoma formation, or in a small
number of cases, carcinoma of the parathyroid
glands. The incidence of hyperparathyroidism
in postirradiated patients may be higher than
thyroid carcinoma. The treatment of this con-
dition is usually surgical.56-67

Thyroid and breast carcinoma has been re-
ported in patients in whom the radiation field
has included the upper thorax.%8

Conclusion

The number of people at risk for the develop-
ment of radiation-induced thyroid carcinoma
who are now entering a period 40 to 50 years
after exposure to radiation is estimated to be
over one million. At this particular time, such
cancers may be more aggressive in this age
group. The molecular basis of this transforma-
tion has been postulated as being partially due
to the activation of oncogenes, or to the
inactivation of antitumor genes or suppressor
agents. Neither of these theories, however, has
been proven, despite extensive investigation.
The clinician must constantly be aware of the
potential danger of carcinogenesis in post-
irradiated patients and must provide systematic
ongoing follow-up for all patients known to be
at risk.
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Thyroid Cancer in the
Pediatric Patient

JEFFREY I. MECHANICK

Introduction

Thyroid carcinoma in children and adolescents
is rare. When a juvenile presents with a neck
mass or swelling, the clinical evaluation is par-
ticularly challenging to the endocrinologist. In
general, thyroid neoplasms in the pediatric
population are distinguished from those in the
adult condition by (1) a strong association with
previous neck irradiation (Chapter 3); (2) a
predominance of the papillary form (Chapter
1); (3) a presentation with cervical lymph node
metastases; and (4) a need to specially consider
the therapeutic effects of initial surgical ap-
proaches and the subsequent effects of thyroid
function on growth and development (Table
4.1). These distinguishing features justify con-
sideration of pediatric thyroid cancer as being a
separate entity from the adult form.

Anatomic Variants in the
Pediatric Thyroid Gland

Unlike adults, in children the presence of thy-
roid nodularity, single or multiple, is unusual
(0.22% to 1.8% prevalence rate)!-* and is
frequently associated with malignant neo-
plasms.> This principle applies not only to
the hypofunctioning (“cold”) nodule but to the
functioning and hyperfunctioning/autonomous
(“hot™) nodule as well.® Nevertheless, suspi-
cious neck masses in the pediatric patient may
represent not only thyroid nodularity, but also
anatomical variants resulting from a develop-
mental abnormality. During embryogenesis,

Table 4.1. Distinguishing features of pediatric thy-
roid cancer compared to the adult condition

Greater association with prior irradiation

Less % female

More common presentation with cervical lymph node
metastases

Greater chance of malignancy in a nodular thyroid

Less association with thyroiditis

Greater prevalence of papillary cancer

Less prevalence of undifferentiated cancer

Less bone metastases

More bilaterality

Greater efficacy of radioiodine therapy

Better survival

the median anlage of the thyroid gland mi-
grates caudally along the thyroglossal duct in
association with the heart. Mechanical aberra-
tions can lead to a final midline location of the
gland that ranges from a sublingual to an intra-
cardiac site. Virtually all cases of “lateral aber-
rant thyroid” represent metastases of thyroid
cancer to a lymph node. In rare cases, normal
thyroid tissue may be found in such nodes. In
cases of metastatic thyroid cancer in the pediat-
ric patient, early involvement of the upper pre-
tracheal lymph node superior to the isthmus,
the Delphian node, is frequently demons-
trated. However, involvement of this node can
be easily confused with an enlarged pyramidal
lobe.

In a series of 6 girls aged 5 to 15 years with
thyroid masses, 4 had demonstrable autonomy
(1 with papillary adenocarcinoma), 1 had
hemiagenesis with the viable lobe enlarged due

45
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to lymphocytic thyroiditis, and 1 had an ectopic
thyroid with chronic inflammation.” It should
be noted that thyroid carcinoma has been de-
scribed in patients with thyroidal hemia-
genesis® and ectopic (thyroglossal duct) thy-
roid tissue.®-1® An incidental finding of ectopic
thyroid tissue is found in 1% to 5% of children
undergoing surgery for thyroglossal duct cyst
or subhyoid median neck cyst.!!

In addition, the differential diagnosis of a
neck mass in a child or adolescent must also
include nontoxic goiter. This condition has
been referred to by other names such as
“dyshormonogenetic goiter” and “recurrent
carcinoma of childhood.” This anatomic vari-
ant results from abnormally rapid trapping of
perchlorate dischargeable 13! and is treated
with thyroxine or iodine. Childhood nontoxic
goiter is often found in association with a fami-
ly history of goiter and deafness. However,
children with this anomaly must still be moni-
tored closely for cancer since 15% of children
with thyroid cancer and no previous history of
radiation have a prior history of nontoxic
goiter.12

General Survey

Since the first reported case of thyroid cancer
in a child in 1902,13 there have been numerous
clinical studies designed to identify recogniz-
able risk factors for early detection, accurate
diagnostic strategies in the evaluation of a neck
mass, and the natural history of pediatric thy-
roid cancer. Although these studies primarily
involve different methodologies—retrospective
studies with varying sample populations and
geographic areas—important conclusions can
be drawn from the data.

Demographics

Thyroid cancer has been estimated to account
for 0.5% of all cancers for all ages in both
sexes; approximately 10% of all cases of thy-
roid cancer occur in patients under the age of 21
years.1# Cancer of the thyroid accounts for 1%
to 1.5% of all childhood cancers and about 6%
of all childhood neck cancers.!5 In table 4.2, 22
clinical series comprising data from 1267 chil-

dren and adolescents are presented.16-3¢ Data
are broken down into five geographic regions
with the respective prior exposure of patients
in those regions to head or neck radiation be-
cause many of the features of pediatric thyroid
cancer are influenced by environmental and
genetic factors. All patients were studied after
the advent of the atomic age and were 21 years
of age or younger.

Identification of Risk Factors

Perhaps the best studied and most widely rec-
ognized risk factor for thyroid cancer is radia-
tion to the head, neck, or upper chest. Since
the original suggestion3” and description of this
association38-3° in 1949 to 1950, many large
studies have confirmed this observation. In a
series of 19 children irradiated as infants during
the 1940s and 1950s, 18 (95%) developed thy-
roid neoplasia 5.5 to 17 years later: 78% were
carcinomatous and the remainder adenoma-
tous.1¢ In the past, a variety of malignant
and nonmalignant conditions have been treated
with x-ray therapy. These include obstructive
respiratory symptoms ascribed to an enlarged
thymus, tonsillitis, adenitis, eczematous rashes,
enlarged mediastinal or neck lymph nodes,
mastoiditis, pneumonitis, sinusitis, allergic
rhinitis, facial acne, hemangiomata, lym-
phoma, medulloblastoma, and nasopharyngeal
carcinoma.

The mid-1950s represent the peak years dur-
ing which such irradiation was performed. In
18 consecutive cases of children with thyroid
cancer aged 3 to 15 years reported by the
Cleveland clinic, none presented with the dis-
ease during 1924 to 1939, 3 during 1939 to
1950, and 15 during 1950 to 1958.2! Similarly,
there were no cases of thyroid cancer in 57 chil-
dren with a nodular thyroid presenting to the
Mayo Clinic during 1900 to 1930; however 41
of 72 children (57%) with a nodular thyroid
presenting during 1930 to 1955 had thyroid
cancer.>40 Furthermore, from 1960 to 1975
there was a decline in the incidence of carcino-
matous thyroid nodules to 17% .41

Despite the observation that neck irradiation
increases the risk of thyroid cancer, there does
not appear to be a clear difference in the rate of
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Table 4.2. Clinical presentation of pediatric thyroid cancer in selected series
Sample populations

Parameter USAS:16-21,38-40 Eyrope!2.24-26.28,29,36  (Canada?®  Israel’334  Japan3? Combined’
N 289 242 63 48 149 476
Number of series reviewed 8 8 2 2 1 1
Prior irradiation (%) 56 7 S 17 3 76
% female 57-711 60-75 70 78 75 62
Time from first symptoms

to diagnosis (years) 2 2 — — — 2
Interval from radiation to

diagnosis (years) 8-10 6 — 8 — 8
Neck exam: thyroid mass

alone (%) 7-38 4-33 87 38-53 — —

Enlarged cervical lymph

node(s) alone (%) 36-56 35-96 13 43-63 10 —

Both (%) 57 0-35 0 5 — —
Histology: differentiated (%) 97 88-94 65-92 100 97 90

Papillary elements (%) 53-94 51-90 48-67 62-73 73 72

Pure follicular (%) 9-29 6-33 17-25 28-31 25 18

Undifferentiated (%) 0-3 0-11 0 0-7 3 3

Medullary (%) 3 1-15 8-15 0-4 0 3
Stage:

No spread (%) 16-46 33 -— — — —

Cervical nodes and/or

local spread (%) 62-88 65-75 33 48-88 —_ 74
Pulmonary (%) 12-46 6-25 40 0 17 14
Bone (%) 0-7 0 0 0 0 2

Sources for data; USA: refs. 5, 16-21, 38-40; Europe: refs.
Japan: ref. 32; combined: ref 35.

presentation of thyroid cancer in irradiated and
nonirradiated children (Table 4.2). Although
childhood head and neck irradiation is at
present relatively infrequent, a careful history
must be taken, and if positive or suspicious
with respect to exposure to radiation, examina-
tions must continue to be performed on a year-
ly to bi-yearly basis.

Because thyroid nodularity is less common
in children as compared with adults, its pres-
ence in a child suggests a greater likelihood of
malignancy than in the adult, whether or not
there is a history of neck irradiation. Desjar-
dins et al.?3 performed a retrospective study of
58 patients aged 3 to 20 years, who during the
1970s and 1980s, had thyroid nodules, 91% of
which were solitary. They found scintigraphic
evidence of nonfunctioning, cold nodules in
73% of the solitary cold nodules, and malig-
nancy in 30%. This latter figure is slightly high-
er than a previous figure of 14% reported by

12,24-26, 28, 29, 30, 36; Canada: ref. 23; Israel: refs. 33, 34;

Hung et al. in 198242 and 10% reported by
Belfiore et al.3! in 1989, in which there was
no history of irradiation, but substantially less
than the figures of 39% to 83% (mean =49%)
reported of children with nodular goiters who
were studied before the early 1970s, when neck
irradiation was more common.!5,16,34.43-46 Tp
comparison, approximately 5% of solitary
thyroid nodules in adults studied by Belfiore3!
were carcinomatous. Thus, regardless of the
prior history of neck irradiation, if a thyroid
nodule is found in a young patient there is an
increase risk that it harbors a cancer. This may
be related to an increased susceptibility of the
juvenile nodular gland to carcinogenic stimuli;
therefore, definitive diagnostic evaluation is
necessary.

The association of autoimmune thyroiditis
with thyroid cancer in children and adolescents
has been well described4748 although a causal
relationship has not been established. The
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cooccurence of thyroid carcinoma and auto-
immune thyroiditis ranges from 3% to 50% in
reported series.15-22:49-50 Thus, whether or not
a child is on thyroxine replacement therapy
for Hashimoto’s thyroiditis, careful and long-
term follow-up for the development of thyroid
nodules must be undertaken. Indeed, up to
10% to 15% of children with Hashimoto’s
thyroiditis present with thyroid nodules com-
posed of lymphoid or hyperplastic tissue.! In
a recent study of nine patients with papillary
carcinoma under the age of 20 years, lym-
phocytic infilration of the thyroid gland was
most pronounced near the primary lesion and
correlated with the degree of intrathyroidal
spread of the cancer.’? The apparent immuno-
mechanism in juvenile thyroid cancer is anti-
body-dependent cellular cytotoxicity (ADCC),
which is similar to that in autoimmune thy-
roiditis.5?

Other risk factors for pediatric thyroid can-
cer include female sex and familial history of
childhood thyroid cancer (familial papillary
carcinoma’®, multiple endocrine neoplasia
type IIa5 and IIb55, Von Hippel-Lindau syn-
drome36, Gardner’s syndrome>?, Cowden’s syn-
drome?3, or Pendred’s syndrome>9-69),

Clinical Presentation

A child may present with the disease anytime
from a few days to over a decade (average
latency = 2 years) following the appearance of
symptoms ultimately referable to thyroid can-
cer (Fig. 4.1). This latency period reflects the
lack of concern often generated by a painless
neck mass. In over 98% of cases, the predomi-
nant complaint is the presence of a neck mass
-or masses not associated with a preceding in-
fection or systemic illness. In rare cases, a child
may present with vocal cord paralysis due to
tumoral involvement of the recurrent laryngeal
nerve. A particularly rare entity is congenital
thyroid cancer, five cases of which were de-
scribed by Winship.61

A distinguishing feature of pediatric thyroid
cancer compared to the adult form is the very
high frequency with which cervical lymph
nodes are found to be enlarged at presentation.
One should bear in mind, however, that cervi-

Figure 4.1. Age at onset of symptoms or signs of
thyroid cancer in 69 children. Reprinted, by permis-
sion, from Hayles, 1963. (40)

cal lymphadenopathy may be found in a variety
of benign pediatric thyroid conditions includ-
ing mature teratoma, follicular adenoma, and
Hashimoto’s thyroiditis, as well as other non-
thyroidal illnesses.?3 Approximately one third
to one half of children with thyroid cancer
will present with cervical lymphadenopathy
alone. As mentioned above, this does not rep-
resent a “lateral aberrant” thyroid gland but
rather, nodal metastases. Lymph nodes that
are involved are firm, irregular, movable, and
nontender, with fixation/matting being a late
finding. There are usually 3 to 4 metastatic
lymph nodes on presentation with a diameter
of 1 to 2 cm each. Bilateral palpable nodal
metastases occur in 14% to 46% of patients
and are most common with the papillary type
of thyroid cancer.17.20.26 Qccasionally, nodal
metastases are mistaken in children for
branchial-cleft cysts or adenitis. The most com-
monly involved lymphatic chains are the deep
jugular and the tracheoesophageal. Anterior
superior mediastinal involvement is associated
with recurrent laryngeal nodal metastases.
Local spread of thyroid cancer beyond the
cervical lymph node chains occurs in 2% to
30% of cases and is suggested by nonproduc-
tive cough (tracheal involvement), hoarseness
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(invasion of the larynx or recurrent laryngeal
nerve), and dysphagia (esophageal involve-
ment).20-35 In addition, 30% to 80% of chil-
dren with thyroid cancer of both papillary and
follicular types will have intrathyroidal meta-
stases, invasion of the thyroid capsule, and
micro-invasion of blood vessels.19,25,33,62,63
Therefore, the physical finding of unilateral
thyroid involvement is unreliable: in 11 chil-
dren studied by Kodama et al.32 unilateral
primary lesions were palpated preoperatively
in 82% of cases; however at surgery, 78% of
glands had bilateral involvement.

Symptoms referable to distant metastases
are infrequent. Of 28 patients with thyroid can-
cer aged 4 to 18 years studied at Memorial
Sloan-Kettering Hospital, 13 (46%) presented
with pulmonary metastases.®® Of the 13,
eleven (85%) were asymptomatic; the other
two complained of cough or hemoptysis. The
chest roentgenograms were deceptive since
they depicted a diffuse, miliary/micronodular
process and not large solitary masses, and were
therefore confused with tuberculosis and fun-
gal infections. Schiumberger et al. have sug-
gested that involvement of the laryngeal nerve
lymph node chain heralds pulmonary involve-
ment. Distant metastases may also involve the
mediastinum and myocardium. Bone metas-
tases, even in children exposed to neck irradia-
tion, are exceedingly rare (0% to 7%) in com-
parison with adults (20%).64

Papillary cancers tend to be smaller and
often nonpalpable, although more frequently
multicentric in thyroid tissue than are follicular
cancers. The overall prevalence of “micro-
sopic” contralateral thyroidal metastases in all
differentiated thyroid cancers is as low as 10%
to 15%95 and as high as 62% to 87% .33.62:63
Pure papillary or “papillary-follicular” cancers
are associated with autoimmune thyroiditis in
8% to 45% of cases.?2:35 In a retrospective
study of 23 cases of childhood thyroid cancer in
which 15 were well-differentiated with postop-
erative follow-up ranging from 8 months to 20
years (average = 7.5 years), Desjardins et al.22
concluded that (1) the presence of psammoma
bodies suggests intrathyroidal metastasis but
less aggressiveness and a better prognosis, re-
gardless of nodal metastases and (2) the pres-

ence of Hiirthle cells suggests a more aggres-
sive evolution. Psammoma bodies are also
found in Hashimoto’s thyroiditis.3? In general,
distant metastases are rare in childhood papil-
lary thyroid cancer although unilateral lymph
node metastases and bilateral lymph node
metastases are found in 54% of cases and 46%
of cases, respectively.26

In children, pure follicular thyroid cancers
account for 6% to 33% of all types of thyroid
cancer. They tend to metastasize via a hema-
togenous route to the lungs. These cancers
nearly always present with an abnormal thy-
roid on examination, in contrast to papillary
cancers, which present with cervical adeno-
pathy in 50% of cases.26 As mentioned above,
bone metastases in follicular cancer are rare in
children. Histologically, microinvasive follicu-
lar cancer is indistinguishable from the benign
follicular adenoma.??

Diagnostic Approach

The diagnostic evaluation of a child or adoles-
cent with a neck mass is primarily based on (1)
assessment of established and suspected his-
torical risk factors and (2) physical findings
on neck examination (Table 4.3). Certainly,
any child with a suspicious lymph node (failure
of regression following adequate appropriate
antiinflammatory or antibiotic therapy) should
undergo lymph node biopsy. Compliance with
this principle would minimize the latency be-
tween onset of symptom and diagnosis (above)
without introducing significant morbidity.

Biochemical markers (calcitonin, chromo-
granin A, carcinoembryonic antigen, etc.) for
medullary carcinoma of the thyroid (MCT; see
chapter 8) must be obtained in any child with a
family history of MCT or multiple endocrine
neoplasia syndrome, or in cases in which cyto-
logic investigation is suspicious for MCT.
Calcium-pentagastrin stimulation testing is in-
dicated in children at risk for MCT when base-
line studies are nondiagnostic.

Thyroid anatomy is best delineated by the
use of 123, 131] or *°mTc scintigraphy (to ex-
clude aberrancies) and ultrasonography (to
confirm physical findings). 123 has the advan-
tage of emitting less radiation and may be more
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Table 4.3. General guidelines for management of differentiated thyroid cancer in children and adolescents

Initial evaluation

History of neck irradiation, familial involvement of thyroid cancer, viral infections, and neck trauma

Immunization status

Detailed neck examination

Thyroid function tests

Biopsy of suspicious cervical lymph node

Fine needle aspiration of suspicious thyroid nodule

Additional diagnostic methods
Serum tumor markers
Scintigraphy
Ultrasonography

Chest roentgenogram
Quantitative cytology

Initial therapy
Subtotal or near-total thyroidectomy

Less surgery: unilateral, small, encapsulated follicular cancer
More surgery: extensive local involvement where symptomatic relief is expected as result of the procedure or when
high-does (>150 mCi) radioactive iodine may be avoided by increasing amount of tissue resected

No prophylactic neck dissection
Modified neck dissection for gross nodal involvement

Postoperative management

Whole body radioiodine scintigraphy 6 weeks postoperatively to identify residual neck tumor and distant metastases
Adjuvant ablative radioiodine treatment 7 weeks postoperatively for thyroid remnant, nodal involvement, and/or distant

metastases
Annual chest roentgenograms

Periodic whole-body radioiodine scintigraphy to identify distant metastases:

First follow-up 6—12 months, then
Every 1-2 years (if disease present)
Every 2-5 years (if disease-free; ?lifelong)
High-dose radioiodine treatment for distant metastases
Lifelong L-thyroxine suppression

Lifelong regular thyroglobulin levels to monitor for recurrence

Lifelong regular thyroid function testing and neck examination in addition to routine evaluation of growth and develop-

ment

suitable for children. The presence of unilater-
al functioning thyroid tissue most often repre-
sents a developmental abnormality rather than
an autonomous nodule in a normal gland.
Negative scintigraphic results should not be in-
terpreted as arguing against further evaluation,
inasmuch as 30% of children with thyroid can-
cer have been reported to have entirely normal
scans.1?

A routine chest roentgenogram must be
obtained for any child with a suspicious neck
mass to detect pulmonary metastatic involve-
ment. Bone scanning does not need to be
performed routinely in light of the rarity of
osseous metastases.

Features suggesting the need for surgical ex-
ploration for thyroid neoplasm include positive

history of neck irradiation, suspicious cervical
lymphadenopathy, and rapidly growing, solit-
ary nonfunctioning thyroid nodules. Any palp-
able thyroid nodule is a candidate for fine nee-
dle aspiration (FNA) though situations that are
particularly deserving include: multinodular or
uninodular (functioning and/or nonfunction-
ing) thyroid in an otherwise low-risk patient,
simple cystic lesions detected by ultrasonogra-
phy in any child, and follow-up of nonsup-
pressible nodularity in a low-risk patient. FNA
is more difficult technically in prepubertal chil-
dren owing to noncompliance with positioning
efforts, pain control, and smaller neck and
nodule size. Therefore, when possible, FNA
should be performed by a physician experi-
enced with pediatric cases. Many endocrino-
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logists suggest surgical exploration of high-risk
children with suspicious nodules or lymph
nodes without utilizing FNA. However, be-
cause benign lesions may currently account
for up to 90% of suspicious nodules,3! at a
time when pediatric neck irradiation is not gen-
erally performed, FNA is generally recom-
mended and assists decision making regarding
surgery.66-68

Two drawbacks of FNA, however, are the
relatively high false negative rate (10% to
37%) and reproducibility rate (2% to
37%).99-70 Recently, quantitative cytological
methods, for example, flow cytometry for
DNA-ploidy determination, have been applied
to FNA samples; however, attempts to dis-
criminate between malignant and benign tis-
sue, and not simply individual cells, remain
unsuccessful.71-75>  Nevertheless, in certain
instances, like follicular carcinoma, DNA
aneuploidy provides major prognostic value.
Moreover, it appears that children have a low-
er rate of aneuploidy in thyroid tumors (10%)
than adults (25%), which may explain the
more indolent course observed in pediatric
thyroid cancer.’® Compared to nonirradiated
adults, there is also significantly less aneu-
ploidy in DNA content from thyroid cancers in
adults exposed to neck irradiation.””

Surgical exploration is indicated for a posi-
tive or suspicious FNA. If the FNA is negative
for malignancy, suppressive therapy with thy-
roxine and observation may be undertaken. If
significant regression of the nodule does not
occur after 3 to 6 months of adequate sup-
pression, then the child should be surgically
explored. Overall, management decisions in
pediatric thyroidology are not algorithmic, but
require simultaneous consideration of the pa-
tient’s history, physical examination, imaging
and cytologic studies, and most importantly,
full discussion with the child’s parents or guar-
dians about the risks and benefits of a surgical
procedure.

Surgical Findings

Thyroid exploration enables histopathologic
diagnosis to be performed as well as providing
a means of gauging the degree of local spread
either by extension or by lymphogenous/

hematogenous metastasis. Nearly all pediatric
thyroid cancers are of the differentiated thy-
roid epithelial type (65% to 100%); of these,
the majority have papillary elements (51% to
94% of all types). To a degree, the more favor-
able prognosis observed with pediatric thyroid
cancer compared to the adult form is due to the
higher incidence of papillary carcinoma in the
younger age group;> however, other factors
also play a role since adult papillary cancer is
more lethal than the pediatric form.

In roughly one-third of cases, neck explora-
tion in children with thyroid cancer reveals no
evidence of metastases. In the remaining cases,
spread may be limited to the lymph nodes,
or involve direct extension and invasion of
perithyroidal tissue. Overall, unilateral nodal
involvement is seen in approximately 50% to
70% and bilateral involvement in 30% to 50%
of cases.?6-40 The deep jugular and recurrent
laryngeal nerve lymph node chains are most
commonly affected.3¢ Local invasion occurs
in 5% to 33% of cases.?>33 In decreasing
order of frequency the structures affected are:
thyroid capsule, trachea/esophagus, recur-

rent laryngeal nerve, and straight neck
muscles.12,17,26,30,33,35,36

Natural History and Cause of Death

Based on the findings of Winship and Rosvoll35
who reviewed 878 cases of pediatric thyroid
cancer that occurred before 1970, the cause of
death in 75% of this group was respiratory
obstruction/asphyxiation or respiratory infec-
tion. Four patients died of tumor hemorrhage
but only 18 from wide-spread metastases to (in
decreasing order of frequency) cervical lymph
nodes, lungs, mediastinum, bone, liver, adren-
al, or brain.35 The most lethal cancer type was
undifferentiated, followed by medullary, “un-
known”, “unclassified,” and finally well-
differentiated (papillary and follicular were
essentially equal).35

Varieties of Pediatric
Thyroid Cancer

Well-Differentiated Thyroid Cancer

The overwhelming majority of pediatric cases
of thyroid cancer are of this type. Controver-
sial management decisions involve the extent
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Figure 4.2. Sites of recurrence of differentiated thyroid cancer in children. Reprinted, by permission, from

MP La Quaglia et al, 1988. (79)

of surgery, the utilization of adjuvant radio-
iodine therapy, and the use of thyroxine sup-
pressive therapy.

Surgical Approach

Perhaps the most significant issue in the man-
agement of children with thyroid cancer con-
cerns the choice of surgical procedure. This de-
cision is based primarily on the patient’s risk
factors, the extent of local and distant involve-

ment, and knowledge of the natural history of
the tumor.

Children with thyroid cancer have extensive
disease on presentation. This was assumed to
have a negative impact on survival and led to
the assumption that aggressive initial surgery
was indicated. However, in 1967, Klopp et
al.’® raised considerable doubt about the
notion that extensive surgical intervention in
pediatric thyroid cancer was necessary. They
reported a “relatively favorable outcome



4. Tuyroip CANCER IN THE PEDIATRIC PATIENT 53

Figure 4.3. Effect of histology and age on recurrence rate following thyroid surgery in children. Panel A:
Effect of histological type; Panel B: Effect of age at presentation. Reprinted, by permission, from MP La

Quaglia et al, 1988. (79)

Figure 4.4. Effect of age and procedure on major morbidity following thyroid surgery in children. Re-
printed, by permission, from MP La Quaglia et al, 1988. (79)

irrespective of treatment, or at least despite
lack of what is considered adequate ther-
apy.”78 La Quaglia et al.” performed a retro-
spective analysis of 100 patients under the
age of 18 from 1949 through 1986 at the Memo-
rial Sloan-Kettering Cancer Center, New York
City and found an overall recurrence rate of
34% up to 25 years after initial surgical treat-
ment. The type of thyroid surgery and lympha-
tic dissection had no significant effect on the
length of the period before recurrence.” Age

and histologic subtype were predictive of
length of the period before recurrence (Fig. 4.2
and 4.3), but age and extent of thyroid surgery
determined major morbidity (Fig. 4.4).7° The
authors concluded that in children, total thy-
roidectomy or radical neck dissection does not
have a significantly lower recurrence rate com-
pared to less extreme surgery. They recom-
mended that the more aggressive procedures
be avoided because of the higher complication
rates.
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The conservative approach,™ however, con-
tinues to be challenged. Some investigators
specifically advocate total thyroidectomy for
bilateral disease and near-total thyroidectomy
for unilateral disease in light of the high fre-
quency of intrathyroidal metastases.t It should
be noted, however, that in children, the risk of
hypoparathyroidism is as high as 26% and in-
jury to the recurrent laryngeal nerve as high as
37% when radical surgery is performed.14.30

At present, conservative surgical therapy is
recommended. A general principle is to per-
form bilateral resection consisting of ipsilateral
total lobectomy, isthmectomy, and contralater-
al subtotal or near-total lobectomy, with spe-
cial care to preserve the laryngeal nerves, and
at least one parathyroid gland and its vascular
supply in situ (Table 4.3).83 This approach is
applicable to papillary cancer in which occult
thyroidal metastases are frequent, as well as to
invasive follicular cancer. Ipsilateral lobectomy
and isthmectomy may be reserved for a small
(<1.5-2.0 cm) unilateral, noninvasive, encap-
sulated follicular cancer because multicen-
tricity is less frequent.84

Performing a modified neck dissection, with
preservation of the sternocleidomastoid mus-
cle, when cervical lymph node involvement is
suspected or established, is also debatable. It
has been suggested that in children the pres-
ence of lymph node metastases has little or no
effect on the overall prognosis36:85-87; there-
fore, elective or prophylactic neck dissection
would be unwarranted.?¢ Since the majority of
differentiated thyroid cancers in children take
up radioactive iodine, and are particularly
sensitive to it, adjuvant therapy with 131 can
provide the benefit of ablating residual thyroid-
al and nodal tumor without the risks of total
thyroidectomy and neck dissection.

Aggressive treatment, such as total thyroid-
ectomy with or without radical neck dissec-
tion, must be reserved for exceptional cases
with extensive local involvement in which addi-
tional resection is expected to provide com-
mensurate improvement. When distant metas-
tases are known to exist, total or near-total

*References 7, 19, 22, 29, 32, 35, 65, 80, 81
fReferences 12, 19, 20, 25, 28, 33, 36, 82

thyroidectomy for unilateral or bilateral dis-
ease is a reasonable alternative to minimize
any residual tumor that may be competing for
radioiodine. If parathyroid tissue is found in a
resected thyroidectomy specimen, it may be
autotransplanted within the neck or to the
forearm to avoid lifelong vitamin D and cal-
cium therapy for hypopituitarism.

Adjunctive Radioactive lodine Therapy

Radioiodine is not recommended as single-
modality therapy for pediatric thyroid cancer.
In children who have had less than a total thy-
roidectomy, in which there is a remnant and,
therefore, a possibility of residual tumor, nodal
involvement, or distant metastases; ablative
131 treatment is indicated. Conversely, if the
entire primary tumor has been resected and
there is no evidence of local spread or distant
metastasis, radioiodine treatment may be de-
ferred. The complications of ablative radio-
active iodine preclude its routine use after ade-
quate initial surgery in children.8688 These
complications include leukemia, chromosomal
injury, restrictive lung disease due to fibrosis,
sterility, and pancytopenia.8’

A major concern of physicians considering
radioactive iodine as part of their treatment
plans for thyroid cancer in a child is the effect
on the gene mutation rate and the immediate
effect on chromosomes in the gonads. In gener-
al, an administered dose of 150 mCi 131I would
double the natural mutation rate.® This trans-
lates to 240 children per 100,000 live births
having a deleterious mutation.®® Furthermore,
this same dose would be responsible for about
50 live births with a congenital abnormality due
to a 13-induced reciprocal translocation.%°
Overall, 150 mCi would be expected to pro-
duce a genetic abnormality in 0.3% of live
births and 500 mCi in 1.0% of live births.90

The frequency of acute myelogenous leuke-
mia after 13! treatment is 0.5% but usually
occurs only with very high doses (>900
mCi)%-%1; however, it must be noted that thy-
roid carcinoma is only one of several forms
of solid second malignancies that occur after
acute lymphoblastic leukemia in children.%2
The risk of developing one of these complica-
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tions is significant because of the long-term sur-
vival of these patients.%?

The efficacy with which radioiodine destroys
metastases depends on the amount of thyroid
tissue that remains to trap and sequesters the
administered dose. The thyroid-stimulating
hormone (TSH) level should be allowed to in-
crease over 30 mIU/1 for optimal scanning. An
adequate ablative dose can be computed from
the 1311 uptake in the neck, which should be
measured by means of whole-body radioiodine
scintigraphy approximately 6 weeks postoper-
atively; the patient should not be receiving
thyroid hormone replacement or suppressive
therapy. Follow-up whole-body scans should
be performed at regular intervals, depending
on whether distant metastases are present
(Table 4.3). Thyroid replacement or suppres-
sion must be restarted immediately after scan-
ning or radioiodine treatment to minimize
the duration of hypothyroidism in children.
Currently, there is insufficient data to warrant
the discontinuation of scintigraphic follow-up
in children. Therapeutic radioiodine dosing
should continue every 6 to 12 months from the
time bone marrow recovery is demonstrated
until the time 1311 uptake is undetectable.

The benefits!®.20.27.28,35 and risks?* of ad-
juvant radioiodine have been discussed by
several authors. Thyroid remnants usually re-
spond to doses of 30 to 100 mCi, although two
patients reported by Ceccarelli?8 required 150
and 160 mCi. Nodal metastases require larger
and multiple doses (up to 300 mCi) and pul-
monary metastases require still larger doses
(up to 600 mCi).?8 Approximately 90% of
childhood pulmonary metastases trap radio-
iodine,3¢ although 79% of the pediatric pa-
tients with pulmonary involvement studied
by Ceccarelli?® had pulmonary metastases that
were resistant to large doses of radioiodine
(185 to 500 mCi). However, In Winship and
Rosvoll’s series,?> 31% of patients experienced
complete regression of pulmonary metastases
following radioiodine.

When one fully evaluates the above risks
and benefits, it appears that a sound general
approach consists of conservative surgery fol-
lowed by adjuvant radioiodine therapy. Fol-
lowing conservative surgery, the majority of

thyroid remnants and local nodal metastases
will respond to a dose of radioactive iodine at
levels below those that one would expect to
produce unwanted genetic effects. If extensive
thyroidal or resectable nodal metastases are
demonstrated, then a more aggressive surgical
approach may be considered, in order to obvi-
ate the need for high-dose adjuvant radio-
iodine. This issue is at present far from settled.
What may be ultimately determined is that, in
light of the less aggressive course of pediatric
thyroid cancer as compared with the adult thyr-
oid cancer, conservative surgery and radio-
iodine dosing, or no radioiodine dosing at all,
may be the preferred regimen.

External irradiation is not recommended for
the routine treatment of differentiated thyroid
cancer. In children, its usefulness is essentially
limited to those cases refractory to the com-
bination of surgery and radioiodine, in which
there is significant metastatic or nonresectable,
nonfunctioning tissue. This situation is one in
which there is usually extreme tumor involve-
ment of the trachea, esophagus, recurrent
laryngeal nerve, or lungs.

Thyroid Suppression Therapy

There is general agreement in the literature
that L-thyroxine therapy must be instituted and
continued lifelong in patients with childhood
thyroid cancer following initial surgery. The
rationale for thyroid hormone therapy post-
operatively is twofold. First, replacement ther-
apy is required following extensive resection of
the thyroid gland to prevent hypothyroidism
and its attendant deleterious effects on growth
and development of the child. Second, suppres-
sion of endogenous TSH is mandatory. The
usual starting dose in children is 1 to 2 ug/kg/
day. The dose is then titrated to as high
as 150 to 200 ug daily to suppress TSH below
detectable levels, using a sensitive immuno-
radiometric or chemiluminescent assay system
(0.2-0.3 mIU/). There is currently no evi-
dence that suppression therapy is detrimental
to growth and development. The availability of
sensitive TSH assays obviates the need for
thyrotropin-releasing hormone (TRH)-stimu-
lation studies.
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It has been postulated that the actively grow-
ing juvenile thyroid gland is particularly sensi-
tive to TSH.95 It has been suggested that, in
theory, increased TSH levels are associated
with the transformation of differentiated thy-
roid cancer into undifferentiated thyroid can-
cer in children. However, in a large pediatric
series, papillary cancer changed to undiffer-
entiated cancer in less than 1% of cases.?3-9
Cady et al.?7 reported significantly improved
mortality rates with thyroid suppression in
patients who have cancers with papillary ele-
ments but not in low-risk patients with pure
follicular cancer.

In practice, suppression enables the clinician
to monitor for recurrence by following serum
thyroglobulin (TG) levels every 6 months.%8 If
TG is detectable when the patient is on sup-
pression, or is greater than 10 ng/ml when the
patient is off suppression, then the probability
of recurrence or metastases must be consid-
ered. Schlumberger et al.%® found that 56% of
patients with TG of less than 15 ng/ml had no
recurrence and that 44% of patients with TG of
greater than 26 ng/ml had a recurrence 3 to 6
months after initial surgery. Elevated TG
levels necessitate discontinuation of suppres-
sion therapy and follow-up whole-body 131
scintigraphy after the TSH reaches a level of
greater than 30 mIU/l. Sometimes, an elevated
TG indicates the presence of metastases that
do not trap iodine. In these infrequent cases,
technicium®®™ bone scanning, thallium201
whole body scanning, or magnetic resonance
imaging or computerized tomography of the
chest and neck are useful. The presence of
antithyroglobulin antibodies confounds the TG
assay; however, a novel immunoradiometric
TG assay has been developed, but is not yet
commercially available in the United States,
which reliably detects TG in the presence of
such antibodies.?®

Attention must be given to the potential
noncompliance with medical therapy in this
age population. The endocrinologist should
schedule therapy (either dosing of medicine or
time off for surgery) with minimal interruption
in schooling. Adolescent patients are liable to
avoid taking medicines that do not have an
immediate or noticeable effect. As compliance

is of utmost importance, suppressive therapy
may not be easy to employ if the child is un-
cooperative or has ineffective parental support.

Prognosis

Although childhood thyroid cancer presents
with more extensive involvement than the
adult form, the prognosis is very good, with
overall survival rates ranging from 80% to
100% in large series. As in the case of adult
thyroid cancer, boys tend to have a poorer
prognosis than girls (p = 0.09; Table 4.4).10
Therefore, one might argue that boys should
be treated more aggressively than girls. Klopp
et al.”8 reviewed the records of 46 patients di-
agnosed with thyroid cancer between 1926 and
1955 who were treated with “less than accepted
therapy.” They found 10-year and 20-year sur-
vival rates of 82.6% and 73.9%, respectively,
which compare favorably with an overall 5-
year survival rate of 70% and 10-year survival
rate of 80% from patients with regional disease
receiving “accepted therapy” at Memorial
Sloan-Kettering Hospital, New York City from
1949 to 1957.1%1 Though reports of surgical
mortality are rare,?-80 major complication
rates following initial surgery in children have
been reported to range as high as 15% to
50%.* In addition, there may be an increased
risk of osteoporosis following total thyroidec-
tomy combined with radioiodine treatment.
Cady et al.%* noted a reduction in serum calci-
tonin and bone density with an increase in
pathologic fractures.

In young patients with differentiated thyroid
cancer treated with near-total thyroidectomy,
modified radical neck dissection, postoperative
radioiodine to ablate residual thyroid tissue
when present, and thyroid suppressive ther-
apy, Ceccarelli et al.?® reported “cure” in 22
(61%) and “relapse” in 28% of those “success-
fully treated.”

In a large retrospective study performed at
the Mayo Clinic by Zimmerman et al.,”® chil-
dren with papillary cancer were found to have
more postoperative cervical nodal metastases,

*References 19, 20, 35, 36, 40, 43, 61, 63, 65, 95,
102-104
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Table 4.4. Association of clinical presentation and initial surgical management with remission, relapse, and
metastases rates in 72 children with differentiated thyroid cancer.*

Remission Early metastases Late Metastases
Number (%) Replase (%) (%) (%) p-valuet

Male 21 48 40 — — .09
Female 51 65 18 — —
Palpable thyroid tumor 67 57 26 — — .07
Nonpalpable thyroid tumor 5 100 0 — -
Palpable lymph nodes 53 51 30 — — .03
Nonpalpable lymph nodes 19 84 12 — —
Initial lung metastases 13 8 0 — —— .002
No initial lung metastases 59 71 24 — —
Papillary elements 50 60 30 — — not
No papillary elements 21 62 8 — — significant
Extracapsular tumor 36 - — 28 25 .04
No extracapsular tumor 18 —_ —_ 6 0
Isthmus involvement 28 — — 39 25 .0001
No isthmus involvement 15 — — 7 7
Unilateral tumor 23 —_ — 9 4 .0004
Bilateral tumor 23 — — 39 30
Unifocal tumor 10 — — 0 0 .02
Multifocal tumor 43 e — 26 21
Rec. laryng nodal involvemt 39 — _— 26 21 .06
No Rec. laryng. nodal involvemt 7 — — 0 0
Age <7 years 11 — — 55 27 .001
Age between 7 and 13 years 29 — e 10 31
Age > 13 years 32 — — 12 16
No thyroid surgery 3 0 0 67 —
Tumorectomy alone 4 25 50 0 —
Lobectomy + Isthmectomy

+ neck dissection 31 77 21 13 13 —_—
Total thyroidectomy

+ neck dissection 27 52 36 37 19 —

Reprinted, by permission, from M Schlumberger, F De Vathaire, JP Trauagli, G Vassal, J Lemerle, Parmenter C, et al. Differentiated
thyroid carcinoma in childhood: long term follow-up of 72 patients. J Clin Endocrinol Metab 1987;65:1088-1094. Copyright by The

Endocrine Society, 1987.

*Surgical managment based on standard protocol designed to resect all evident tumor both macroscopic and microscopic (see text).

tEarly: within 1 year after initial treatment; late: after 1 year

*Log-rank test p-value comparing observed and expected total number of patient metastasis or patients without remission + those with

relapse

but not local recurrences or distant metastases,
as compared with adults. Interestingly, the 15-
year mortality rate in patients diagnosed with
distant metastases was significantly lower in
children (14%), than in adults (68%).7¢ This
finding has been confirmed by Zohar et al.34
The authors attribute this difference to the low-
er frequency of aneuploidy in pediatric thyroid
cancers compared to thyroid cancers in adults.
Surprisingly, even though younger patients
present with more advanced disease than
adults, only 9.3% have residual tumor after
definitive surgery compared with 16.1% of

adults.* Other comparisons between the prog-
nosis in children versus the prognosis in adults
are shown in Table 4.5. The overall 30-year
survival rate of children with papillary cancer is
not significantly different from that of normal
children.76-34

The clinical presentation, therapeutics, and
prognosis of 72 children with thyroid cancer
were studied by Schlumberger et al.36 in 72
children (Table 4.4). Only eight patients (11%)
had a history of neck irradiation. Significant
differences between observed and expected re-
mission rates occurred when palpable lymph
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Table 4.5. Prognosis following initial surgery in 54 children and 350 adults with differentiated thyroid cancer

Children* Adults
Vocal Vocal
Residual Hypopara- Cord Residual Hypopara- Cord
Tumor Relapse thyroidism  Paresis Tumor  Relapse thyroidism Paresis
N (%) (%) (%) (%) N (%) (%) (%) (%)
Partial thyroidectomy
No neck dissect 10 10 10 0 0 62 27 21 0 8
Partial neck dissection 2 50 0 0 0 8 12 50 0 12
Radical neck dissection 0 — — — — 4 50 0 0 0
Lobectomy
No neck dissection 11 10 10 0 0 108 6 6 0 3
Partial neck dissection 1 0 10 0 0 10 10 0 0 0
Radical neck dissection 3 0 0 0 0 18 6 11 0 22
Near-total thyroidectomy
No neck dissection 5 20 0 20 0 70 27 16 10 17
Partial neck dissection 4 25 0 25 0 16 31 0 25 19
Radical neck dissection 11 0 6 28 17 54 15 15 20 11
Total 54 9 7 13 6 350 16 13 6 5

Reprinted, by permission, from JA Buckwalter, Thomas CG, Freenan JB. Is childhood thyroid cancer a lethal disease? Ann Surg

1975;181:635.
*Children: under 21 years

nodes and initial lung metastases were present.
Others have not been able to demonstrate
an influence of cervical nodal metastases on
prognosis.8>-87 The presence of papillary ele-
ments did not affect the remission rate. Meta-
stases were associated with extracapsular
tumor, isthmus involvement, bilaterality, and
age less than 7 years. Based on a standard
surgical protocol at Institut Gustave-Roussy
(IGR),%¢ it was determined that in patients
without metastases on presentation, the failure
rate of initial surgical management was five
times greater in patients with macroscopically
incomplete surgery than in those undergoing
complete tumor resection (p <0.00001). Lim-
ited surgery was only performed when there
was no evidence of involvement of the prox-
imal third of the contralateral lobe on frozen
section.

The overall recurrence rate following com-
plete remission was 17% at 10 years and 34%
at 20 years; the overall survival was 98% at 10
years, 90.3% at. 20 years, and 78% at 25 years,
even though the standardized mortality ratio
was 8:1 (Fig. 4.5).36 Interestingly, brain metas-
tases were noted in two patients previously
treated for lung metastases. Lung metastases

were found in association with involvement of
the recurrent laryngeal nodal chain, which sup-
ports the concept of lymphatic spread between
the thyroid bed and lungs, particularly behind
the sterno-clavicular joint.10

It was concluded from the Schlumberger et
al.36 study that complete resection of macro-
scopically apparent tumor must be attempted
with a modified neck dissection if ipsilateral
jugulocarotid chain involvement is demon-
strated on intraoperative frozen section. Never-
theless, as pointed out above, it is the surgical
complication rate, and not necessarily the re-
mission rate, that increases with more exten-
sive resection in children.

It should be stressed that recommendations
for the treatment of thyroid cancer in children
are based on ongoing studies that, for the most
part, have not followed patients long enough to
detect what may be significant differences in
mortality, recurrence, or even complication
rates. This is due primarily to the fact that
pediatric thyroid cancer has such an indolent
course. Therefore, in the future, when more
long follow-up intervals have elapsed, recom-
mendations regarding surgical management,
use of radioiodine, and the value of long-term
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Figure 4.5. Survival of 72 children with differentiated thyroid cancer. Reprinted, by permission, from M
Schlumberger et al, 1987. (36) Copyright by The Endocrine Society, 1987.

thyroxine suppression may differ somewhat
from current recommendations. For now, con-
servative therapy as outlined above is recom-
mended, based on what is known about the
natural history of pediatric differentiated thy-
roid cancer and the risks and benefits of vari-
ous surgical modalities (Table 4.6).

Uncommon Thyroid Neoplasms

Thyroid neoplasms may be derived from the
epithelial tissue or from other constituents of

the gland. Although the majority of malignant
thyroid neoplasms are of the well-differen-
tiated epithelial type, less-differentiated
epithelial cancers may develop that are more
aggressive and have a greater potential for
malignancy and lethality. These types include
insular, poorly differentiated, Hiirthle cell,
mucinous, columnar cell, and “tall-cell variant
of papillary” carcinoma.196.107 Fortunately,
these variants are very rare in the pediatric age
group.

Other thyroid neoplasms, such as medullary

Table 4.6. Summary of controversy over initial surgical management of pediatric differentiated thyroid

cancer

THEORY: Pediatric differentiated thyroid cancer presents with more extension involvement but has a more indolent

course compared to the adult condition.

PROCEDURE

Conservative:

Less than total thyroidectomy with resection of
grossly involved cervical lymph nodes, post-
operative radioiodine therapy, and lifelong
suppression

Aggressive:

ADVANTAGES

lower major surgical complica-
tion rate

DISADVANTAGES

theoretical risk of higher
metastatic rate (insufficient
data to prove this currently)

may need to deliver high-dose
radioiodine

Total thyroidectomy with modified radical neck
dissection when microscopic nodal metastases
are found on intraoperative frozen section,
radioiodine if there is residual tissue, and life-
long suppression

superior survival rates (con-
ficting data—unresolved
at present)

avoid high-dose radioiodine
undless extranodal metas-
tases are present

cosmesis
major surgical complications
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carcinoma (Chapter 8), teratoma, and sarco-
ma, have natural histories and morbidities that
are very different from papillary and follicular
cancers. This makes it imperative that all thy-
roid masses in children be studied pathological-
ly. In fact, most of the mortality in children
with thyroid cancer is due to the relatively un-
common instances of medullary and undiffer-
entiated carcinoma. It should be noted that
primary lymphoma of the thyroid gland, seen
most often in adults, is extremely uncommon
in children and adolescents.108

Undifferentiated (Anaplastic)
Thyroid Cancer

Since undifferentiated thyroid cancer is a high-
ly lethal malignancy, it must be excluded in
every child or adolescent presenting with a thy-
roid mass. Although undifferentiated thyroid
cancer is infrequent in children, there have
been studies of European cases that have re-
ported a frequency as high as 11% in children
with neck masses (Table 4.1). In addition to
the aforementioned risk factors for all thyroid
cancers in children, there is also the risk (the
degree of which is debated) of undifferentiated
neoplasms arising from, or being associated

with, differentiated neoplasms, possibly under-

the influence of elevated TSH levels.14.96,98,109

In Winship and Rosvoll’s3> series of 606
cases of pediatric thyroid cancer, 16 (3%) were
undifferentiated. Of these, 14 (88%) were the
small cell variety and 2 (12%), the spindle and
giant cell varieties. The former are composed
of sheets of small cells with large hyperchro-
matic nuclei. In terms of clinical appearance,
childhood small cell cancers grow rapidly and
extend aggressively into the soft tissues of the
neck. Spindle and giant cell undifferentiated
cancers are extremely malignant but fortunate-
ly very rare. These tumors can have a variable
mix of spindle cells with giant, bizarre cells
having pyknotic nuclei.

A preponderance of undifferentiated carci-
nomas in Europe (supporting the data in Table
4.1) in all age groups was discussed by Win-
ship and Rosvoll.35 Specifically, 70% of cases
reported from Glasgow had “anaplastic car-
cinoma and ‘relatively few’ had papillary

cancer.”110 This interesting disparity may be
related to geographic differences in pathologic
interpretation of specimens or to the fact that
neck irradiation is less frequently used in
Europe.

The reported survival rates for undifferenti-
ated thyroid cancer in children range from 9
months to 1 year after diagnosis.? Among all
thyroid cancer deaths in children reported by
Winship and Rosvoll,3> the highest mortality
rate (81%) was found in patients with undiffer-
entiated cancer. Unlike the case of differenti-
ated thyroid cancer where children fare better
than adults, undifferentiated thyroid cancers in
children and adults exhibit the same hehavior.
The rare cases of childhood undifferentiated
cancer ought to be treated aggressively with
total thyroidectomy, radioiodine to ablate any
remaining tissue or functioning metastases,
suppression, and chemotherapy and external
radiation as indicated.

Teratoma

These neoplasms are virtually always benign
but require surgical extirpation because of
their tendency to eventually cause compressive
symptoms. The true primary thyroid terato-
ma, presenting in stillborn or newborn in-
fants 111,112 i3 extremely rare. When it oc-
curs, it is medially situated, with thyroidal
vascularization. Occasionally, when it presents
in late adolescence, the potential for malignan-
cy is high, as it is in adults. Frequently, terato-
mas are in the lateral portion of the neck and
involve the thyroid gland secondarily. Again,
their removal is necessary to exclude a malig-
nant thyroid lesion.

The treatment of choice is total or near-total
thyroidectomy with thyroid hormone replace-
ment therapy so that growth and development
occur normally. In children, malignant terato-
mas have a very agressive clinical course. De-
spite total thyroidectomy, external radiation,
and chemotherapy, survival rarely exceeds 1
year.113

Conclusions

Thyroid cancer in the pediatric age group dif-
fers from that in adults. When a child or
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adolescent is found to have a neck mass, any
history of previous neck irradiation or occur-
rence of thyroid cancer in other family mem-
bers must be obtained. Diagnostic evaluation
should include a thyroid scan, sonogram, and
fine-needle aspiration in order to exclude the
possibility of a malignant neoplasm. If there is
a high risk of thyroid cancer, then explorative
surgery is warranted. When intraoperative
frozen sections indicate the presence of a
differentiated cancer, conservative resection
with less-than-total thyroidectomy followed
by radioiodine and TSH suppression is a rea-
sonable approach. More aggressive initial
surgery must be performed in cases of undif-
ferentiated and medullary cancer. Fortunately,
the outlook for youngsters with thyroid can-
cer is generally favorable. Nevertheless, more
clinical trials with longer follow-up intervals
are required to better identify optimal treat-
ment regimens.
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Surgery for Well-Differentiated
Thyroid Carcinoma

ARTHUR E. SCHWARTZ and EUGENE W. FRIEDMAN

A wide spectrum of cancers arise in the thyroid
gland. These range from well-differentiated,
slow-growing malignancies to relentless and
almost inevitably lethal anaplastic cancers (see
Table 5.1). Parafollicular thyroid cells give rise
to medullary carcinoma that may be familial or
sporadic. In addition, the thyroid may be the
seat of lymphomas or the site of metastases
from the kidney, breast, lung, or other organs.
Although there is a standard accepted
approach to a potentially malignant thyroid
mass, specific management will depend on the
histology, extent of disease, age of the patient,
and other factors. Most important is the ex-
perience and judgement of the surgeon.

The protracted and generally favorable
course of well-differentiated thyroid cancer
complicates the evaluation of different treat-
ment methods. There are no long-term pros-
pective studies of the treatment of this disease.
The clinical management of well-differen-
tiated thyroid cancer rests on retrospective
~studies and individual clinical experience.

Classification

Thyroid cancer can be roughly divided into
four major categories of which well-differenti-
ated carcinomas (papillary and follicular malig-
nancies) constitute approximately 90%.
Papillary thyroid cancer is by far the most
common type of well-differentiated thyroid
malignancy. These tumors have an indolent
course and a cure rate well over 90%, even
when managed conservatively. They tend to

Table 5.1. Distribution of thyroid cancer by type

Well-differentiated thyroid cancer
Papillary
(includes Papillary—follicular carcinoma and
papillary variant of follicular carcinoma)

Follicular

(includes Hiirthle cell carcinoma)

Medullary 5%
Undifferentiated 5%

90%
75%

15%

metastasize to regional neck nodes and the
lungs. As in follicular cancer, they become
much more aggressive with advancing age of
the patient, increasing size, and penetration
beyond the thyroid capsule. The outlook is
worse in men.! Thyroid cancers arising in
patients with a history of previous radiother-
apy to the head and neck are almost always
papillary;? in these patients the disease has
essentially the same rate of local recurrence
and survival as in those in whom the disease
appears spontaneously.3-1

Pure follicular malignancies constitute a
separate group with a different pattern of be-
havior and a poorer prognosis; they character-
istically disseminate through the bloodstream
to lung, bone, and brain. They are not as com-
mon as the varieties of papillary cancer; their
number appears to be decreasing, paralleling
the decline in nodular goiter that occurred
after the widespread introduction of iodized
salt in the United States. The sex of the pa-
tient does not appear to affect survival.* Re-
gional lymph node metastases are much less
frequent than they are in papillary carcinoma.
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If enough sections are taken, the great
majority of papillary and follicular tumors will
prove to be mixed papillary—follicular cancers.
These behave like papillary carcinomas, offer-
ing a longer survival, with metastases to re-
gional lymph nodes rather than the systemic
dissemination found in follicular cancers. In
the past, follicular thyroid carcinomas were
overdiagnosed; on multiple sections and after
diligent search, a great many of these prove to
have papillary elements and are properly clas-
sified as mixed papillary—follicular cancers.
They behave as papillary cancers and share
their excellent prognosis.

In addition, in recent years the papillary
variant of follicular carcinoma has been sepa-
rated from true follicular cancer. These tumors
mimic the acinar structure of follicular carcino-
ma, but the cells retain the characteristic
vacuolated nuclei (“Orphan Annie cells”) of
papillary carcinoma. Most importantly, they
behave as papillary cancers and should be man-
aged in the same way. Perhaps 25% of pre-
viously reported follicular carcinomas are, in
fact, follicular variants of papillary cancer.>

Clinically, the subgroups of papillary carci-
noma of the thyroid have the same biological
behavior. Certain papillary cancers containing
“tall cells” are an exception; these are a more
aggressive, and fortunately, rare variant.®

Hiirthle cell tumors are a distinctive variant
of follicular neoplasms that have a serious
malignant potential. When malignant, they
are more aggressive than other follicular
carcinomas.”-8 As Hiirthle cell tumors become
larger than 2 cm in diameter, the incidence of
malignancy increases. The clinical course has
been difficult to predict on a histologic basis;
some authors suggest that all Hiirthle cell
tumors are potentially malignant.® Our patho-
logists, however, like most others, make a dis-
tinction between benign and malignant Hiirth-
le cell tumors that we have found to be largely
correct.” Total thyroidectomy is recommended
as initial treatment for malignant Hiirthle cell
tumors because of their aggressive behavior.

It is usually possible to cure well-differ-
entiated thyroid cancer. Surgery offers the
only practical method. Radiotherapy is rarely

useful for palliation; no drug is currently avail-
able for effective chemotherapy.

Significance of Microscopic

Disease
Although surgery is often curative, it is an illu-
sion to assume that success is directly related to
the removal of all microscopic disease. Predict-
ing the clinical behavior of well-differentiated
thyroid cancer on the logical assumption that
it will correspond to the extent of microscopic
cancer has not proved valid. The relevance of
microscopic malignancy to clinical cancer is dif-
ficult to evaluate. The concept that the high
incidence of occult neck node metastases
validates prophylactic neck dissection in papil-
lary cancer, has been replaced by the realiza-
tion that this procedure offers no increase in
survival.?

In a patient with papillary carcinoma, the in-
cidence of microscopic foci of carcinoma in the
lobe that is not clinically involved is 58 % when
serial sections are performed,!® and 30% on
routine examination.!! This high incidence of
occult carcinoma gave rise to clinical recur-
rence in the opposite lobe in only 4.2% of
164 patients who had a thyroid lobectomy for
papillary carcinoma that was confined to one
lobe of the gland, and who were followed for
14 years.1!

A similar contradiction is seen in the be-
havior of microscopic metastatic disease in the
jugular lymph nodes of the neck. Two reports
showed the presence of metastases in the neck
nodes of patients who had thyroid operations
for papillary cancer, and who, in the absence of
palpable neck nodes, were subjected to elec-
tive neck dissections. Metastases were present
in these nodes in 68.7% of 115 patients in one
of the reports!? and in 50% of 76 patients in
the other.® In spite of these statistics, the de-
velopment of clinical neck node metastases in
patients with papillary thyroid cancer who
have not had neck dissections is not common:
11 of 88 patients (12.5%) who did not have
initial neck dissections later developed neck
node metastases.” Other authors state that the
incidence is from 5% to 20%,'3 and report
that these patients are almost always salvaged
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by surgical treatment. It is no surprise that
surgeons have discarded the prophylactic neck
dissections that were previously routine in
well-differentiated thyroid cancer.

The differences in the behavior of these foci
of malignancy recognized over a long follow-up
period, is the source of most of the controversy
in the management of well-differentiated thy-
roid cancer. It is apparent that much of the
microscopic disease in lymph nodes of the
neck and in the thyroid gland does not pro-
gress to clinical cancer. The behavior of
well-differentiated thyroid cancer cannot be
extrapolated from the presence of microscopic
disease. It is well established that biologic fea-
tures such as the age of the patient, type,
grade, size and extent of the primary tumor,
and other unknown factors play prominent
roles in the prognosis. Surgery is a modifying,
but far from definitive influence on the course
of the disease.

Needle Biopsy

Fine needle biopsy has become a valuable
diagnostic tool in the evaluation of thyroid
tumors. It is a safe, highly accurate test that
can be performed as either an outpatient or an
office procedure. It is easy to carry out, can be
repeated if required, does not require local
anesthesia, and is inexpensive. It differentiates
between cystic and solid lesions immediately
and provides material for histologic and im-
munochemical study. Before the use of needle
biopsy, thyroid cancer was found at surgery in
14% of solitary thyroid nodules at the Mayo
Clinic; after the introduction of this test, the
incidence of cancer in a similar setting in-
creased to 29%.14

We perform fine needle biopsies using a 22-
gauge needle mounted on a 10-cc syringe. The
patient lies on his or her back, supported by a
pillow under the shoulders and with the neck
extended. The needle is inserted into the thy-
roid nodule and passed back and forth through
the mass while maintaining suction on the
syringe. Suction in the syringe is released
prior to the withdrawal of the needle from the
neck to prevent loss of cellular material from

the needle into the syringe. After removal,
the needle is detached from the syringe, the
syringe is filled with 2 to 3 cm? of air, the nee-
dle is replaced and the contents of the needle
and syringe are expelled with air onto a glass
slide. A second slide is placed over on the first
and the specimen spread between both. The
slides are separated and immediately treated
with spray fixative, prepared with a modified
Papanicolaou stain, and read. If fluid is
obtained it is mixed with an equal amount of
alcohol and centrifuged; the sediment is then
stained and examined.

Although fine needle biopsy is an invaluable
diagnostic tool, serious shortcomings must be
noted. The biopsy only samples a limited area;
it is possible to miss the lesion entirely. False
positive and false negative results are encoun-
tered. In 92 patients who were later surgically
explored, we found 3.3% of the reports to be
false positives and 6.5% to be false negatives.
The overall accuracy was 90.2% .1 Fine needle
biopsy cannot discriminate between the follicu-
lar cells of adenoma and follicular carcinoma.6
In this situation, surgical excision with ex-
amination of the architecture of the lesion is
required. Although fine needle biopsy is the
single most valuable diagnostic test available, it
is essential that clinical judgment prevail in the
decision whether or not to operate upon a thy-
roid mass. A negative biopsy does not rule
out malignancy.

Surgical Approach to the
Thyroid Nodule

Most thyroid operations are performed as
exploratory diagnostic procedures, although
clinical characteristics, a history of radiation
exposure, or a preoperative needle biopsy may
suggest a diagnosis of malignancy. Which is the
proper approach: biopsy of the lesion itself, re-
moval of the nodule, or excision of the entire
lobe or isthmus? It is almost always preferable
to remove the entire thyroid lobe or isthmus
than to perform an incisional biopsy because of
the difficulty in establishing a definitive diag-
nosis on frozen section and the hazards of re-
operating on a thyroid lobe. It is appalling
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to receive a final diagnosis of malignancy two
days after a frozen section has been reported
benign—a not unusual occurrence. Should the
final report indicate malignancy, the surgeon
who initially has performed only an incisional
biopsy or a partial lobectomy is faced with a
far more difficult operation that poses much
greater risk to the recurrent nerve and the
parathyroid glands. It is far better to remove
the entire lobe or isthmus, often obviating the
need for further surgery. If the opposite lobe
later requires removal, the surgeon will have a
virgin field to dissect and the best opportunity
to preserve the recurrent nerve and the para-
thyroid glands.

Limitations of Frozen Section

Papillary -or papillary—follicular carcinoma can
usually be recognized on frozen section be-
cause of its distinct structure. Even so, it is not
unusual to find small foci of papillary cancer
on later, final sections. It is the diagnosis of
follicular carcinoma, however, that presents
the most vexing problem. Most pathologists
require capsular or blood vessel invasion to be
present to justify a diagnosis of follicular malig-
nancy, although increased thickness of the
capsule has been recently proposed as a
criterion.1” These features are usually difficult
to establish on frozen section examination.
Even on paraffin section distinguishing be-
tween benign and malignant follicular lesions
can be trying. The surgeon often suspects the
existence of malignancy, but cannot prove this
during the operation. Removal of paratracheal
nodes may establish a diagnosis in well-
differentiated thyroid carcinoma, particularly
papillary cancer, if they are found to contain
metastases. These nodes are less frequently
involved in follicular cancer, but it is worth
the effort to remove them in order to make
a frozen section examination. If the para-
tracheal nodes do not contain metastases the
surgeon is often offered a diagnosis of “atypical
follicular adenoma, await permanent sec-
tions.” Unless there is nodularity in the oppo-
site lobe, no further procedure can be justified.
Total removal of the thyroid lobe, isthmus, and
pyramidal lobe will complete the surgical man-

agement on the ipsilateral side. This area need
not then be disturbed, even if the final report is
changed to malignancy and a later decision is
made to remove the opposite lobe.

Amount of Thyroid that should be
Removed for Thyroid Carcinoma

The ideal treatment for well-differentiated
thyroid cancer is total thyroidectomy. It re-
moves the entire primary tumor as well any
other foci of malignancy within the gland.

Were it not for the specter of hypoparathy-
roidism, total thyroidectomy would be the stan-
dard treatment for all thyroid carcinomas. The
risk of injury to the recurrent laryngeal nerve
in the hands of an experienced surgeon is 1%
or less. The real deterrent to the routine use of
total thyroidectomy is the 3% to 15% inci-
dence of permanent hypoparathyroidism. This
lifelong affliction requires continuous daily
medication and lifelong surveillance. In spite
of treatment, cataracts occur in 70% of
patients.!8.19 Fatigue, parasthesias and muscu-
lar irritability are continuing problems.

It is difficult to evaluate whether the com-
plete removal of the opposite thyroid lobe in
patients with well-differentiated cancer con-
fined to one thyroid lobe makes a significant
contribution to survival. In an update of his
original series, Tollefsen reported that 4.6%
of 216 patients who had thyroid lobectomies
for papillary carcinoma confined to one lobe
developed a recurrence in the opposite lobe.
These patients had been followed for at least 5
years (including the 164 original patients now
followed for at least 14 years). Half of these
patients were salvaged by further surgery. Of
the nine patients who expired, seven died of
metastatic disease and two with recurrent pap-
illary carcinoma succumbed to other causes.!!

In a series of 102 patients who had thyroid
lobectomies for well-differentiated thyroid can-
cer confined to one lobe and followed for over
15 years, we observed four patients who de-
veloped a recurrence in the opposite lobe (Fig
5.1). One patient was salvaged by further
surgery; three patients died of local recurrent
disease. Two of these had tumors involving the
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Figure 5.1. Incidence of recurrent clinical disease
in the opposite lobe of 102 patients with well-
differentiated thyroid cancer confined to one lobe,
treated by thyroid lobectomy and excision of the
isthmus and followed-up for more than 15 years.
Reprinted, by permission, from Friedman EW and
Schwartz AE. Well-differentiated thyroid cancer.
In: Current Therapy in Endocrinology 1983-1984.
Krieger DT and Bardin WD eds. Toronto: BC
Decker Publisher, 1983.

trachea that could not be completely resected
during. the original procedure. The other pa-
tient died of local recurrence of papillary carci-
noma in the opposite lobe, 11 years after the
original surgery. In this study the rate of re-
currence in the opposite lobe was 3.9%. Only
one death can be directly attributed to the fail-
ure to initially perform a total thyroidectomy.

Most patients who die of follicular cancer
succumb to distant metastatic tumor; 50% of
those with papillary carcinoma die of dissemi-
nated disease, mostly pulmonary.?° How much
of this is present at the time of original surgery
and can be affected by performing a total thy-
roidectomy has not been adequately evaluated.
Young reported that the mortality in follicular
carcinoma is greatly reduced by using a com-
bination of total thyroidectomy, radioactive
iodine, and thyroid hormone. However, he
notes that no mortality occurred in those pa-
tients who had no evidence of distant meta-
stases when originally seen.*

Excellent long-term survival (i.e., no deaths
in patients followed for 25 years) has been
achieved by excising the thyroid lobe and
isthmus in patients with papillary carcinoma
less than 1.5 cm confined to one lobe.?! In
a review of 576 patients published in 1977,
Mazzaferri reported decreased survival rates

for those patients who had undergone limited
resections, as compared with those who had
undergone total thyroidectomy for papillary
carcinoma of the thyroid gland.?2 In 1981, in a
10 year follow-up study of the same patients,
these findings were confirmed. It was noted,
however, that in the subgroup of patients with
primary tumors of less than 1.5 cm, there was
no improvement in the recurrence or survival
rates of those patients who had undergone
total thyroidectomy compared with those who
were given thyroid hormone, and had under-
gone a less extensive procedure.??> Further-
more, in this series the incidence of perma-
nent hypoparathyroidism for those patients
who had total thyroidectomies was 13.5%.22

As the size of the lesion increases, results of
treatment become less satisfactory. Despite
having an obvious theoretical advantage, the
routine use of total thyroidectomy for papillary
carcinoma confined to only one lobe of the
thyroid gland remains controversial. Although
some authors report increased survival rates
in patients treated by total thyroidectomy or
total thyroidectomy followed by radioactive
iodine,2425 others find no difference in those
patients managed by lobectomy and excision of
the isthmus or lobectomy and partial or near
total lobectomy on the opposite side.26-28

Multicentricity is not a prominent feature in
pure follicular carcinoma. Tollefsen?® reports a
rate of 13% and Harness, 16% .5 However, be-
cause of the increased aggressiveness of follicu-
lar cancer, and the greater risk of metastases to
lungs, bones, and brain; many authors, includ-
ing ourselves, advocate total thyroidectomy
followed by radioactive iodine ablation of the
remnant if the 24-hour uptake in the neck is
more than 1-1.5%.

Total thyroidectomy for well-differentiated
thyroid cancer reduces the risk of local recur-
rence in the gland itself. In addition, some
authors report that one added benefit is a di-
minished incidence of pulmonary metastases,
particularly in cases in which supplemental
radioactive iodine is given to eliminate all
residual thyroid tissue.?3-25 These advantages
must be balanced against the debilitating
effects of permanent hypoparathyroidism, re-
ported to be 12.8% in one series of total
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thyroidectomies,3 and 13.5% in another.22
Acceptance of total thyroidectomy depends on
the degree of risk; the incidence of permanent
hypoparathyroidism in total thyroidectomy
ranges from 2.8%3! to 32%.! Because there is
a greater understanding of the blood supply
of the parathyroid glands and the importance
of its preservation, the frequency of this
complication has decreased significantly.
Nonetheless, in spite of surgical expertise and
experience, the hazard of permanent hypo-
parathyroidism remains inherent in the per-
formance of the procedure. We recently re-
ported a series of 183 patients who had total
thyroidectomy: the incidence of permanent
hypoparathyroidism was 3.3% and permanent
nerve injury 0.55%.32 It is our experience
that although careful and consistent technique
has substantially reduced the risk of hypo-
parathyroidism, it still remains a sporadic
complication. No operative technique com-
pletely removes the danger.

We feel that when total thyroidectomy can
be performed with safety, it is a valuable addi-
tion to the management of papillary thyroid
cancer, particularly when the lesion is more
than 1.5 cm in diameter. We agree with most
authorities that total thyroidectomy followed
by radioactive iodine ablation of any remaining
thyroid tissue is the preferred treatment for fol-
licular thyroid carcinoma.

Technique of Thyroidectomy

The essence of thyroid surgery for malignancy
is the removal of the gland with preservation
of the recurrent laryngeal nerves, superior
laryngeal nerves, and the parathyroid glands.
The initial approach is a total lobectomy and
excision of the thyroid isthmus on the side of
the malignancy. In some cases this may be suf-
ficient.

We emphasize visualization of the recurrent
nerves and the parathyroid glands. With ex-
perience it becomes possible to demonstrate
the glands and conserve their blood supply.
Careful hemostasis is required so that the dis-
tinctive appearance of the parathyroid glands
will not be altered and the recurrent laryngeal
nerve be seen clearly.

The incision is placed transversely across the
anterior neck, at a level inferior to the cricoid
cartilage and above the sternal notch (Fig.
5.2). A higher location in the neck produces a
more pleasing appearance; a scar closer to the
sternum tends to spread. Elevating the incision
on the side of the thyroid mass allows the re-
dundant skin to settle downward evenly and re-
sults in a level scar. A more superiorly placed
incision also facilitates a cosmetic extension of
the wound laterally and upward should a neck
dissection be required (Fig. 5.3).

Good exposure is vital; it can usually be
obtained by separating the strap muscles in the
midline and retracting them laterally. Addi-
tional access can be provided by transecting the
medial portion of the sternohyoid muscle near
its insertion, or dividing the sternothyoid mus-
cle, completely or partially, at the upper pole
level (Fig. 5.4.). If required, there should be
no hesitation in transecting both strap muscles
transversely at their lower third; if they are
adherent to tumor, they are removed with the
thyroid gland. Direct extension of thyroid
malignancies into the strap muscles is not un-
usual.

After the thyroid gland has been exposed,
the middle thyroid vein is divided. This vessel
drains directly into the jugular vein; failure to
secure it can result in considerable hemor-
rhage, making it more difficult to visualize the
parathyroid glands and recurrent nerve. Once
the vein is severed and ligated, it is possible to
mobilize the thyroid lobe safely, often by blunt
dissection, to facilitate dissection of the supe-
rior pole vessels.

Division of the superior pole vessels is the
next objective. The increased mobility this
maneuver produces will make it possible to re-
tract the lobe medially and upward, enhancing
the exposure of the parathyroid glands and
their blood supply, as well as placing the recur-
rent nerve on a stretch, assisting in its iden-
tification and dissection.

The superior pole is mobilized by entering
the area between the superior pole vessels and
the cricothyroid muscle. By clearing this space,
the superior and recurrent laryngeal nerves,
close companions of the muscle, are avoided.

The superior laryngeal nerves are at risk
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Figure 5.2. Incision for thyroidectomy.

when the superior pole vessels are divided.
They are tensors of the vocal cords, enabling
the patient to sustain a higher pitch and en-
riching the quality of speech. After injury, the
diminished quality of the voice is noted quickly
by those who depend upon it: singers, lawyers,
and teachers. The nerve is best preserved by an
awareness of its presence, dividing and ligating
the superior pole vessels individually, as close
to the upper pole of the thyroid gland as possi-
ble. Sometimes the nerve can be seen and
avoided as it descends with the vessels, but
usually it is not visualized. Once the vessels are
transected, the thyroid lobe can be rotated
medially to look for the inferior thyroid artery

and recurrent laryngeal nerve. Dissection of
the upper pole is discontinued. This avoids
injury to the parathyroid gland, which, if not
already located, may be present posterior to
the superior pole vessels or behind Berry’s
ligament.

Identification of the lower parathyroid gland
and the recurrent nerve is the next endeavor.
The inferior thyroid artery is the guide to both;
usually it can be found at a right angle to the
common carotid artery entering the midpor-
tion of the thyroid lobe (discounting enlarge-
ments and distortions). The recurrent laryn-
geal nerve courses upward under the vessel
in 80% of the patients (it lies above in 20%)
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Figure 5.3. The standard thyroid incision has been
extended posteriorly and toward the mastoid pro-
cess to perform a neck dissection. The portion indi-

forming the hypotenuse of a triangle with the
carotid artery as the third leg (Fig. 5.5). The
nerve can usually be palpated by running a
finger transversely across the trachea just be-
low the inferior thyroid artery. Exploration of
the distal branches of this vessel will frequently
lead to the lower parathyroid gland. It is essen-
tial that the vessels to the gland be carefully
isolated and preserved (Fig. 5.6). If the para-
thyroid gland is located so far anteriorly that its
blood supply cannot be preserved, the gland
should be removed, minced into 1-mm frag-

cated by the dotted line can be added if increased
exposure is needed.

ments, and transplanted into the sternomastoid
muscle (Fig. 5.7). The location of the inferior
parathyroid gland is less consistent than the up-
per gland. Often it is at some distance from the
lobe and, at times, may not be found. In this
situation it is good judgment to divide the
inferior thyroid artery and its branches as
far medially as possible to preserve the blood
supply to the parathyroid gland.

Placing a scissors on top of the recurrent
nerve and spreading the blades develops a sur-
face that permits the nerve to be dissected
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Figure 5.4. The sternohyoid muscle has been di-
vided medially to provide greater access to the thy-
roid gland, particularly the upper pole. Transection
of the sternothyroid muscle, as diagrammed, will
further increase the exposure. In this patient, divi-

Figure 5.5. The classic position of the parathyroid
glands is diagrammed showing the lower gland
nourished by a separate branch of the inferior thy-
roid artery. The artery must be divided distal to this
branch to preserve the blood supply of the parathy-
roid gland. The recurrent laryngeal nerve is seen
coursing under the inferior thyroid artery. The up-

sion of the cricothyroid branch of the superior thy-
roid artery offers increased exposure to the space
between the cricothyroideus and the superior pole
of the thyroid. Reprinted, by permission, from
Schwartz AE, Friedman EW. 1987(32).

per parathyroid gland is located posteriorly on the
upper pole. Although it is also nourished by the in-
ferior thyroid artery, this may be less apparent dur-
ing the dissection; it may also receive some blood
supply from the superior thyroid artery. Reprinted,

by permission, from Schwartz AE, Friedman EW.
1987(32).
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Figure 5.6. The superior parathyroid gland is not
found in its classic position but in the areolar tissue
adjacent to Berrys’ ligament which has not yet been
divided. The gland is located only after division of
the upper pole vessels. A long segment of the in-
ferior thyroid artery must be preserved to maintain

Figure 5.7. The upper pole has been divided, the
inferior thyroid artery transected, and the recurrent
nerve has been dissected. The superior parathyroid
gland has been mobilized, displaced posteriorly, and
preserved. The inferior laryngeal artery will be di-
vided as close as possible to the thyroid lobe to avoid
injury to the recurrent nerve. The inferior parathy-

the arterial loop which returns backward to nourish
the inferior parathyroid gland. The preferred site for
division of the vessel is shown. An additional para-
thyroid gland present in the thymus will be pre-
served. Reprinted, by permission, from Schwartz
AE, Friedman EW. 1987(32).

roid gland is located too far from a branch of the in-
ferior thyroid artery to be preserved with its blood
supply. It will be necessary to remove the parathy-
roid gland and implant its fragments into the ster-
nomastoid muscle in order to preserve its function.
Reprinted, by permission, from Schwartz AE,
Friedman EW. 1987(32).
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cephalad to the point where it enters the larynx
just below the cricothyroid muscle. The nerve
is dissected by separating the tissues that are
superior to it, never by disturbing the under-
surface. In more than half the cases the nerve
splits, often into several strands. All must be
preserved. Retracting the thyroid lobe medial-
ly and upward straightens the nerve and its
branches, facilitating the dissection. If the
vocal cord functions preoperatively, every
effort is made to preserve the recurrent nerve;
if tumor is adherent to the nerve but can be
dissected away, the nerve is spared. Berry’s
ligament is then divided under direct vision,
taking care not to injure a parathyroid gland
which may be lurking beneath. The upper pa-
rathyroid gland has a more consistent location
than the lower, and can usually be identified
just posterior to the upper lobe of the thyroid
gland. It is easily preserved by gently mobiliz-
ing it posterior to the recurrent nerve.

After preservation of the parathyroid glands
and the recurrent nerve, the thyroid lobe is
readily removed from the trachea by sharp dis-
section. Excision of the pyramidal lobe and
thyroid isthmus is an important addition to
routine thyroid lobectomys; it clears the midline
structures and avoids future anterior nodules
that may be clinically confusing. Incomplete
removal of the pyramidal lobe is a common
cause of failure in total thyroidectomy, as
demonstrated by postoperative radioactive
scanning of the thyroid.

After removal of a thyroid lobe it is worth-
while to inspect the specimen for a parathyroid
gland that may have been inadvertently re-
moved. If it is sufficiently remote from tumor,
it should be transplanted.

Near-Total Thyroidectomy

We make the decision to embark on a total
thyroidectomy, if it is immediately indicated,
on the basis of the status of the parathyroid
glands on the side of the initial lobectomy. If
they are viable, the opposite lobe can be re-
moved with confidence. If not, it is safer to con-
sider a near-total lobectomy on the opposite
side, preserving a posterior rim of tissue to pro-
tect the parathyroid glands and the recurrent
nerve; the patient will be better off with a bit of

residual thyroid gland than with permanent
hypoparathyroidism.

Near-total lobectomy is performed by divid-
ing the middle thyroid vein and the superior
pole vessels, identifying the recurrent nerve in
the area of the lower pole of the thyroid lobe,
and placing traction on the lobe medially. The
lobe is then transected from its lateral aspect to
the trachea, leaving a posterior shell of tissue
that protects the parathyroid glands and their
blood supply and also shields the underlying
recurrent nerve. A small cautery loop is useful
to remove additional tissue from within the re-
maining thyroid capsule without risk to other
structures (Fig. 5.8). The capsule of the thyroid
is then imbricated into the tracheal fascia (Fig.
5.9). Ninety percent or more of the thyroid
lobe can be removed without difficulty by this
procedure.

The advantage of near-total lobectomy is
that the parathyroid glands and their blood
supply are undisturbed and their viability
assured. The disadvantage is that the surgeon
is unable to visualize the recurrent laryngeal
nerve as it completes its upper course without
dissecting the parathyroid glands and placing
their blood supply in jeopardy. The superior
portion of the thyroid lobe is divided without
seeing the recurrent nerve beneath. With ex-
perience, the nerve can be avoided; however,
the surgeon must forego the assurance and
confidence of working under direct vision.

Guidelines in the Surgical
Management of
Well-Differentiated
Thyroid Cancer

A determination of the amount of thyroid that
should be removed in well-differentiated thy-
roid cancer can not be made soley on the basis
of a formula. It is necessary to balance varying
and unresolved degrees of benefit that depend
on the age of the patient, extent of the tumor,
exact histology, and other features of the can-
cer, against the risk of permanent hypopar-
athyroidism and possible nerve injury in an in-
dividual patient. We increasingly favor total
thyroidectomy as we learn of adverse prog-
nostic factors in a particular case.

No other malignancy shows such a pro-
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Figures 5.8, 5.9. Near-total thyroidectomy. The su-
perior pole vessels have been divided and ligated.
The thyroid lobe is rotated medially and the lower
portion of the recurrent nerve is identified. The low-
er parathyroid gland can be seen in this patient
although it is not usually dissected. The recurrent
nerve is not visualized at its upper aspect nor is the
upper parathyroid gland exposed. These structures

nounced increase in mortality with advancing
age as does well-differentiated thyroid cancer.
We have never had a death in a patient whose
cancer presented below the age of 40; on the
contrary, we find that the mortality climbs
steeply as the presenting age of the patient ad-
vances (Fig. 5.10). In our experience this is the
most significant factor in the prognosis of well
differentiated thyroid cancer.

Tumors more than 1.5 cm in diameter, parti-
cularly those larger than 4 cm, have a more
serious outlook in terms of recurrence and
mortality for papillary! as well as follicular
cancer.33 Penetration beyond the thyroid cap-
sule and into extrathyroidal tissues, without re-
ference to tumor size, is an important prognos-
tic indicator of a decreased rate of survival .33

Other factors certainly play a part in the
prognosis of well-differentiated thyroid cancer;
but in the operating room, we find that the
type, size, and extent of the tumor, age of the

are shielded by preserving a posterior rim of thyroid
tissue as the thyroid lobe is transected from its later-
al to medial side in an oblique direction toward the
trachea. Additional thyroid tissue can then be re-
moved from within the capsule with a cautery loop,
which also facilitates the inversion of the capsule of
the thyroid into the tracheal fascia.

Figure 5.10. Age at onset of disease and at death in
150 patients with well differentiated thyroid cancer
followed for more than 15 years. Reprinted, by per-
mission from Friedman EW, Schwartz AE. Well-
differentiated thyroid cancer. In: Current Therapy
in Endocrinology 1983-1984. Krieger DT, Bardin
WD, eds. Toronto: B.C. Decker Publisher.
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patient, and history of exposure to radiation,
provide the most useful guidance in assessing
the outlook of the disease and determining the
extent of the procedure. Although a high histo-
logic grade is known to affect survival adverse-
ly, it has been difficuit to define tumor grade by
frozen section examination at our institution.

Our preferences in surgical management are

the following:

1.

Occult papillary carcinomas (less than 1.5
cm in diameter) confined to one lobe are
well managed by lobectomy and excision of
the thyroid isthmus in patients below 40
years of age. Subtotal lobectomy (to protect
the parathyroid glands) on the opposite side
is a valuable addition; if viable parathyroid
glands can be preserved on the ipsilateral
side, total thyroidectomy is undertaken,
particularly in patients over the age of 40.

Follicular carcinomas, even those that are
small, present a greater threat to the pa-
tient. Although we previously managed
small lesions by lobectomy, we now prefer
to perform a total thyroidectomy. A near-
total thyroid lobectomy is an acceptable,
and indeed prudent alternative, if it is re-
quired to salvage parathyroid glands on the
opposite side. Radioactive iodine ablation
of any remaining thyroid tissue is routine.

. Carcinoma in one thyroid lobe and nodular-

ity in the opposite lobe or isthmus requires
removal of the contralateral lobe by total
thyroidectomy if possible, or near-total
lobectomy if necessary to preserve the para-
thyroid glands.

All thyroid malignancies larger than 1.5 cm,
and those that penetrate the capsule (even
if they are smaller), require more than a
lobectomy and excision of the isthmus; a
subtotal lobectomy on the opposite side is
a reasonable choice if a total lobectomy
cannot be safely performed.

. The presence of carcinoma in one thyroid

lobe and a history of radiotherapy to the
head and neck mandate a total thyroidec-
tomy if possible, or a near-total lobectomy
on the opposite side if the parathyroid
glands are endangered.

. Hiirthle cell malignancies, because of their

increased aggressiveness, warrant special

management. Node metastases are more
frequent than in other follicular cancers.
Although the incidence of multicentricity
within the thyroid gland is the same as in
other follicular carcinomas (approximately
15%), Hiirthle cell cancer exhibits in-
creased biologic malignancy. These tumors
do not trap iodine and do not respond to
suppression by thyroid hormone; radio-
active iodine is therefore not effective in
diagnosing or treating recurrent disease.3*
Total thyroidectomy is the treatment of
choice. Neck node metastases are a more
significant clinical problem in Hiirthle cell
cancer; paratracheal and superior medias-
tinal node dissections are an essential part
of the initial surgical procedure. The jugular
area is inspected for lymph node metastases
at surgery; any that are suspicious are biop-
sied, but neck dissections are performed
only for clinical disease.

. Dissection of the paratracheal lymph nodes

on the side of the lesion and of the superior
mediastinal lymph nodes in the neck is a
part of our routine management in all thy-
roid cancers. If lateral jugular lymph nodes
are not involved by tumor, no neck dissec-
tion is performed. If jugular lymph node
metastases are demonstrated, a modified
neck dissection is undertaken by extending
the original transverse neck incision lateral-

ly and toward the mastoid process (Fig.
5.3).

. Radioactive iodine ablation of residual thy-

roid tissue following a total or near-total
thyroidectomy is a routine part of our man-
agement of well-differentiated thyroid can-
cer. This essentially eliminates any residual
thyroid tissue and converts the procedure to
a total thyroidectomy. It makes it possible
to monitor for recurrence of thyroid cancer
by following the level of serum thyroglo-
bulin or by means of radioactive iodine
scanning. Should the tumor recur or meta-
stasize, therapy with radioactive iodine be-
comes a practical treatment modality.

Because medullary thyroid cancer does not

concentrate radioactive iodine, it is not useful
in the postoperative management of this dis-
ease,
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Significance and Management of
Neck Node Metastases

Neck node metastases are usually present in
patients with papillary thyroid cancer, and in
most cases are occult. Frazell?® reported that
61.2% of patients with clinically negative neck
nodes had metastatic disease on pathologic
examination. Patients under 40 years of
age are more likely to present with palpable
neck nodes. The significance of these meta-
stases is controversial; many studies show no
adverse effect on prognosis.3¢-23 Palpable jug-
ular lymph node metastases are rarely life-
threatening; if they develop they can usually be
readily controlled by neck dissection. Because
only 7% to 15% of patients who present with
clinically negative necks develop lateral neck
metastases,3” the standard prophylactic radical
neck dissections of the past have given way to
close observation and modified neck dissection
for palpable disease, if it should appear. Often
this can be performed with preservation of the
sternomastoid muscle, spinal accessory nerve,
and jugular vein (Fig. 5.11). Once clinical
metastases have developed, limited nodal re-
sections (“berry picking”) are inadequate be-
cause of frequent recurrence. A block dissec-
tion is required.

The frequency of neck node metastases in
pure follicular thyroid cancer is considerably
lower than in papillary carcinoma: (13.4% is
reported by one author#) and the same princi-
ples of management apply. Hiirthle cell can-
cers, however, have a 50% incidence of neck
node involvement and a more aggressive be-
havior.> Prophylactic jugular neck node dis-
sections are not warranted, but the dissection
of the paratracheal and superior mediastinal
lymph nodes which we advocate in all thyr-
oidectomies for well differentiated thyroid can-
cer, assumes added importance.

Technique of Neck Dissection

With the realization that lateral neck node dis-
ease is not usually life-threatening, and that, if
it appears it can be treated at that time, various
modifications of neck dissection have been de-
veloped. The prophylactic removal of jugular

lymph nodes is no longer accepted in most
medical centers.

If a neck dissection is to be added to the
primary thyroid surgery, the initial transverse
incision is made slightly higher than the usual
thyroid incision and continued posteriorly and
upward toward the mastoid process. This offers
a cosmetic incision that provides excellent ex-
posure. If the neck dissection is performed as a
secondary procedure, we prefer a curved trans-
verse incision with a short descending limb
(Fig. 5.3).

In most neck dissections it is possible to pre-
serve the sternomastoid muscle and spinal
accessory nerve; this greatly enhances the
cosmetic and functional aspect of the surgery at
small cost to the overall effectiveness of the
procedure. If there are extensive metastases at
the base of the skull or upper jugular lymph
nodes, the need to preserve these structures
may limit access to this area. In this situation,
removing the sternomastoid muscle but pre-
serving the spinal accessory nerve offers excel-
lent exposure, a good cosmetic result, and no
loss of shoulder function. If the disease does
not infiltrate the jugular vein (and it usually
does not), it is possible to preserve this vessel.
We do not hesitate to remove the jugular vein
if it is involved by, or is adherent to tumor, as
its unilateral resection produces no ill effects.
We have discarded our previous practice of re-
secting the contents of the submaxillary trian-
gle because the area is rarely the site of clinical
metastases;3> this eliminates the risk of damage
to the mandibular ramus of the facial nerve.

The main sites of metastases to the neck
from well-differentiated thyroid carcinoma are
the lymph nodes that accompany the internal
jugular vein. The primary objective of neck
dissection is the excision of these lymph nodes
from the level of the subclavian vein upward to
the point at which the vessel enters the jugular
foramen at the base of the skull. The lymph
nodes adjacent to the spinal accessory nerve
are less frequently involved but properly
should be removed. The nodes overlying the
anterior and medial scalene muscles can also
be the site of metastases; therefore, this loca-
tion is cleared of its fatty and nodal tissue, tak-
ing care to preserve the phrenic nerve, which
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Figure 5.11. Modified neck dissection. The thyroid
lobe and strap muscles have been removed. The
jugular lymph nodes and accompanying fibrofatty
tissue are being dissected from the jugular vein and
carotid artery. The vessels will be preserved. The

travels caudad just beneath the fascia of the
anterior scalene muscle.

Paratracheal and superior mediastinal lymph
nodes are the most frequent sites of metastases
in well differentiated thyroid cancer. These are
properly dissected as a routine part of the ini-
tial thyroidectomy rather than being consid-
ered part of a neck dissection.

nodal and fibrofatty tissue associated with the spinal
accessory nerve are similarly excised, saving the
sternomastoid muscle and the spinal accessory
nerve.

Midline Recurrence and
Dissection

Although death from follicular thyroid cancer
is usually the result of metastases to the lungs,
bones, or brain, a common terminal event is
midline compartment recurrence. This results
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in the infiltration and obstruction of the air-
way, or invasion and rupture of the caro-
tid artery. In one study of 56 lethal cases of
papillary carcinoma, pulmonary metastases
accounted for 37% and local recurrence of
midline neck disease accounted for 36% of
deaths—an almost equal number.3° In all thy-
roid cancer, clearing the midline of thyroid tis-
sue and the resection of the paratracheal and
upper mediastinal neck nodes offers an effec-
tive means of preventing this catastrophe.

The disastrous consequences of midline re-
currence in thyroid cancer make it essential
that if the diagnosis is malignant at the time of
initial surgery, resection of the thyroid isthmus
and the pyramidal lobe and dissection of the
paratracheal and superior mediastinal nodes
become a routine part of the operative proce-
dure. This is the best opportunity to remove
these midline structures and to visualize and
preserve the recurrent laryngeal nerves and
parathyroid glands. A secondary operation to
remove recurrent disease in this area exposes
these structure to great risk and is rarely suc-
cessful. The recurrent laryngeal nerve is ex-
posed and the paratracheal tissues, including
the lymph nodes, are dissected free from it
under direct vision. The fatty and nodal tissue
in the upper mediastinal area is then cleared,
leaving a clean trachea. Although the micro-
scopic incidence of lymph node metastases is
high, particularly in papillary and medullary
cancer, the frequency of local recurrence is
minimal in cases in which gross disease does
not penetrate into adjacent tissues or into the
trachea.

Complications of Surgery

The mortality of thyroid surgery approximates
that of general anesthesia. This was reported to
be approximately 1.2 per 10,000 in 1982.38
Since then, the advent of two technologies that
are now in general use have produced a quan-
tum leap in safety: the pulse oximeter provides
a continuous record of the patient’s oxygen
saturation; mass spectrometry offers constant
monitoring of expired gases (particularly car-
bon dioxide) ensuring that the airway is intact.
The continuing assurance that during the entire

procedure the patient’s airway and oxygena-
tion is optimal removes the main risk of anes-
thesia in head and neck surgery.

Postoperative hemorrhage is life threaten-
ing. If the closed space in the anterior portion
of the neck becomes distended, respiratory
obstruction quickly follows. The patient must
be closely observed, preferably in a recovery
room. Dressings are kept simple so that the
underlying wound can be easily examined for
bleeding or distention of the neck (Fig 5.12).
Drains, even the suction variety, cannot be
relied upon to decompress the neck because
clotting is frequently associated with bleeding.
At the first sign of tracheal compression
the wound must immediately be opened at the
bedside to relieve the pressure; if possible, the
airway must be secured by reintubation or, if
necessary, tracheostomy. The patient is re-
turned to the operating room and explored.
Occasionally it is discovered that a tie has come
off a major vessel; but frequently no definite
bleeding site can be identified, and only a
generalized ooze is found. This will respond to
the removal of all clots, irrigation, and applica-
tion of a drain or light packing.

Recurrent nerve injury has greatly dimin-
ished since dissection and exposure of the
nerve has gained acceptance. In experienced
hands, nerve injury occurs in less than 2% of’
patients. If both nerves are divided, stridor
may develop and tracheostomy be required. It
is our practice and that of most surgeons not to
resect the recurrent nerve if it can be grossly
dissected free from tumor.

Hypoparathyroidism is not a threat when
only one thyroid lobe is resected because only
two parathyroid glands are at risk. Neverthe-
less, every effort is made to preserve the
glands, even going to the extent of transplant-
ing those that are nonviable. One never knows
if the opposite lobe may require removal in the
future. In total thyroidectomy, hypoparathy-
roidism is the major hazard. The decline in the
serum calcium level usually occurs within 24
hours postoperatively. Calcium replacement is
usually withheld unless paresthesias or tetany
develops, or if the calcium declines to 7.0 mg%
or lower. In this event, 1 g of calcium gluconate
(10 cm? of a 10% solution) is administered
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Figure 5.12. The center of a length of 2-in tape is
placed on the back of the neck; the ends are brought
forward and crossed over the thyroid dressing. Lift-

intravenously every 6 hours to maintain an
adequate serum calcium level while the re-
maining parathyroid glands recover. Usually
the glands reestablish function and the patient
can be weaned from medication. If the need
for supplemental calcium persists, oral calcium
carbonate (which contains the most elemental
calcium by weight) and a vitamin D supple-
ment such as dihydrotachysterol or calcitriol is
added. The amount is titrated to the need of
the patient; the minimum amount necessary to
prevent symptoms is prescribed.

ing the ends of the tape and removing the dressing
provides immediate access to the wound.

Infection can occur after thyroid surgery as it
can after any other operation, but it is rare be-
cause of the excellent blood supply to the head
and neck in general, and to the thyroid gland in
particular.

Management of Recurrent
Disease

The evaluation of symptoms and physical ex-
amination are the most useful tools in patient
follow-up. In those patients who have had total
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thyroidectomies or radioactive ablation of
thyroid remnants, monitoring of thyroglobulin
levels and sequential uptake scanning can de-
tect recurrence before it becomes evident clini-
cally. Interval chest x-rays are advisable to
monitor for pulmonary metastases.

The most commonly accepted adjunct in the
management of well-differentiated thyroid
cancer is suppression of thyroid stimulating
hormone by the administration of thyroid
hormone. As a prophylactic measure, and as
a therapeutic modality in recurrent disease,
we administer levothyroxine to all patients
with well differentiated thyroid malignancy.
We monitor the levels of thyroid-stimulating

hormone (TSH) and try to maintain a level

of 0.1 pU/ml or less. However, the usefulness
of this classic therapy is challenged by some
authors who find no increase in survival from
thyroid suppression.39-40

Following lobectomy for well-differentiated
thyroid cancer confined to one lobe of the thy-
roid gland, recurrence in the opposite lobe
occurs in less than 5% of patients.1! Surgical
resection of the involved lobe is the technique
of choice; salvage is achieved in 50% of these
patients.!!

Neck node metastases occur frequently in
papillary carcinoma and its variants, less often
in pure follicular cancer. Neck dissection is
almost always successful in controlling the local
disease. Survival has not decreased because
therapeutic dissections have essentially re-
placed those previously performed for pro-
phylaxis. Modifications of the standard neck
dissection that spare the accessory nerve, ster-
nomastoid muscle, and even the jugular vein

have proved to be cosmetically superior and

equally effective in maintaining survival rates.

Recurrent cancer in the local tissues of the
neck is a serious threat to life. When well-
differentiated thyroid carcinoma penetrates
beyond the thyroid capsule into adjacent soft
tissues, and when lymph node metastases ex-
tend beyond the nodes into adjoining fat and
muscle, hopes of controlling the disease
locally diminish and the prognosis becomes
ominous. These features often characterize
the disease in older patients. Wide excisions

are indicated, but are often limited by major
structures such as vertebrae, the brachial ple-
xus, carotid vessels, and the trachea. The ex-
tent to which resection is carried out in these
situations must be tempered by judgment.
Every effort is justified to maintain the airway;
procedures such as tracheal resection, hemi-
laryngectomy, or even total laryngectomy are
justified to accomplish this. Carotid resections
with reconstruction may also be considered.
Removal of large fungating neck recurrences
and resurfacing by myocutaneous flaps may be
required for palliation. The limited benefit
offered by radiotherapy and chemotherapy in
well-differentiated thyroid cancer should not

" exclude a trial of these modalities. In the late

stages of well-differentiated thyroid carcinoma,
particularly in older patients, a transition to
anaplastic forms sometimes develops. Para-
doxically, this may then offer an improved re-
sponse to chemotherapy and fractionated
radiotherapy.

Hematogenous dissemination to lung,
bones, or brain is a common feature in pure
follicular carcinoma and is the usual cause of
death. Although approximately 40% of deaths
from papillary thyroid cancer are due to local
recurrence, one third succumb to pulmonary
metastases,?? and others die from bone and
brain dissemination. This dissemination is
often present at the time of initial surgery.

Bone and brain metastases have a very
poor prognosis; however, pulmonary lesions
are compatible with a prolonged life span.
Although cure is rare, many lung lesions of fol-
licular and papillary cancer will concentrate
radioactive iodine; palliation may be achieved
for many years by this method. Beam radio-
therapy is usually more effective than radio-
active iodine in the treatment of bone metas-
tases but the result is short-lived.

Surgical Management of
Undifferentiated Thyroid
Carcinoma

Anaplastic thyroid cancer presents a bleak out-
look; it is usually extensive upon presentation
and is rarely suitable for curative surgery. In a
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recent review, the 5-year survival was 3.6%
and the median duration of life after diagnosis
was 4 months.#! It is felt by many authors that
anaplastic carcinoma develops from transfor-
mation of preexisting well-differentiated can-
cer since they are frequently found together; in
one series 89.2% of anaplastic cancers showed
areas of differentiated carcinoma*>—an incen-
tive for the early diagnosis and treatment of
well-differentiated carcinoma.

When the disease is extensive, surgery offers
no prospect of cure, but considerable palliative
benefit can be offered by surgery to clear mid-
line disease and provide an adequate airway;
this usually requires a tracheostomy. The re-
cent use of chemotherapy and hyperfraction-
ated radiotherapy offers the hope of restraining
the primary lesion so that the patient will not
succumb to local recurrence.*3 Sixty percent of
anaplastic cancers have hematogenous dissem-
ination.*?

When the lesion is confined to the thyroid
gland, total thyroidectomy with paratracheal
and superior mediastinal neck node dissection
is warranted to clear the midline structures,
prevent local recurrence, and provide a pos-
sible cure. The size of the primary tumor
appears to be the most important feature
determining the prognosis.#! Once regional
lymph nodes are involved, the prospects for a
cure are minimal.

Medullary Carcinoma

Medullary thyroid cancer may be a sporadic
occurrence or an inherited affliction. All the
hereditary forms are preceded by C cell hyper-
plasia; if the condition can be identified at this
stage, cure by total thyroidectomy can be ex-
pected. Medullary thyroid cancer and its prog-
enitor, C cell hyperplasia, are unique in that
they secrete thyrocalcitonin, a hormone that
can be readily identified in the blood stream
and accurately quantified. This not only pro-
vides an exquisitely sensitive method of di-
agnosing the tumor in its malignant and pre-
malignant form, but also enables the physician
to assay the persistence or recurrence of dis-
ease after surgery.

In sporadic medullary thyroid cancer, which
constitutes 80% of all cases, the disease is con-
fined to one lobe of the thyroid in four out of
five instances.#* Nevertheless, there are com-
pelling reasons for performing total thyroidec-
tomy. The familial form of the disease, in con-
trast to the sporadic form, is characterized by
multiple foci of malignant cells disseminated
throughout both thyroid lobes. It is never
possible to know with certainty whether the
“sporadic” case is really an index to a kindred
with familial disease. Total thyroidectomy re-
solves this dilemma and also makes it possible
to confirm the complete removal of disease by
serial sampling of calcitonin levels.

After total thyroidectomy, advisable in all
patients with medullary thyroid cancer and C
cell hyperplasia, attention must be directed to
the most frequent location of early metastatic
spread: the central compartment of the neck,
including the paratracheal and upper medias-
tinal lymph nodes. Prophylactic dissection of
these lymph nodes from the hyoid bone to the
innominate vessels should be routinely per-
formed at the time of initial total thyroidec-
tomy. In patients operated upon at the Mayo
Clinic it is reported that extrathyroidal tumor
was present in 64% of those with sporadic dis-
ease, 60% with MEN 2b, and 26% with MEN
2a.% Clark states that 25-75% of patients with
medullary thyroid carcinoma have metastases
to regional nodes at the time of the original
surgical procedure.¢ Involvement of these
nodes constitutes a serious threat to life be-
cause of the potential for invasion of the
trachea and carotid vessels; it is essential that
dissection of these lymph nodes be an integral
part of the initial surgical management.

Some authors advise routine lateral neck
dissection for any palpable medullary thyroid
carcinoma.4’” We prefer a more conservative
approach; jugular lymph nodes are inspected
at the initial exploration. Any that are found to
be suspicious are submitted for frozen section.
We perform lateral lymph node dissections
only for clinical disease, or if sampling of a
suspicious lymph node at surgery is reported
positive for metastases. If the lymph nodes are
minimally involved, we advocate a modified
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neck dissection sparing the spinal accessory
nerve and perhaps the sternomastoid muscle—
providing it does not impede an adequate dis-
section. When lateral neck node disease is sub-
stantial, we prefer a standard neck dissection.
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Thyroglobulin

ANDREW J. WERNER

Structure and Synthesis

Thyroglobulin, a large glycoprotein molecule
measuring 660,000 Kd!2 is a product unique to
the follicular cells of the thyroid gland. Be-
cause of its easy accessibility, it has been the
subject of numerous studies since its discovery
in 1899. Thyroglobulin functions as the loca-
tion of thyroid hormone synthesis and storage.
Thyroglobulin is formed in the endoplasmic re-
ticulum. Four iodoproteins with sedimentation
coefficients of 12§, 17S, 19S, and 27S have
been identified in vitro.? The 19S variety is the
“classic thyroglobulin.” Two 12S chains of ap-
proximately 330,000 Kd each initially are linked
by disulfide bonds; a carbohydrate moiety
joins later at the cell apex, forming non-
iodinated 17S thyroglobulin. As the tyrosyl
residues are iodinated, mature 19S classic, thy-
roglobulin is produced. The 27S protein
probably represents two highly iodinated 19S
fractions tightly linked together by disulfide
bonds.*

The oligosaccharide portion of the molecule,
roughly 10% by weight, contains sialic acid,
galactose, fucose, mannose, N-acetylgluco-
samine and N-acetylgalactosamine.’ Sulfate is
also part of the carbohydrate moiety; recently
it has been noted that there is differential in-
corporation of sulfate into the thyroglobulin
produced by human thyroid neoplasms.® It has
been suggested that the structural differences
in the thyroglobulin of thyroid cancer and
Graves’ disease patients may lead to altered
immunoreactivity.”

86

The thyroglobulin molecule is stable in the
pH range of 5 to 11. In a high alkaline environ-
ment, the structure unfolds. causing alteration
in iodination. In vitro, low temperature (2°C)
causes the formation of 14S and 17S segments.
At 25°C, the prevalent type observed is the 195
molecule.8-13 Of all the thyroid moieties found
in thyroglobulin, only 10 to 15% are iodinated;
that is, capable of hormone production.14.15 In
vitro, in the presence of excess iodine, 30% of
the tyrosyl residues remain deiodinated.'® Of
the 110 tyrosyl residues within a thyroglobulin
molecule, only four to eight molecules of thy-
roid hormone will be formed. Of these, approx-
imately 75% will be thyroxine (T,) and 25%
triiodothyronine (T3), depending upon the
availability of iodine.!”

Thyroid Hormone Formation

After trapping of iodide, iodination takes place
at the apex of the follicular cell (Fig. 6.1). This
reaction requires the presence of the enzyme
peroxidase, the formation of which is stimu-
lated by thyrotropin (TSH). Monoiodotyrosine
(MIT) and diiodotyrosine (DIT) are formed by
adding an active iodine to the peptidyl tyrosine
molecule at the 3 and 5 positions respectively.
DIT is formed preferentially in iodide excess
states, while MIT predominates with iodide
deprivation. This effect also occurs in the syn-
thesis of 3,5,3’,5’ tetraiodothyronine (thyro-
xine, T,) and 3,5,3' triiodothyronine (T3) by
the coupling reaction. In these cases, two units
of DIT, or one of DIT and MIT are each
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Figure 6.1. Diagrammatic scheme of thyroid hormone secretion.

united to form the- active hormones. T, and
thyroglobulin synthesis, like the coupling re-
action itself, cannot take place without the per-
oxidase enzyme and peroxide, both under the
positive influence of TSH.18

The newly formed thyroglobulin containing
T4, T3, MIT, DIT, and dehydroalanine res-
idues, is expelled by exocytosis into the space
between the follicular cells and is stored in the
form of colloid. Under TSH stimulation, en-
docytosis of the colloid occurs. Thyroglobulin-
containing iodoproteins reenter the cell as
droplets that are taken up by lysosomes,
forming phagosomes. Near the base of the cell,
several enzymes break down the thyroglobu-
lin and liberate T and T4, which enter the cir-
culation. Some MIT, DIT, and thyroglobulin
are also released and can be measured in the
blood. While T; and reverse T3 can be found in
thyroglobulin, 80% of the former and nearly
100% of the latter are produced by the

peripheral monodeiodination of T, (Fig. 6.2).
The extreme efficiency of the thyroid gland in
utilizing iodide is dependent upon the in-
trathyroidal dehalogenase enzymes that are
present in follicular cells. After the enzymatic
breakdown of thyroglobulin, these insure the
liberation of iodine from iodotyrosines to be
reused in new hormone synthesis.

Genetic Abnormalities in the
Formation of Thyroglobulin

Due to the complexity of the thyroglobulin
molecule, which predisposes to the formation
of abnormal protein sequences, it has long
been postulated that defects in its synthesis
may have a genetic basis.!® Depending upon
the degree of the defect, hypothyroidism or
goiter, or both may occur. Theoretically,
abnormalities in peroxidase and in the coupling
reaction belong to this group of thyroid
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Figure 6.2. The chemical structures of the principal thyroid hormones and related compounds.

dyshormonogenesis.?0-2! Families with thyro-
globulin synthesis defects have been iden-
tified.22-24 The clinical characteristics ascribed
to these defects are mental retardation and
goiter associated with euthyroidism or hypo-
thyroidism. Iodoproteins with a sedimentation
constant of 4S, or abnormal 19S subunits, were
found in these cases.?* At least five different
types of defects in thyroglobulin formation
have been noted.?5-27 No increase in the inci-
dence of thyroid malignancies was found in
these kindreds. In rare cases. thyroglobulin is
not produced at all.2® In such patients, iodine
is bound to albumin, forming iodoalbumin,
which can be found in the gland and in the cir-
culation. MIT and DIT are detected in the
blood and urine of these patients. Antithyro-
globulin antibodies are not produced.?®

Physiology

It has been postulated, mostly on the basis of
animal studies, that thyroglobulin enters the
circulation from intrathyroidal and perithy-
roidal lymphatic channels.3? No diurnal varia-

tions in thyroglobulin levels have been found.
Thyroglobulin’s mean half-life is 29.6 =2.8
hours.3! The site of thyroglobulin disposal
is in the liver. TRH and TSH stimula-
tion cause temporary elevation in thyroglobu-
lin levels. Thyroglobulin levels may also be
elevated after percutaneous needle biopsy,
though not after vigorous palpation of the
gland.32

Thyroglobulin levels are elevated during
pregnancy, possibly from an effect of human
chorionic gonadotropin (HCG).33 In the new-
born, the formation of thyroglobulin is depen-
dent upon the availability of iodine34; it is
assumed that thyroglobulin does not cross the
placenta.3536 In the neonate, levels remain
elevated for 2 to 3 months and return to the
normal range by the end of the first year.3” In
women, thyroglobulin undergoes age-related
changes.3® It is generally agreed that females
have somewhat higher thyroglobulin levels
than males. Estrogens cause an elevation of
thyroglobulin. There is a slight increase in
thyroglobulin toward the second half of the
menstrual cycle. In addition, it has been
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found that smokers have an elevated level
of thyroglobulin,3 and that fasting causes a
decrease in normal subjects as an adaptive
mechanism.40

In pathologic states such as Graves’ disease,
Hashimoto’s thyroiditis, thyroid adenomas,
well-differentiated thyroid carcinomas, and
multinodular goiter; thyroglobulin levels may
be elevated.*! In subacute thyroiditis, especial-
ly in its early stages, thyroglobulin levels can be
high. After treatment with radioactive iodine,
thyroglobulin is liberated and levels in the
blood may be quite elevated.*2

Thyroglobulin may also be found in the
saliva43-44 pleural fluid of patients with meta-
static carcinoma, and may be of diagnostic im-
portance.45 In such cases, thyroglobulin levels
can be markedly elevated, that is, over 1000
ng/ml.*6 By showing an increased thyroglobu-
lin level, one study purported to show that
measuring thyroglobulin in patients with child-
hood neck radiation who later developed
thyroid nodules was of prognostic value.46:47
High thyroglobulin levels, over 40 ng/ml, were
found in subjects with metastatic disease with
unknown primary sites that later proved to be
of thyroid origin.48:4°

Measurement of Thyroglobulin

The measurement of circulating thyroglobulin
in the blood by radioimmunoassay dates back
to the late 1960s.30 Prior to this, other relative-
ly inaccurate methods such as hemagglutina-
tion inhibition and electrophoretic immuno-
retention were used.5%-5! The normal range is
quite variable, even among the best laborato-
ries, but in general is between 0 to 30 ng/ml. As
many as 6% to 26% of normal controls re-
vealed no detectable thyroglobulin using these
assays.52-53 This phenomenon may be ex-
plained either by assay insensitivity or by
molecular variability of the intact native
molecule.” In patients where antithyroglobulin
antibodies are present, the test may be invalid.
Antithyroglobulin antibody titers, must there-
fore be determined prior to thyroglobulin
measurements in order to assure reliability.
Most radioimmunoassays used today employ
a double antibody technique. Newer assays

with immunoradiometry (IRMA), or immuno-
enzymometry (IEMA) are much more sensi-
tive, detecting levels as low as 1 to 2 ng/ml.>*
These assays may be less affected by anti-
thyroglobulin antibody.>> Some authorities be-
lieve that regardless of the presence of circulat-
ing antithyroglobulin antibodies, thyroglobulin
is of value in detecting recurrent thyroid
carcinoma>? (Fig. 6.3). There is no good cor-
relation between the titer of antithyroglobulin
antibodies and its interference with thyroglo-
bulin assay.5* Thyroglobulin antibodies have
been found in 8% to 22% of patients following
surgery for differentiated thyroid carcinoma.>¢
Monoclonal antibodies against thyroglobulin
that differentiate between the products of nor-
mal or neoplastic follicular cells may be the
definitive diagnostic tool of the future.>’

Clinical studies utilizing thyroglobulin radio-
immunoassay have firmly established its im-
portance in the postsurgical management of
thyroid carcinoma. Controversy still exists,
however, regarding the absolute sensitivity of
thyroglobulin levels as compared with various
imaging techniques and as to the proper pro-
tocol to employ in order to maximize sensi-
tivity.

In 1975, Van Herle et al. reported that ele-
vated serum thyroglobulin was a useful marker
for metastatic thyroid carcinoma.5® Subse-
quently, the diagnostic sensitivity of elevated
thyroglobulin was found to compare favorably
with that of 1311 body scanning, even under
suppression with thyroxine.’ In a comparison
of thyroglobulin levels and 13!1 body scans in
patients with well-differentiated thyroid car-
cinoma, thyroglobulin measurements were
found to have a specificity of 95% for the dec-
tion of recurrence in patients with total thy-
roidectomy, whereas in patients with subtotal
thyroidectomy, 75% sensitivity and 57% spe-
cificity were noted.>4

Collacio et al.?® found concordance between
2 mCi 1311 thyroid scans and thyroglobulin
levels in 28 patients with recurrent carcinoma
(Table 6.1). Six patients had positive thyroglo-
bulins with negative scans, while three patients
had negative thyroglobulins and positive scans.
Of the 37 patients with elevated thyroglobulin
levels when they were not receiving thyroid
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thyroglobulin antibodies. Reprinted, by permission
from Black et al. 1981(53).

Figure 6.3. Thyroglobulin in patients with or with-
out cancer in the presence or absence of anti-

Table 6.1. Patients with recurrent thyroid cancer: Total body scand (TBS) versus serum thyroglobulin (Tg)

Positive TBC Negative TBS* Positive TBS Negative TBS
Positive Tg* Positive Tg Negative Tg Negative Tg
28 6 3 0

*Serum thyroglobulin = 15 ng/ml.
"No uptake at 48 hours after 2 mCu 1311,

Reprinted, by permission, from Colacchio, TA et al. 1982(60).

replacement, 5 had levels that became nor-
mal when thyroxine suppression was resumed
(Table 6.2). Collacio et al. recommend that an
initial scan and thyroglobulin level be done
while the patient is off medication. If both tests
are negative, then thyroglobulin on suppres-
sion is felt to be adequate follow-up, although
periodic discontinuation of suppression and
remeasurement was suggested for “young
patients at high risk of recurrence.”

Pacini®! noted an incidence of 11/55 “false

Table 6.2. Serum thyroglobulin levels in patients
with documented recurrence

On thyroid replacement Off thyroid replacement™

Undetectable
=15 ng/ml

3 pts
34 pts?

Undetectable
=15 ng/ml

8 pts
29 pts

*TSH equals 26 to 122 pU/ml.

*Twenty-four of these patients had a two- to tenfold in-
crease in Tg.

Reprinted, by permission, from Colacchio, TA et al.
1982(60).
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Figure 6.4. Serum hTg concentrations (log scale)
and results of scanning in patients with differenti-
ated thyroid carcinoma after surgical thyroidectomy
and 13T ablation of residue thyroid issue. In the first
column (®) indicates patients with no metastatic
thyroid tissue, (0) indicates patients with detectable
non-functioning metastases. For each group the
mean hTg concentration is indicated ( for solid
circles. —— for open circles). The broken horizon-
tal line represents the upper limit of the normal
range. ND = not detectable. Reprinted, by permis-
sion, from Pacini F, Pinchera A, Giani C, et al.
1980(61).

negative” scans of patients with demonstra-
ble thyroglobulin (Fig. 6.4), while Miiller-
Girtner%? found normal thyroglobulin levels in
7 of 321 patients off suppression who were
noted to have metastases on high resolution
sonography. These patients tended to have
very small lesions without palpable adeno-
pathy. Of 30 patients with “certified” metas-
tases and elevated thyroglobulin levels while
they were off suppressive therapy, 9 of 22 sup-
pressed their thyroglobulin levels into the nor-
mal range when thyroxine was resumed. These
patients had papillary carcinoma; subjects with
follicular carcinoma did not exhibit the phe-
nomenon of suppression of thyroglobulin
levels while they were on thyroxine.

It has been suggested that thyroglobulin
levels correlate with the extent of metastases,
the bulk of tissue, or the number of functioning
thyroglobulin-producing cells. Schneider et

Serum thyroglobulin concentration and 'l

whole body scan

al.%3 found no correlation between thyro-
globulin level and quantitative 48-hour neck
uptake of 131 (Fig. 6.5). Thyroglobulin levels
above ten were found in 54 patients, 22 with
definite metastases with strongly positive neck
scans. Eight patients had proven metastases,
negative scans, and thyroglobulin levels great-
er than 10 ng/ml, suggesting that thyroglobulin
was a more sensitive test than scanning (Table
6.3). In contrast, Grant et al.®* noted that thy-
roglobulin levels were undetectable in 17
patients with uptake on scan, either on or off
thyroxine. Twelve of the metastases were in
the thyroid bed. Five further patients had posi-
tive scans, and negative thyroglobulin on sup-
pression, but detectable levels of thyroglobulin
when thyroxine was withdrawn. In 7 patients,
testing positive for thyroglobulin preceded
testing positive on a thyroid scan (Table 6.4).
In Schneider’s 1981 study, thyroglobulin
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Figure 6.5. Serum TG measurements obtained
simultaneously with thyroid scans and 48-h cervical
uptake measurements in 44 patients with thyroid
cancer. The scans were classified as described in
Materials and Methods, and the positive category
(thyroid remnant) was subdivided according to the
48-h cervical uptake. There were 106 sets of
measurements (with antithyroglobulin antibody-
positive subjects excluded) divided into the follow-

ing categories: 28 negative, 21 positive up to 0.7%
retention, 18 positive with more than 0.7% reten-
tion, 17 possible metastases, and 22 metastases. O
and ®, Values obtained after previous 13!I therapy.
O and ®, Values obtained before any 13!I therapy. @
and ®, A 48-h uptake of more than 0.7%. Re-
printed, by permission, from Schneider, AB et al.

1981(63). Copyright by The Endocrine Society,
1981.

Figure 6.6. Sequential changes in serum TSH and
TG concentrations after cessation of T; therapy. T
therapy was stopped on day 0. Radioiodine scans
were performed on the days indicated by the vertical
arrows. The 48-h cervical uptakes (or pulmonary
uptake in panel 3 are shown above the arrows. The
patients in panels 5 and 6 resumed T, therapy im-
mediately after and 4 days after their scans, respec-
tively. The scans showed cervical metastases for pa-

=
tients 1, 2, and 4, pulmonary metastases for patient
3, residual thyroid tissue for patient 5, and no areas
of isotope accumulation for patient 6. All patients
had had a total thyroidectomy, except patient 5,
who had a lobectomy. Patients 3-6 also who had a
lobectomy. Patients 3—6 also had prior 131I therapy
(58 to >800 mCi). Reprinted, by permission, from
Schneider, AB et al. 1981 (63). Copyright by The
Endocrine Society, 1981.
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Table 6.3. Patients with negative or weakly positive
scans and serum TG levels above 10 ng/ml

Table 6.4. Comparison of serum Tg and 13
radioiodine scans

131]
TG therapy
(ng/ml)= (mCi)? Comment
43 1100 Previous pulmonary metastases
172,28 75 Intraglandular invasive follicular
tumor; later positive scan
224,214 155 Incompletely removed tumor in-
vading trachea; older patient
27,43 710 Incompletely removed tumor sur-
rounding recurrent laryngeal
nerve
20 220 Tumor with extensive intrag-
landular and lymphatic spread
29 57
10.4 295 Invasive tumor with bilateral
Iymph node involvement
27 None

“Measured at least 2 weeks after stopping T; therapy.
bTotal of administered 311 doses.

Reprinted, by permission, from Schneider, AB et al.
1981(63). Copyright by The Endocrine Society, 1981.

Serum thyroglobulin
<5 ugl =5 pg/l
131] scan 167 26

-ve A 17 B 10
+ve

A

Lung metastases 2

Mediastinal metastases 3

Thyroid bed 12

B:

Lung metastases 3

Thyroid bed* 7

*There had biopsy proof of local recurrence (esophagus,
trachea, lymph nodes).
Reprinted, by permission, from Grant, S et al. 1984(64).
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Figure 6.7. Comparison of serum TG measured at 2
and 4 weeks after stopping T5 ®. Subjects with anti-
thyroglobulin antibody levels, through this pre-
cluded accurate measurement of TG, the antibody
levels did not change appreciably between 2 and 4

levels were greater than 10 in 5 of 28 patients
with negative scans, but less than 2 in 13 of 32
patients with positive scans. While on suppres-
sion, 14 of 15 patients had thyroglobulin levels
of less than 10. However, after two weeks off
triiodothyronine, elevated thyroglobulin levels
occurred in all 5 patients with obvious metas-
tases (Fig. 6.6). Four subjects with residual
uptake and 2 of 6 patients with no uptake
continued to have normal thyroglobulin levels.
No significant difference in thyroglobulin levels
occurred between the second two and fourth
weeks off triiodothyronine (Fig. 6.7). They
advised that thyroglobulin on replacement is
not a sensitive test, and that the combination of
131] scan and thyroglobulin measurement is
“superior to either one alone.”

weeks. Positive indier thyroid remnant. The four
scans showing possible metastases I uptake above
the thyroid bed in the midline. Reprinted, by per-
mission, from Schneider, AB et al, 1981(63). Copy-
right by The Endocrine Society, 1981.

Black et al.55 followed-up 416 patients for 7
years after thyroidectomy and 31 ablation on
thyroid suppression. Initially, 295 patients had
thyroglobulin levels of less than 5; of these,
only 1.7% revealed evidence of disease after 7
years. Of 121 patients with an initial thyroglo-
bulin greater than five, 19 had no sign of dis-
ease at the onset of the study; however, 8 of
these 19 later developed an overt recurrence.
They noted that the concordance of thyro-
globulin levels in the presence of disease im-
proved if they were measured while the patient
was on thyroid suppression, which presumably
suppressed physiologic but not pathologic thy-
roglobulin production (Table 6.5).

Pacini et al.% reported that 17 patients had
elevated thyroglobulin levels and negative 5
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Table 6.5. Serum thyroglobulin analysis
Initial evaluation Latest evaluation
Cancer Cancer Cancer Cancer
absent present absent present
Serum Tg
<Spgl Patients () 288 7 298 7
% 97.6 2.4 97.7 2.3
>5ug/l Patients (n) 19 102 10 101
% 15.7 84.3 9.0 91.0
Concordance 93.8% 95.9%
Reprinted, by permission from Black, EG et al. 1987(65).
Table 6.6. Metastatic Disease Discovered after Therapeutic 113
First study Second study*
Patient Tg S5mCi 3] Postdose Tg 5 mCi 131] Postdose
no. ng/ml  WBS mCi WBS ng/ml WBS mCi WBS
1 15 Neg 80  Residue Neg
2 21 Neg 100  Negative 26 Neg
Lung
3 46 Neg 100  Mediastinal nodes 50(22)t Lung* 100  Lung
4 153 Neg 90 Lung 84 Neg 100  Negative
5 443 Neg 127 Lung 104 (35) Neg 100  Negative
6 78 Neg 75 Lung
Mediastinal nodes
7 412 Neg 100  Lung + nodes
8 53 Neg 100  Residue 51 Neg
9 61 Neg 111  Mediastinal nodes 48 (28) Neg
10 976 Neg 137  Residue, lung, 425 Neg
nodes
11 240 Neg 127  Residue 390 Residue 100 Lung
Mediastinal nodes Mediastinal nodes
12 131 Neg 92  Residue 125 Mediastinalnodes 120  Mediastinal nodes
Mediastinal nodes
13 22 Neg 95  Residue
Mediastinal nodes
14 60 Neg 127  Residue 52 Neg
15 51 Neg 140  Lung
16 120 Neg 80 Lung 80 (10) Neg 134 Lung
17 72 Neg 112 Lung

*Second study was performed 8-12 mo after the first study and treatment.
*(n): Number in parenthesis refers to the result of serum Tg for patients who had a third study, 8-12 mo after the second

study.

Reprinted, by permission, from Pacini, F et al. 1987(66). Copyright by the Society of Nuclear Medicine, 1987.

mCi 131 scans; after giving 100 mCi 1311 ther-
apy doses, uptake was demonstrated in neck
residual (7 patients), lung, (9 patients), and
mediastinal nodes (8 patients), again illustrat-
ing the sensitivity of the thyroglobulin assay
(Table 6.6).

It has been suggested that, in the presence of
residual normal thyroid, the measurement of
thyroglobulin does not discriminate between
patients with and without metastatic disease.5”
Recently however, Harvey et al.%8 noted that
even in the presence of a residual lobe, a thy-
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Figure 6.8. Distribution of serum thyroglobulin in
all samples according to type of surgery. ® presence
and O absence of known recurred tumour. Re-

roglobulin level of less than 10 while on sup-
pression “confirms the absence of otherwise
known tumor in 100% of cases,”®® whereas a
thyroglobulin level of greater than 10 was di-
agnostic of recurrence in 92% of 243 samples
from 84 patients. In patients without known
recurrence, the median serum thyroglobulin
level was higher in samples from patients
treated by lobectomy compared with those
treated with total thyroidectomy; however the
overall pattern of distribution was similar
since there were unexplained high levels in
both groups (Fig. 6.8). Forty-seven samples
yielded thyroglobulin levels greater than 10
ng/ml with no known recurrence resulting in a
“false positive” rate of 66% in lobectomized
patients compared with a false positive rate of
46% for patients who underwent total thy-
roidectomy. The author states that in the
presence of adequate suppression of TSH, an
apparently isolated instance of an elevated thy-
roglobulin level, especially a rising titer, war-
rants discontinuation of suppression, 1311 abla-

printed, by permission, from Harvey, RD et al.
1990(68).

tion of the thyroid remnant, and subsequent
rescanning to search for occult metastases.
In light of the preference of some surgeons
to perform conservative therapy (see Chapter
5), this approach appears to be reasonable.
Using sensitive thyroglobulin assays, there-
fore, may help to formulate a rational ap-
proach to the management of thyroid cancer.
If a total thyroidectomy or partial thyroidect-
omy and 13! ablation is performed, a thyro-
globulin level and an 13! scan (2 or 5 mCi)
while the patient is off medication can be done
postoperatively. If both of these are negative
then, following Collaccio’s suggestion, it seems
reasonable to periodically reassess thyroglobu-
lin levels while the patient is on thyroxine sup-
pression. If the level is above ten, and particu-
larly if it is rising, a repeat scan should be done.
In the absence of a rising thyroglobulin level,
many still recommend rescanning with 1311 at
an appropriate interval, perhaps every five
years, in young patients with low risk. If the
thyroglobulin level is elevated and no focus can
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be found on scan, then high dose 311 may be
given with either 100 to 150 mCi of 1311 for both
scanning and therapeutic purposes.

If a lobectomy and isthmectomy is selected,

then thyroxine suppression can be continued; if
the thyroglobulin level is greater than 10 and/
or rising, radioiodine ablation and subsequent
reevaluation are advised.
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Radioactive Iodine Treatment of
Thyroid Carcinoma

ROBERT LLOYD SEGAL

Introduction

The fact that certain thyroid cancers and their metastases
can concentrate iodine and produce biologically effective
hormonal products has been known since the classical
observation of Von Eiselberg, 1894, who saw the develop-
ment of myxedema following the radical excision of a cer-
vical thyroid cancer and observed spontaneous cure of the
hypothyroid state by a metastatic deposit developed in the
sternum.!

Malignancies derived from the thyroid gland
show a unique ability to concentrate iodine and
to form thyroid hormone and its precursors.
This physiological fact enabled early investiga-
tors to show that localization of radioactive
iodine occurred in the metastatic deposits of
thyroid tumors.!

This capability of some thyroid-derived
malignant cells to concentrate iodine is the
basis for the diagnostic and therapeutic use of
radioactive iodine. Radioactive iodine is util-
ized diagnostically to determine the location,
size, and anatomical limits of thyroid cancer
metastases or recurrences. It is used ther-
apeutically for the treatment of differentiated
thyroid cancer after primary treatment with
surgery.

Therapy with radioactive iodine is the treat-
ment of choice for functioning metastatic or re-
current differentiated thyroid cancer.? 131 has
distinct advantages over external radiation for
the treatment of differentiated thyroid cancer
because: (1) the use of 1311 in the treatment of
metastases or recurrent tumor irradiates the
lesion from the inside out, with relative selec-
tivity; (2) assuming a halflife of 4 days, an up-
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take of 1.0% of the therapy dose of '3I pro-
duces 15,000 rads/mCi; and (3) the ionization
produced by the 609 kV beta particles (10 rads
sec/gm) may be greater than from conventional
x-ray therapy and is confined to a smaller area
because the beta radiation penetrates only a
few millimeters into tissue.l-3

There has been a gradual evolution in the
evaluation and use of radioactive iodine ther-
apy in the treatment of differentiated thyroid
cancer. This change is perhaps best docu-
mented by contrasting the relatively gloomy
outlook of Silver, who in 1962 stated, “We
doubt that the treatment is ever really cura-
tive,”! with Maxon and Smith’s concluding
statement: “Radioactive iodine continues to be
one of the safest and most effective methods
of diagnosis and treating metastatic well-
differentiated thyroid cancer.”?

Evaluation of the efficacy of radioactive
iodine therapy for thyroid cancers is difficult
because of the unique natural history of these
neoplasms. There may be a long latent period
between any initial surgical therapy and the
occurrence of either metastases or recurrence
of the cancer. There may also be marked varia-
tions in the biologic activity of these tumors,
even among those with similar histology. In
addition, radiosensitivity of tumor tissue is not
predictable.?-7

It is necessary that the groups of patients
evaluated have undergone similar therapies.
Differing conclusions as to the efficacy of radio-
active iodine therapy may be due in part to the
heterogeneity of the patients studied. For in-
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Table 7.1. Rationale for the use of radioactive
iodine 13! in the therapy of differentiated thyroid
cancer

Curative

To routinely ablate residual thyroid tissue in order to de-
tect later residual, recurrent, or metastatic disease by
means of scanning and/or thyroglobulin determination.

To ablate and “cure” distant metastases present at time of
diagnosis following total thyroidectomy sites include:

. local cervical lesions

. pulmonary

bone

- liver

. central nervous system

. other

To ablate and cure residual thyroid cancer in the neck.

SQUB LN~

Palliative
To reduce local residual tumors in order to maintain life

and prevent local tracheal compression or obliteration.
To relieve pain of distant (bony) metastases.1,2,7.9.11

stance, prognosis is influenced significantly by
age, which may not be standardized in com-
parison series.45:7

Finally, the radioactive iodine may have de-
leterious side effects, which must be weighed
against its therapeutic benefits. Statistical evi-
dence for the advantages of radioactive iodine
therapy in differentiated thyroid cancer should
ideally include a control group. Such an ideal
therapeutic trial has not been performed.
Comparison of different protocols for the use
of 13T in the diagnosis and treatment of thyroid
carcinoma are therefore largely comparisons
between different institutions.24:5

The ideal treatment for differentiated thy-
roid carcinoma includes the ablation or removal
of the primary lesion(s) and prevention, or
successful ablation, of local and/or distant
metastases, with subsequent significant im-
provement in both quality and duration of life.
Radioactive iodine has a role in both forms of
therapy. The present indications for radio-
active iodine treatment of thyroid carcinoma
are listed in Table 7.1.

The ability of some thyroid cancers to con-
centrate radioactive iodine is the basis for
its therapeutic use. If no radioactive iodine
uptake is present, therapy with radioactive
iodine is not feasible, and should not be
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utilized.1:2:5-7.11 If a sufficient therapeutic dose
of radiation is to be delivered by a therapeutic
dose of 1311, an uptake of at least 0.1% of the
administered dose at 24 hours is necessary.3
Not all differentiated thyroid cancers concen-
trate 131, either in the tumor, local recur-
rences, or metastases.!! This unique capacity
to concentrate radioactive iodine is initially
present in approximately 75% of differentiated
thyroid cancer in the young, and in approx-
imately 50% of these cancers in adults.11-14
After radiation therapy with either radioactive
iodine or external radiation, or after chemo-
therapy, this capacity may disappear.

Isotopic scanning is used to detect the pres-
ence of thyroid cancer recurrence or metas-
tases. The usual isotope employed is 1311,
which has both beta and gamma energy
emissions.!-2-> The latter are easily detected by
external counting. Thallium 201 has been util-
ized by one group with some success.>

The objectives of scanning include the detec-
tion of all tumor sites that may be treatable
with radioactive iodine, and the detection of
tumor sites that may not be amenable to
this therapy due to poor concentration of
iodine.16-18 (Table 7.2).

To enhance the probability of therapeutic
success, the concentration of radioactive iodine
in thyroid-derived tumor cells may be in-
creased by several preparative methods. The
normal thyroid gland competes for 131 so
effectively that tumor tissue may not be visual-
ized if any normal tissue is present. Either
surgery or 1311 ablation will remove this obsta-
cle to the detection of metastases. Complete
surgical ablation is recommended in all cases in
which the neck is explored and in which subse-
quent treatment with 13! is being contem-
plated. This approach saves time because ther-
apy with radioactive iodine can be given soon
after the operation; whereas in the case of 1311
ablation of residual normal thyroid tissue, an
interval of several weeks must elapse before
abnormal tissue can be delineated and treated.
Total surgical thyroidectomy also spares the
patient exposure to unnecessary radiation.18-20

Well-differentiated thyroid-derived malig-
nancies retain their dependency on thyroid-
stimulating hormone (TSH) for iodine uptake
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Table 7.2. Factors affecting the concentration of
radioactive iodine in thyroid cancer tissue in scan-
ning and in therapy

Effect on

Factor uptake

Presence of normal thyroid tissue l

Hormonal factors

TSH
Endogenous
Supplemental TSH
Secondary to TRH

Thyroid hormone
Thyroxine
Triiodothyronine

— > > > —>

Inorganic iodine
Todine pool
Medication
Diet
Absorption from skin (iodine
preparation of skin in surgery,
etc.)
Iodine
Diuretic therapy
Mannitol therapy 1

e —

Organic iodine dyes
CT studies with contrast medium
Vascular studies
Gall Bladder
Myelogram

— -

Medications
Antithyroid drugs
Tapazole
Propylthiouracil
Perchlorate
Lithium
Amiodirone

| (rebound 1)
| (rebound 1)

l

>

Dose of 131] administered

Time of scanning

1 indicates increase in uptake, | indicates decrease.

as well as for cell proliferation. If thyroid-
stimulating hormone is absent, radioactive
iodine uptake is not possible. Increasing the
level of TSH will increase the radioactive
iodine uptake of thyroid-derived cells.1-3.10-12

Since thyroid hormones suppress TSH secre-
tion by the pituitary, when thyroxine is
removed by either thyroid ablation or dis-
continuing the use of supplemental thyroid
medication (particularly after total thyroidec-
tomy), the endogenous production of TSH will
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be stimulated and levels greater than 30 miw/L
will be achieved. This level consistently pro-
duces adequate radioactive iodine uptake in
susceptible cells. A period of 4 to 6 weeks with-
out replacement therapy is generally sufficient.
During this period symptoms of hypothyroid-
ism may occur without thyroid hormone re-
placement. The duration of these unpleasant
symptoms can be shortened by utilizing low
dose triiodothyronine (T3) therapy for the first
two weeks of this period. However, since T3 has
a shorter half-life than T4, a shorter period of
withdrawal is sufficient to allow TSH to rise.
Some authors have attempted to increase the
thyroid-stimulating hormone level by the use
of either bovine or human TSH injection. The
use of bovine TSH may produce immunolog-
ical responses of varying severity and may oc-
casionally produce anti-TSH antibodies. For
these reasons most institutions have aban-
doned the use of bovine TSH injection.??

Paying adequate attention to increasing the
TSH level, decreasing iodine intake, and max-
imizing iodine uptake will increase the success
rate in scanning. A dose of 1 to 2 mCi of 131] is
utilized with a rectilinear scan of the neck and
with a gamma counter for whole body
scanning.1-3.14.21

Larger doses of 5 to 15 mCi 131 will increase
the yield of information with scanning; how-
ever, the larger doses carry the risk of sublethal
radiation injury to the metastasis with a subse-
quent decrease in the percent of uptake after a
therapeutic dose of radioactive iodine.?® TSH
is in itself potentially dangerous. Many differ-
entiated thyroid cancers in man are endocrine
dependent.! Increased growth of such cancers,
and conversion from a low-grade differentiated
endocrine-dependent tumor to a highly malig-
nant anaplastic non-TSH-dependent cancer
has been reported.? For this reason, after the
use of radioactive iodine therapy, reinstitution
of thyroid hormone therapy is mandatory.

The uptake of radioactive iodine is affected
by the size of the body iodine pool. The intake
of iodine from all sources contributes to the
iodine pool. Thus, increased iodine intake
from medications including cough mixtures
and vitamins, a high iodine diet (e.g., seaweed,
kelp, iodized salt, and seafoods), and the
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absorption of iodine applied to the skin or
mucous membranes, all increase this iodine
pool and decrease the concentration of radio-
active iodine in thyroid-derived cells. Con-
versely, a low iodine diet used in addition to
diuretics to lower the iodine pool will raise the
radioactive iodine uptake.1-3.11

Organic iodine dyes have a more prolonged
depressive effect on radioactive iodine uptake.
This effect can last from 2 to 4 weeks for water
soluble dyes used in angiography and compu-
terized tomography (CT) scans and for up to
4 to 12 weeks for lipid-soluble dyes such as
those used in gall bladder studies. Retained
dye in the spinal canal after myelography may
be a source of prolonged iodine release and
may therefore cause prolonged depression of
radioactive iodine uptake.1-3

Antithyroid drugs such as tapazole and pro-
pylthiouracil inhibit uptake by means of chemi-
cal action on the thyroid cells. In the past, these
drugs have been utilized to decrease thyroid
hormone levels and increase TSH. A high “re-
bound” radioactive iodine uptake occurs when
these medications are discontinued. However,
especially in the case of propylthiouracil, a pro-
tective effect against radiation, or specifically
the action of radioactive iodine in thyrotoxi-
cosis, has been reported; therefore, a similar
decrease in radiation efficacy in thyroid carci-
noma is implied.!?24 Perchlorate and similar
drugs prevent the trapping of iodine by
thyroid-derived cells. Lithium may change
uptake for a variable period of time.25-26
Amiodorone, which has a high iodine content,
may depress uptake for months.?’

Increasing the dose of radioactive iodine
that is administered will allow the detection of
differentiated thyroid cancer-derived tissue
that has low iodine uptake. The percentage of
the administered dose of radioactive iodine will
remain the same, but a larger amount of
radioactivity will be present in tumor sites,
enhancing the probability of identifying
them.13.16.23 If scanning is performed at 24
hours, there will be significant blood back-
ground radiation due to the distribution of
radioactive iodine in tissue and body fluid. If
scanning is done after a longer interval of from
48 to 72 hours, the background radiation dimi-
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Table 7.3. Factors that contribute to false positives
in radioiodine uptake scans

Nasal secretion with the nasal cavity

Contaminates of handkerchief, etc. from nasal secretion
Salivary glands

131] retained in the gastrointestinal tract

Meckel’s diverticulum?8

Urine

Contaminates of bed clothes

Cyst: Renal (or other) with protein content

nishes and the interference of this background
radiation is minimized. False positive scans
may occur in certain situations (Table 7.3).

Protocols for 31 Therapy

Two approaches to the ablation of residual
thyroid tissue have evolved. The first involves
the administration of a low dose less than 30
mCi of 131] to ablate a thyroid remnant, and
assumes that this dose may need to be repeated
to be completely effective.3’ In the second
approach, an amount of 13! that is sufficient
either to ablate all residual thyroid tissue or, if
a significant remnant is present, to deliver
50,000 rads is administered in a single high
dose of usually 60 to 150 mCi.?36.2

Buena and Leeper used dosimetric methods
to estimate the largest safe single dose of 1311 in
therapy of differentiated thyroid cancer
metastases.!!-12 Their preparatory protocol
includes the ablation of the normal thyroid,
discontinuance of thyroxine for 6 weeks, and
avoidance of iodine either used as contrast
agent or ingested in food and drugs. A dose of
1.0 mCi of 1311 is given orally. Body retention is
measured at 2 and at 4 hours; thereafter, it is
measured once a day for 4 more days. The
highest body count measured is considered to
represent 100% iodine retention. Urine is col-
lected in daily pools, and heparinized blood is
initially drawn at 2 and at 4 hours, and there-
after daily for 4 more days, enabling the radi-
ation dose to the blood to be calculated. A
calculated maximum of 200 rads to the blood is
a dose-limiting factor.10-12,30

In addition, a maximized retained dose of 120
mCi at 24 hours prevented tumor products and
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iodoprotein containing 31 from increasing the
blood radiation above their limits.

One other imposed limitation is that applied
when pulmonary metastases are present. A
maximum retained dose of 80 mCi at 24 hours
has prevented the occurrence of radiation
pneumonitis (which had resulted in 2 deaths
with a prior protocol without this limit).2°

Using their dosimetry calculations, the aver-
age single dose was 293 mCi and the largest,
694 mCi. They comment that “had an arbitrary
fixed dose in the range of 150 to 200 mCi been
utilized 92 of the 202 treatment doses would
have undertreated the patients and 3 patients
would have received doses expected to result
in excessive blood radiation.”1? Retesting and
retreatment, if necessary, is performed a year
later.11,30

Beierwaltes usually treats metastases from
differentiated thyroid carcinoma that take up
radioactive iodine with an empiric dose of 150
to 175 mCi for uptake in regional nodes, 175 to
200 mCi for treatment of pulmonary metas-
tases, and 200 mCi for bony metastases.?> Re-
testing and retreatment, if necessary, are per-
formed 1 year after the initial treatment. If
recurrence is not present, retesting is done
at 3 and 5 years after initial treatment. Late re-
currence up to 25 years post-therapy has been
documented, necessitating the performance of
long-term follow-up studies.

Evaluation of the Effects of
Radioactive Iodine on
Differentiated Thyroid

Carcinoma

The usual course of differentiated thyroid car-
cinoma is that of a slow growing, rather indo-
lent tumor. The prognosis tends to be more
favorable with papillary carcinoma (90% sur-
vival at 10 years), than with follicular carci-
noma (80% survival at 10 years). Mazzaferi
reported that a multivariate analysis of over
1100 patients without distant metastases failed
to identify tumor histology as a significant prog-
nostic variable.

There have been many studies of large series
of patients with differentiated thyroid cancer.
In comparing the effects of treatment on mor-
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bidity and mortality from each institution, one
must be aware of the possible inherent differ-
ences in the populations at risk: the size of the
lesion at initial surgery, presence of multi-
centricity, history of previous radiation, and
extent of initial surgical resection; as well as
the effects of various doses of radioactive
iodine employed for therapy. The incidence of
later local recurrence of distant metastases may
also vary widely, depending in part upon the
duration of follow-up in each series. Some in-
clude only those patients who had clinically
apparent distant metastases at the time of ini-
tial evaluation, while others also include those
patients whose metastases were found after
residual thyroid ablation by surgery or by 1311
followed by total body scans. Still other stud-
ies include patients with metastases that de-
veloped after many years. Therefore, the per-
centages of nodal and/or distant metastases as
stated in reviews of the literature vary widely.
Maxon tabulates and averages these percent-
ages arriving at figures for papillary carcinoma
of 35% for initial nodal metastases and 9.4%
for later nodal metastases as compared with
figures for follicular carcinoma of 12.8% for in-
itial nodal metastases and 6.7% for later nodal
metastases. Using the same series, distant
metastases were on average more common in
follicular carcinoma than in papillary carcino-
ma, i.e. 16.4% vs 3.8% initially 13% vs 4%
later; in some of the series the incidence of
distant metastases depended less on histology
than on tumor size, grade, and patient age.
Later local recurrences occurred in 5.6% of
papillary carcinoma and 7.8% of follicular
carcinomas.?

Residual thyroid cancer that concentrates
radioactive iodine after initial surgery may
occur because of extra thyroidal tumor inva-
sion or incomplete surgical resection. Reports
of successful treatment of residual tumor with
131] are plentiful and indicate that this modality
treatment may improve long-term survival.
Local recurrent carcinoma is associated with
shortened survival, which may also be im-
proved by 131] treatment.1-7

The efficacy of 131] treatment for ablation of
thyroid remnants continues to be a topic of
controversy. In an international survey, 81%
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of thyroidologists favored administration of
131 to a thyroid remnant remaining after total
or near-total thyroidectomy for papillary carci-
noma; 97% recommended such therapy for fol-
licular carcinoma.3¢ Mazzaferi has published
data indicating that the rate of recurrence is
lower when such therapy is given.%> Because
local recurrence is associated with shorter
survival, such therapy eventually should
have long-term impact. In DeGroot’s 12-year
follow-up of 269 patients with papillary carci-
noma, 131 ablation was associated with “de-
creased risk of death in patients with Class I
and Class II tumors greater than 1 cm. in
size.”37 He further states that “the data strong-
ly supports the use of more extensive initial
surgery in Class I and II patients with tumors
greater than 1 cm., as well as postoperative
radioactive iodine ablation of thyroid remnant
tissue.” Among Mt. Sinai Hospital (New
York) endocrinologists this practice is nearly
universal. De Groot et al report that post thy-
roidectomy doses of 30 mli of 3] may be
expected to ablate all residual normal thyroid
tissue in 85% of patients. Doses of 100 to 150
mCi are used if there is suspicion or confirma-
tion of actual residual thyroid tumor, invasion
outside of the thyroid bed, or nodal metastases
in the immediate postoperative period.

The overall long-term incidence of distant
metastases occurring in well-differentiated
thyroid carcinoma is somewhat more difficult
to calculate because of the relatively small size
of most series, as well as the need for a long
duration of prospective follow-up required for
these relatively indolent tumors. Ruegemer
and Hay reported that in the Mayo Clinic
series of 988 patients, distant metastases were
present in 8.6% of cases,3? whereas in a series
reported by Hoegi, the incidence was 12.4% .34
In Rasmassen’s 1978 series of 158 patients
with well-differentiated carcinoma followed up
for ten years, 20 initially had distant metas-
tases present, while a further 28 patients with
papillary carcinoma, and 22 patients with fol-
licular carcinoma subsequently developed
metastases.32

Distant metastases are most commonly
found in the lungs. In Maxon’s tabulation of
ten series comprising 810 patients with meta-
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static well-differentiated carcinoma, 44% of
the metastatic sites were pulmonary; 29%,
bone; 10%, both bone and pulmonary; 6%,
mediastinal; and 8%, other (including brain
and liver).2

It is estimated that approximately 50% of all
metastatic lesions initially concentrate radio-
active iodine in quantities significant for ther-
apeutic purposes.3-4.6,7,33,41

Pulmonary metastases may be further di-
vided by their pattern of uptake into microfol-
licular, macrofollicular, and diffuse infiltrative;
in some institutions, the pattern of pulmonary
metastasis is thought to be a factor influencing
response to therapy as well as progno-
sis.7-11,3233  Qrdinary chest x-rays will be
abnormal in approximately 1/2 of patients
with pulmonary metastasis. CT scanning may
be positive in patients with micronodular le-
sions of the lungs.4? Radioactive iodine scan-
ning may be the only method of diagnosis of
the infiltrative variety.3°-41 Hay (Mayo Clinic)
reported five deaths among 23 patients with
microfollicular disease, compared with 21
deaths among 48 patients with macrofollicular
disease after 1311 therapy. In Beierwaltes’
series, 39 patients with pulmonary metastases
were treated with 1311. Of the 22 patients with
papillary carcinoma, 8 were alive with disease,
while 14 showed no disease. Four patients with
follicular carcinoma died of disease while
two survived, one with disease, one without.
Maheshwari et al. reported on a 28 year follow-
up of patients treated with 1311 at MD Ander-
son Hospital (Houston, Texas). Age was a def-
inite factor in prognosis. For all patients who
presented initially with pulmonary metastases,
the eight who were less than 40 years of age all
responded to 13!I, while only 60% of those
over 40 years old responded. Of patients who
developed pulmonary metastases later in the
course of their disease, all nine under 40 years
of age responded, while only 11 of 26 patients
over the age of 40 responded.” In all series,
survival was better in cases in which pulmo-
nary lesions concentrated radioactive iodine
than in cases in which they did not. Survival
was also adversely affected by large tumor
burden.”-39-41

Because the numbers are so small, there are
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Table 7.4. Adverse effects of 1311 therapy

I. Pregnancy
A. Fetal hypothyroidism
B. Teratogenicity

II. Direct effect of radiation resulting in
A. Salivary gland dysfunction
B. Hypoparathyroidism
C. Vocal cord dysfunction secondary to radiation
of nerves
D. Radiation tracheitis

III. Deleterious Effects
A. Bone marrow
1. Leukemia
2. Thrombocytopenia
3. Pancytopenia
4. Decreased hemoglobin
5. Lymphocytes
B. Lungs
1. Radiation pneumonitis
C. Gonads
1. Sterility, male & female
2. Chromosomal abnormalities
D. Bladder
E. Gastrointestinal

IV. Secondary 131] effects on thyroid tumor & metastases

A. Anaplastic transformation of well-differentiated
thyroid cancer

B. Thyroid storm (acute hyperthyroxinemia due to
release of performed hormone)

C. Acute neurologic dysfunction

V. Induction of other solid tumors
A. Bladder
B. Breast (?)

no series comparing various protocols of 1311
dosage administered with survival.

Bony metastases are associated with a less
favorable prognosis in both papillary and fol-
licular carcinoma. In the MD Anderson series
of 24 patients with bony metastases treated
with 131, only 3 patients were alive without dis-
ease after 28 years, 2 were living with disease,
and 18 had died of disease (one patient died of
unrelated causes without evidence of cancer).”
In Maxon’s review of five other series, only 16
of 233 patients showed complete resolution of
bony metastases as evaluated by x-ray or clini-
cal appearance, while 33 of 72 patients showed
some improvement.? Despite these statistics,
most authorities continue to use radioactive
iodine, sometimes in combination with exter-
nal radiation, for palliation of pain from bony
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metastases, as well as in hopes of tumor re-
gression.1:2:4.7-9,19.41

Adverse Effects of '*'I Therapy

Table 7.4 outlines the potential deleterious
effects of radioactive iodine therapy.

Pregnancy is an absolute contraindication to
radioactive iodine therapy. Before any study or
treatment with 13!, pregnancy must be ruled
out. Most laboratories instruct patients not to
become pregnant for a period of 3 to 6 months
after radioactive iodine therapy. Strict birth
control measures must be employed. We insist
upon this agreement before therapy is adminis-
tered and exclude pregnancy in females by
appropriate CG assay.

Several cases of radioactive iodine treatment
during pregnancy have resulted in cretinism or
chromosomal abnormalities.*3:44 The radiation
dose received by the fetus is the sum of the
radiation dose to the blood and the radiation
received from the radioactive iodine within the
bladder, as well as the radiation from 13!1 within
the gastrointestinal tract. After 42 days of fetal
life the thyroid anlagen will concentrate iodine
and thus raise the fetal radiation burden.*3-44

The salivary gland secretes iodine. Radio-
active iodine may cause acute sialoadenitis.
Dry mouth and salivary gland dysfunction may
occur following 3! therapy. Stenosis of the
salivary ducts and stone formation has been
noted.*>46 The use of atropine in small doses
immediately before the use of radioactive
iodine will lower the radiation dose to the saliv-
ary glands and minimize the risk of these com-
plications of therapy.+?

The parathyroid glands are sensitive to ex-
ternal radiation in low dose, which may result
in hyperparathyroidism due to hyperplasia of
the glands as a later complication. This radia-
tion effect has not been reported with radioac-
tive iodine therapy for differentiated thyroid
cancer. However, hypoparathyroidism due to
radiation damage to the glands following either
radioactive iodine ablation of normal thyroid
gland or radioactive iodine ablation of re-
current tumor has been reported (personal
communication, SB Yohalem).
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Vocal cord dysfunction with recurrent
laryngeal nerve palsy has been reported with
radioactive iodine therapy of recurrent thyroid
cancer, although this is a rare complication.
Pochin, as quoted by Silver, described one case
with such severe symptoms that a tracheotomy
was necessary.

Radiation tracheitis following the use of high
dose radioactive iodine treatment for thyroid
gland ablation has been reported.!

The effects of 1311 on the bone marrow are
the same as those observed after whole-body
radiation; they are dependent on the total dose
and the time frame in which the radiation is
administered. Blood counts should be per-
formed prior to administration of !31I. Bone
marrow depression is maximal at approximate-
ly 6 weeks; thrombocytopenia, leukopenia,
and anemia have been noted following radio-
active iodine therapy.218-20 If there is any in-
dication of bone marrow suppression (lym-
phopenia is an early indicator of change) bone
marrow studies are indicated. The deleterious
effects of radiation on bone marrow and there-
fore on blood elements may be the limiting
factor in determining treatment dosage. The
use of granulocyte stimulating factor and
macrophage monocytic stimulating factor in
patients with bone marrow depression may ob-
viate this deleterious effect. Leeper noted that
8 of 59 patients had serious bone marrow de-
pression following maximal radioactive iodine
therapy.11-12 The calculated dose to whole
blood was 3 Gy or more. After limiting calcu-
lated radiation dose to blood to 200 rads and a
maximum whole-body retained dose to 120
mCi at 48 hours, no instances of severe or per-
sistent bone marrow depression were noted.
Based on whole-body radiation doses, therapy
with 131 can be expected to induce leukemia,
usually of the acute myelogenous type, if more
than 200 rads are received by the bone mar-
row. In the reported series, except in one in-
stance, leukemia was not reported following
radioactive iodine unless total doses exceed
600 mCi. A report by Melvin of 14 cases of
leukemia in 2453 treated patients may confirm
this complication.?

Rall reported radiation pneumonitis lending
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to death in two patients when large doses of
131] were used to treat pulmonary metastasis.
Setting limit of 80 mCi of 13!] retained at 24
hours in patients with diffuse lung metastases
has prevented this complication.11-2°

The dose of radiation delivered to the testi-
cles from radioactive iodine therapy is approx-
imately the same as that of radiation to the
blood. The testes do not concentrate iodine.
Some additional radiation to the testes may
occur as a result of radioactive iodine in the
bladder. Frequent emptying of the bladder in
combination with vigorous hydration will de-
crease the radiation dose from 13! contained
within the bladder. Most studies reported a
radiation dose to the testicles of approximately
0.3 rads/mCi after 13'] therapy.!-2 Male infertil-
ity and even azospermia has been reported af-
ter treatment with 1311.4° The data suggest that
gonadal damage may occur with radioactive
iodine therapy, especially at higher levels of
administered dose.’® The report of an eleva-
tion of follicle-stimulating hormone (FSH)
level peaking at approximately 2 months after
radioactive iodine ablation therapy to the thy-
roid using 50-mCi 131] suggests an effect on
spermatogenesis even with relatively small
amounts of radioactive iodine therapy. If pel-
vic or bony metastases are present, the dose to
the testicles may be markedly increased. Some
radiation to the testicles may occur from the
radioactive iodine within the gastrointestinal
tract.48-49 It should be noted that in some cases
the radiation changes induced in the gonads
may be permanent. Therefore consideration of
sperm storage should be considered in appro-
priate cases.?

The ovaries are subject not only to radiation
from the blood after therapy with radioactive
iodine for differentiated thyroid cancer, but
also to significant radiation from radioactive
iodine in urine within the bladder.3! One re-
port of concentration of iodine within the fol-
licular fluid has not been confirmed (personal
communication, TF Davies 1990). As in males,
131] treatment for metastases in the bony pelvis
will markedly increase the radiation exposure
to the ovaries. Any radiation to the ovaries
may produce genetic damage either through
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direct effects on chromosomes or through in-
duced genetic mutations. The naturally occur-
ring rate of mutations is approximately 0.5 per
million genes per generation. The doubling
dose is that dose which causes the gene muta-
tion rate to double. The doubling dose of 1311
would be over 150 mCi. The administration of
150 mCi to females would be expected to pro-
duce chromosomal abnormalities in about 50
children per 100,000 live births. The effects of
this dose of radiation may cause abnormalities
in 0.3% of pregnancies. Given a dose of 500
mCi of 131], abnormalities would be expected
in approximately 1% of pregnancies resulting
in a live birth. This would not be clinically
apparent and has not been reported to be evi-
dent in the small series reported thus far.

There is a theoretical worry concerning
genetic effects of radiation on the F, genera-
tion.>! Discussion of the statistical probability
is beyond the scope of this chapter.

Secondary *3'I Effects on Thyroid
' Cancer and Metastases

The transformation of differentiated thyroid
cancer into an anaplastic tumor has been re-
ported to occur spontaneously in the absence
of any radiation therapy. Severel cases of this
transformation occurred shortly after radio-
active iodine therapy, suggesting that there is
a greater incidence of the phenomenon after
radiation.>2

Radiation may cause destruction of thyroid
tissue and release of preformed thyroid hor-
mones into the circulation. This may lead to a
hyperthyroxinemic state or even acute “thyroid
storm” if sufficient hormone is released. This
sequence of events has been reported after
radioactive iodine ablation of the thyroid.12
Acute hyperthyroxinemia has been followed
by myocardial infarction.53 Several cases of
thyroid storm have been reported after radio-
active iodine therapy, usually in patients with
extensive metastatic follicular carcinoma.>*
This complication usually occurs 18 to 96 hours
after therapy.

Radioactive iodine therapy for metastatic
well-differentiated thyroid cancer to the central
nervous system may cause acute neurological
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syndromes secondary to radiation effects. If
cervical cord metastases are present, acute
cord compression may result.>+

Other complications of 13I therapy for thy-
roid carcinoma include acute symptoms of gas-
tritis. It is important to avoid contamination of
the environment if emesis occurs. Excretion of
131] via the urinary tract has not been reported
to lead to an increase in renal tumors; how-
ever, an increased incidence of bladder cancer
has been reported.2! No increase in gastroin-
testinal tumors has been reported in patients
treated with radioactive iodine.

There are reports of an increased incidence
of breast cancer following larger doses of
radioactive iodine; however, these data are not
statistically significant.>>

Local radiation control boards dictate when
a patient may leave the hospital after treatment
with 131] for thyroid carcinoma. In our institu-
tion, a patient may return home with a retained
dose of 8 mCi of 1311. Children and others may
still be at risk for radiation injury if prolonged
close contact with treated patients is not pre-
vented.

In the event of death of a patient with a large
retained dose of 1311, special arrangements may
be necessary for an autopsy to be conducted in
order to prevent the danger of personnel being
exposed to significant radiation.

Contamination due to emesis or loss of urin-
ary control may be dealt with in accordance
with radiation control guidelines.

The amount of radiation exposure to hospi-
tal personnel from patients treated with large
dose of 131 may be minimized by taking ap-
propriate precautions. Distance is a shield;
the patients should be isolated in single rooms.
Storage and decay of highly radioactive urine
will depend on local plumbing and sewage. If
there is sufficient effluent, direct disposal may
be permissable. Otherwise, arrangements for
storage of waste in order to allow decay of
radiation may be required. Personnel should
be monitored for radiation exposure. Active
rotation of personnel will keep individual
radiation doses to a minimum.

The use of 1311 in the treatment of anaplastic
and medullary carcinoma is covered in Chap-
ters 8 and 9.
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Conclusion

Radioactive iodine therapy has been utilized in
the ‘treatment of differentiated thyroid cancer
recurrences and metastases. Ablation of res-
idual normal thyroid tissue postoperatively,
followed by total body scanning is indicated in
all patients with unfavorable prognostic factors
including large primary cancer, multifocal
primary tumors, capsular invasion, vascular
invasion, or old age. Treatment of otherwise
asymptomatic patients without known or
demonstrated metastases is associated with
a lower incidence of recurrence or later
metastases.*

Radioactive iodine treatment for local re-
currences or pulmonary metastases is associ-
ated with a high cure rate. However, treatment
of bone, brain, or liver metastases may only
be palliative. In the future, prognostic factor
analysis and the use of prognostic indicators
may result in a delineation of those patients
with thyroid carcinoma who will be cured with
the initial surgery and those at risks for recur-
rence and/or metastasis. If these prognostic
analysis can be validated then the use of abla-
tive radio iodine will be restricted to those pa-
tients with a limited or poor prognosis. The
harmful effects of radiation will be avoided in
the great majority of patients.

Major deleterious effects of radioactive
iodine treatment include bone marrow de-
pression, gonadal dysfunction with azospermia
and infertility, induction of anaplastic trans-
formation of differentiated thyroid cancer
(although this is questionable), and precipita-
tion of thyroid storm due to acute release of
preformed thyroid hormone.
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Medullary Carcinoma of
the Thyroid

RuODA H. COBIN

Introduction

Medullary carcinoma was first recognized as
a distinct clinical entity in 1959 by Hazzard.!
Since then, information regarding the biology
of this tumor, its clinical behavior, and its
involvement in multiple endocrine neoplasia
type II has rapidly accumulated. Medullary
carcinoma comprises only a small fraction of all
thyroid carcinomas, but its importance as a
model for the study of peptide secretory
tumors and as a preventable cause of mortality
(in a familial setting) far outweighs its low
frequency of occurrence. In addition, recently
developed molecular biologic techniques have
yielded new insight into the genetic basis of
carcinogenicity in inherited neoplasms.

Demographics

In 19732 Hill et al. reported the experience at
MD Anderson Hospital (Houston, Texas) with
medullary carcinoma. Of 777 patients with
thyroid cancer, 73 (9%) of the patients had
medullary carcinoma, and of these, 43 were
female and 31 male (a 1.4:1 ratio, compared
with a 2.5:1 ratio seen in other thyroid cancers
in their institution). The age range was 15 to 82
years of age and the average was 47 years.
There was no predominance by race. This dis-
tribution is similar in subsequent series.3# In
centers where screening for familial disease has
been aggressive, patients are detected at a
younger age’ (vide infra). Familial medullary
carcinoma of the thyroid is thought to comprise
roughly 20% of the total, although as more
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families of affected individuals are studied, the
incidence will surely rise.

Clinical Presentation

While in screening studies for familial disease,
patients are now detected chemically, pre-
sentation in the sporadic setting is no different
from patients with other forms of cancer of the
thyroid. All patients present with a neck mass.
Only 7% have pressure sensation or dysphagia,
and 9% have diarrhea or other symptoms re-
lated to distant metastases (although as many
as 32% of patients previously diagnosed with
medullary carcinoma developed diarrhea,
which may be hormonally mediated). Thus,
the presence of diarrhea and a neck mass may
offer a possible presurgical diagnostic clue.!

Radiography

Preoperative clues to the presence of medul-
lary carcinoma of the thyroid may be present in
routine x-rays of the neck and chest. Soft tissue
films may reveal typical dense homogeneous
conglomerate calcifications, generally bilater-
al, in the thyroid lobes. Metastases to regional
nodes may also calcify. The appearance is
distinctly different from the faint homogene-
ous “psammomatous” calcifications seen with
other thyroid carcinomas. When medullary
carcinoma of the thyroid metastasizes to the
liver, the lesions may also develop typically
dense conglomerate calcifications. In the lungs
an interstitial nodular infiltrate occurs with
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metastases, sometimes with hilar and medi-
astinal nodes; calcification does not appear
to occur in the chest and mediastinum. Bone
lesions of metastatic medullary carcinoma of
the thyroid are generally lytic and do not dif-
fer from other lytic metastases.®

Cytology

Fine needle aspiration biopsy, commonly em-
ployed in the evaluation of solitary thyroid
nodules, may yield valuable preoperative clues
to the presence of a medullary carcinoma (Fig.
8.1). Tumor cells are larger than normal fol-
licular cells. Their size varies; the largest are
multinucleated giant cells. Cells may be indi-
vidual or present in cohesive groups. Spindle
shape or triangular cells with dendritic exten-
sions are highly suggestive of medullary carci-
noma. The cell cytoplasm is usually amphophi-
lic and structureless, but a distinctive red
granulation is seen in up to 5 to 15% of cells.
With May-Grunwald-Giemsa staining, they ap-
pear azurophilic, do not stain with eosin, and
show weak metachromasia with toluidine. The
cellular nuclei are eccentrically positioned,
dark, sharply outlined, and often binucleate or
multinucleate. Distinct nucleoli and mitoses
are rarely seen. Amyloid may be recognized
in smears as cloudy, amorphous lumps of a sub-
stance staining gray-blue or violet with May-
Grunwald-Giemsa stain and bright red with
hemotoxylin eosin.” Although amyloid may be
identified presumptively on Papanicolau stains,
it is confirmed by restaining with Congo red.
With alkaline Congo, the amyloid is bright red
in common light and exhibits green birefring-
ence in polarized light. Generally, this material
is present outside the cells, but may be present
intracellularly as well. Geddie et al.® empha-
sized the importance of spindle cells and note
that cytoplasmic granules stain positive for cal-
citonin by the immunoperoxidase technique.
Papanicolau-stained slides may be decolorized
for subsequent immunoperoxidase and Congo
red stains.

Histopathology

When medullary carcinoma is seen on gross
examination, it is firm, solid, grayish, or pale
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brown, well demarcated from surrounding tis-
sues, or may be infiltrating. Microscopically,
the typical appearance is that of polyhedral
neoplastic cells arranged in sheets or irregular
trabeculae and divided into nests by fibrous
connective tissue septae (Fig. 8.2). Spindle
cells may comprise anywhere from a small frac-
tion to the predominate portion of the tumor,
are generally seen with less amyloid, and may
be associated with a relatively poor prog-
nosis.1.? Amyloid deposition may be either
abundant or scanty (Fig. 8.3); In up to 25%
of cases, it may be absent altogether. Amy-
loid may be seen by Congo red stain under
polarized light and is best seen as typical
amyloid fibrils on electron miscroscopy. The
amyloid in medullary carcinoma is composed
of a soluble P component (common to all amy-
loid) and a unique fibrillar protein of 5700
molecular weight that may have some homol-
ogy to calcitonin. This is believed to represent
a prohormone of calcitonin or a fragment of a
precursor.1® Immunohistochemistry generally
reveals dense staining of most tumor cells with
calcitonin antiserum.

C-cell hyperplasia'! is identified by means
of immunocytochemistry usually occurring at
the junction of the upper and middle half
of the thyroid lobes. C-cell hyperplasia be-
gins with a diffuse increase in the number
and size of C cells as compared with normal
controls. At first the pathology is restricted to
the normal parafollicular location; it pro-
gressively encircles, displaces, and compresses
follicular elements producing solid intrafol-
licular aggregates of C cells with complete re-
placement of the follicular epithelium, form-
ing nodular hyperplasia. When C cells break
through the basement membrane of the follicle
and encircle the interstitium, micromedul-
lary carcinoma of the thyroid is diagnosed.!!
Carcinoembryonic antigen (CEA) immuno-
staining may be present in either C-cell hy-
perplasia or micro-medullary carcinoma of
the thyroid.12

In familial cases there are often microscopic
foci of C-cell hyperplasia, or microscopic
medullary carcinoma of the thyroid in areas
of normal parenchyma, thus demonstrating a
multicentric tumor origin.!3
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E

Figure 8.1. Representative samples of cells obtained
from fine needle aspirates. In B, nonspecific small
tumor cells are seen, along with more diagnostic
red-granulated giant cells. C demonstrates angu-
lated dendritic cells with eccentrically placed nuclei,
and D shows characteristic triangular cells. In K, the

F

bluish gray cytoplasmic condensations are thought
to be amyloid. Aspirates may be stained Congo red
for amyloid and viewed with non-polarized light as
in G or in polarized light as in F. Reprinted, by per-
mission from Soderstrom N, Telenius-Berg M,
Akerman A, 1975. (7)
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Figure 8.2. Histopathology of medullary carcinoma.

Electron Microscopy

On electron microscopy tumor cells bear a
striking resemblance to the thyroid parafollicu-
lar cells (C cells) from which they are derived
(Fig. 8.4). A well-developed Golgi apparatus is
visible, from which small vesicles of 40 to 160
mu appear to pinch off. These are scattered
further throughout the cytoplasm, along with

secretory granules and vacuoles containing
secretory products. These secretory vacuoles,
which measure 170 to 530 mgu, are clear and
contain only a scanty amount of finely granular
material. Secretory granules have a single
limiting membrane and contain abundant,
dense, finely granular material. A narrow, clear
halo is sometimes seen just beneath the limit-
ing membrane. Rough endoplasmic reticulum,
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Figure 8.2. (cont.)

smooth endoplasmic reticulum, and mitochon-
dria are not numerous. Amyloid fibrils may be
identified. By electron miscroscopy, medullary
carcinoma often cannot be differentiated from
pancreatic islet cell tumors and from carcinoid
tumors, lending support to the concept that
these cells are all derived from similar primor-
dial, neuroendocrine cells and share a similar
oncogenesis.14.15

Biogenic Amines

As long ago as 1967, it was recognized that
medullary carcinoma stained positive for chro-
maffin and argentaffin reactions. Formaldehyde
vapor-induced fluorescence is able to detect
5-hydroxytryptamine, but epinephrine or nore-
pinephrine in some medullary carcinomas. A
similar phenomenon has been found in carci-
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Figure 8.3. Amyloid in medullary carcinoma.

noid tumors.!6:17 The ability of these tumors
to pick up amine precursors and decarboxy-
late them, the demonstration of DOPA-
decarboxylase in tissue and the presence of
neuron-specific enolase isoenzyme, led to the
conclusion that medullary carcinoma, as well
as other cells of similar structure, form a series
of “APUD-cell” tumors. It was proposed that
“neuroendocrine cells migrate into the primi-
tive alimentary tract mucosa and are carried
with the developing endocrine glands to their

final resting places where they mature in the
endocrine cells of the anterior pituitary thy-
roid, parathyroid, islets of Langerhans, ulti-
mobranchial body and thymus.”!8 These cells
have the capacity to develop into a wide variety
of peptide-producing endocrine tumors, in-
cluding medullary carcinoma, pheochromocy-
toma, carcinoid, and islet cell tumors.!® The
similarity in ultrastructural characteristics, as
well as the cosecretion of peptides of the gut,
both eutopic and ectopic, might be explained
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Figure 8.4. Medullary carcinoma of thyroid. There
are many secretory vacuoles (SV) that appear to be
clear and have an incomplete limiting membrane.
Some secretory granules (SG) are dark and others
have a less dense, finely granular content (arrows).
Small vesicles (V) occur near the Golgi apparatus
(G) and secretorv bodies. A distorted mitochon-

by the potential of precursor cells to form
tumors; hence, the syndrome of multiple
endocrine neoplasms could be explained as
a “dysplasia of neuroectoderm.” This may
be genetically determined, at least in familial
cases. Although the common neuroectodermal
origin of these tumors has been challenged,2®
their ultrastructural and chemical similarities
remain.

Pathologic Variants

Variants of medullary carcinoma may present
with primarily follicular or papillary architec-
ture.?! Experienced pathologists differentiate
these structures on the basis of their histologic
description as being “glandular” rather than
truly follicular. Furthermore, these cells stain
positive for calcitonin and not thyroglobulin
as would be the case if they were truly derived
from thyroid follicular epithelium. The papil-
lary structures contain multiple cell layers and
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drion (M) and a portion of the nucleus (N) are also
shown. Uranyl acetate and lead citrate stain. (origin-
al magnification x22,600) Reprinted by permission,
from Gonzalez-Licea A, Hartman WH, Yardley JH,
1968. (14) Copyright by the American Society of
Clinical Pathologist 1968.

small nuclei with condensed chromatin, as
contrasted with true papillary carcinoma, in
which there is only one cell layer and in which
the nuclei show typical ground glass and/or
grooved appearance.?? Since up to 25% of all
cases of medullary carcinoma may lack stain-
able amyloid, this is a poor differential point.
More confusing are the reports of tumors
composed of mixed histologic elements,?3 in-
cluding one tumor that contains elements of
medullary, papillary, follicular, and undiffer-
entiated patterns in both primary tumor and
metastases. Immunoperoxidase staining local-
ized both calcitonin and thyroglobulin in areas
of medullary and follicular elements. The
papillary elements fulfilled the classic criteria,
including typical nuclei and psammoma bodies.
These tumors have been postulated to have an
origin from an undifferentiated stem cell de-
rived from primitive pharyngeal pouch tissue.
To further complicate the issue, Holm et
al.?* reported 14 cases of medullary carcinoma
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with double staining for thyrocalcitonin and
thyroglobulin in both primary tumors and
metastases, both in solid and follicular areas in
otherwise histologically classical-appearing
medullary carcinoma. Thyroglobulin and calci-
tonin were colocalized within the same cell,
and in some cases with calcitonin gene-related
peptide (CGRP) and bombesin in both the
primary and metastatic tumors. Although en-
trapment of normal thyroid elements and pha-
gocytosis of thyroglobulin have been proposed
as a mechanism for the colocalization, it is
possible that the tumor derives from primitive
stem cells, and then develops characteristics of
both follicular and parafollicular cells. In situ
hybridization methods to search for RNA for
both peptides are necessary to verify this
hypothesis.

Finally, C-cell hyperplasia has been found in
tissue adjacent to non-medullary carcinomas,
both papillary and follicular.?’ In these cases,
the primary tumors did not stain positive for
calcitonin. In only one case was elevated serum
calcitonin measured; the rest of the cases were
studied retrospectively, and no correlation was
made with serum calcitonin levels. Therefore,
the possibility of confusion with a medullary
carcinoma in a patient with a thyroid mass and
elevated calcitonin was raised. In fact, how-
ever, such a patient would come to surgery, and
subsequent careful histologic and immuno-
cytochemical staining would resolve any diag-
nostic dilemmas.

The author has noted occasional cases in
which C-cell hyperplasia in a nonfamilial set-
ting has been discovered serendipitously on
finding an elevated calcitonin level. In such a
situation, when calcitonin can be hyperstim-
ulated with pentagastrin, regardless of the
family history, it is still incumbent on the
physician to exclude the premalignant variety
of C-cell hyperplasia by surgical intervention.

Calcitonin

As early as 1970 it was noted that calcitonin
was secreted by medullary carcinoma of the
thyroid and could be localized in normal and
neoplastic parafollicular C cells; an analogous
phenomenon in birds is the secretion of calcito-
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nin in the ultimobranchial bodies, which are
derived from the fourth and fifth pharyngeal
pouches.?¢ Calcitonin is normally present in
only low concentration, but in medullary carci-
noma of the thyroid, it is increased and usually
correlates with the extent of tumor burden.
Using a sensitive radioimmunoassay for cal-
citonin, Tashjian et al. noted that in normal
thyroid glands, tissue calcitonin concentrations
correlate well with the presence of C cells
stained by the immunoperoxidase technique in
the middle third of the lateral lobes, lying deep
within the gland, along the hypothetical central
axis of each lobe (Fig 8.5). Medullary carcino-
mas develop at this site. Neonates and children
have more C cells. Normal thyroids contain
few C cells and less calcitonin, although occa-
sionally small clusters of parafollicular cells
have been seen in routine autopsies. The im-
portance of this is unclear, as these subjects
were not studied while they were alive.?’
Calcitonin, a 32 amino acid, 3,500 molecular
weight peptide, was first discovered by Copp in
1962.28 It is initially secreted as a 15,000
molecular weight prohormone, which is then
cleaved to form the smaller molecular weight
active hormone. Study of the gene encoding
the prohormone for thyrocalcitonin predicted
that calcitonin gene-related peptide and PDN-
21 would also be found, and this has proved to
be the case.??-30 There are species differences
in amino acid composition. Radioimmuno-
assay?¢ has resulted in greater ease of measure-
ment, which has significantly affected both the
ability to understand normal and pathologic
physiology and the practical ease with which
medullary carcinoma is detected and managed
of. On gel filtration, calcitonin is hetero-
geneous; it is contained in five or more peaks,
particularly in patients with medullary carcino-
ma and lung tumors.31-32 Larger molecular
weight, biologically inert forms are apparently
formed by disulfide linkage and, to a lesser ex-
tent, by aggregation and noncovalent protein
binding. Monomeric human calcitonin, which
is silica extractable, is believed to be the only
biologically active hormone; it often comprises
15% or less of the total hormone in patients
with tumors, but is the primary calcitonin
obtained in stimulated samples. The predomi-



8. MEDULLARY CARCINOMA OF THE THYROID

Figure 8.5. Location of C cells and calcitonin con-
tent in normal thyroid. Numbers inside refer to cal-
citonin content while numbers outside refer to C cell
population by immunocytochemistry. Reprinted, by

nance of biologically inactive product may help
to explain the relative infrequence of bone
mineral abnormalities in affected subjects.33-34
Radioreceptor assays using bone and renal cell
membrane displacement, cyclic AMP produc-
tion, or both have yielded important physiolog-
ic information, but have not yet proven to be
practical in the assessment of clinical disease.3!
Calcitonin is the specific product of the thy-
roid C cells (parafollicular cells), although
immunoperoxidase staining has localized cal-
citonin in pituitary, lung, thymus, liver, and
bladder; and calcium-lowering activity has
been found in parathyroid, thymus, and adrenal
medulla. Whether or not calcitonin is actually
produced in these locations has been the
subject of debate, as it could be that simple
adsorption may occur. This phenomenon may
have some importance when elevated calcito-
nin is noted postoperatively in patients who
have had surgery for medullary carcinoma.?®
In man, under normal physiologic condi-
tions, calcitonin has been shown to inhibit
osteoclastic bone resorption. Bone density
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permission from Wolfe, Noekel, and Tashjian,
cateritonzin-containing all distribution in thyroid. J
Clin Endo Metab 1974;38-688. Copyright by The
Endocrine Society, 1974.

may be affected by total thyroidectomy, 1-131
ablation of the thyroid, and chronic severe
hypercalcitoninemia,33 although none of these
seem to be clinically important. In the kidney,
calcitonin increases renal tubular wasting of
calcium, phosphate, sodium, potassium, and
magnesium. In the bowel, calcitonin decreases
gastric and gastric acid secretion and increases
small bowel secretion of sodium, chloride, and
water. This may contribute to the diarrhea
seen in medullary carcinoma. Physiologically,
calcitonin secretion is regulated primarily by
calcium; it is stimulated by high calcium con-
centrations and inhibited by low calcium levels
(Table 8.1). Secretagogues for calcitonin re-
lease of uncertain physiologic importance
include gastrin and biogenic amines (alpha-
adrenergic stimulatory and beta-adrenergic
and dopaminergic inhibitory effect). Somatos-
tatin, which is colocalized in C cells with calci-
tonin, may play a paracrine inhibitory role. Cal-
citonin is generally present in higher levels in
men, neonates, children, and pregnant and
lactating women, and declines slightly with
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Table 8.1. Calcitonin responses to calcium and pentagastrin stimulation in normal subjects

Calcitonin value-(pg/ml)

Calcium infusion*

Pentagastrin injection?

Group Basal 5 min 10 min Basal 1.5 min 5 min
Men (N = 18)
Meani 7 43 25 7 25 21
Median 7 58 50 6 19 19
Range 3-19 6-190 3-150 <2-19 4-260 2-170
Women (N = 37)
Meani 3 10 8 3 5 4
Median 3 9 9 3 5 4
Range <2-16 <2-130 <2-130 <2-11 <2-33 <2-24

Reprinted, by permission, from Gharib, H., Kao, P.C. and Heath, H., 1987(92).

advancing age. The marked hyperstimulatabil-
ity found with synthetic gastrin (pentagastrin)
and calcium have formed the basis for stimula-
tion studies that led to the recognition of the
premalignant entity C cell hyperplasia and,
therefore, to the earlier detection and cure of
medullary carcinoma in a familial setting (see
below).36 Calcitonin is elevated in all cases
of clinically palpable medullary carcinoma;
however, in smaller tumors and C-cell hyper-
plasia, basal levels may be normal. In these
instances, only stimulation will divulge pa-
thology.

Calcitonin levels are also increased in renal
failure, in which clearance, especially of the
large molecular weight form, is diminished. In
pernicious anemia and in Zollinger-Ellison
syndrome, calcitonin may be elevated, perhaps
in response to chronic elevations of gastrin.
In acute gastrointestinal bleeding, acute pan-
creatitis, regional ileitis, cirrhosis, and hepato-
cellular carcinoma, calcitonin may also be
inexplicably elevated. In acute and chronic
pulmonary disease, calcitonin levels are in-
creased, which is possibly being secreted by pul-
monary endocrine K (Kulchitsky) cells.37:38 In
hyperparathyroidism, small increases in basal
and stimulated calcitonin have been ob-
served, although in most of the other phe-
nomena that cause chronic hypercalcemia this
has not usually been noted. In some patients
with hypercalcemia of malignancy, calcitonin
may be elevated; but it is speculated that calci-

tonin may in this situation be directly secreted
by the tumor itself. Basal calcitonin levels two
to three times normal without hyperstimu-
latability have been seen in patients with
hyperthyroidism, as well as in those with
hypothyroidism.*® Body*! et al. reported the
cases of five seemingly normal men with ele-
vated basal and stimulated immunoassayable
calcitonin, which did not parallel standard dilu-
tion curves, and which was abolished by prior
silica extraction of their serum. They speculate
that unusual individuals may have circulating
high molecular weight, biologically inactive
forms of calcitonin that are slowly cleared.
These patients, however, were not subject to
surgical intervention; hence there was no abso-
lute confirmation that their C cells were indeed
normal.

Calcitonin has been shown unequivocally to
be produced “ectopically” in non-medullary
tumors. Tumors noted to be associated with
ectopic secretion of calcitonin include APUD-
cell derived tumors, especially small cell carci-
noma of the lung, in which elevated calcitonin
may be noted in as many as 75% of cases, often
with levels as high as those seen in medullary
carcinoma. Other tumors in which this phe-
nomenon has been reported include pancreatic
islet cell tumors and carcinoid.4? Non-APUD
cell tumors that have been associated with ele-
vated calcitonin include non-islet cell tumors of
the pancreas, breast, prostate, colon, stomach,
esophageal, uterine, and bladder cancer.43-4>
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In most cases, the serum calcitonin concentra-
tion could not be further increased by calcium
or pentagastrin stimulation, but in a few cases,
notably those of Coombes*® and Haansen*?,
significant increases above baseline did occur.
This has caused speculation that, at least in
some cases, elevated calcitonin is a manifesta-
tion of chronic calcium release from occult
bone metastases, and is therefore really of
thyroidal origin; that selective venous cathe-
terization reveals a hormone gradient from
the thyroid bed strengthens this argument.48
Calcitonin has been extracted from tumors,
and most importantly, calcitonin release from
tumor cells has been demonstrated in
vitro.49-50 Becker et al.3’ emphasized that thy-
rocalcitonin of medullary carcinoma origin
may be more heterogeneous in molecular
weight than calcitonin produced by other
disorders. He and others differentiated the
two sources of calcitonin using an antiserum
directed at the carboxy terminal of the mole-
cule. Medullary carcinoma calcitonin is uni-
versally recognized, whereas the hypercal-
citoninemia caused by other nonthyroidal
malignancy, especially lung cancer, is better
recognized by a midportion antiserum.5! This
differential testing is cumbersome and not prac-
tical for most cases, but may have value in the
unusual situation in which there is doubt of the
origin of calcitonin, especially preoperatively
in a nonfamilial case of the disorder.

Additional Secretory Products

Medullary carcinoma, along with other
“APUD cell tumors,” may secrete a variety of
peptide hormones in addition to its normal
cell product, calcitonin. DOPA-decarboxylase
and histaminase, a diamine oxidase, are fre-
quently detected in both primary tumor and
metastases. Histaminase is only detected in
carcinoma, not in normal C cells or C-cell
hyperplasia.>> Some studies have suggested
that the proportions of the normal product,
calcitonin, DOPA-decarboxylase, and histami-
nase may have prognostic significance,> (vide
infra). Most of the peptide secretory products
are chemically silent, but ectopic production of
ACTH has been responsible for Cushing’s
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syndrome;>*55 and VIP and prostaglandin
production in addition to calcitonin excess
itself have been implicated in the diarrhea that
is often seen, especially with large tumor
burdens.’6-59

Chromogranin, a soluble peptide which is
co-stored and co-released by exocytosis with
catecholamines from the adrenal medulla, is
nearly universally detected in human poly-
peptide hormone producing tumors, includ-
ing medullary carcinoma.% One case of C cell
hyperplasia was positive in the original series,
and one case of medullary carcinoma was
negative for calcitonin staining, but positive
for chromogranin.®! In vitro, phorbol esters
simultaneously stimulate RNA for both chro-
mogranin and calcitonin in medullary carcino-
ma and lung carcinoma cells.%? Other peptides
detected in medullary carcinoma by immuno-
histochemical staining include cytokaratin
(100% of tumors studied), CGRP (calcitonin
gene-related peptide) (92%), CEA (77%),
neuron-specific enolase (75%), and Vimentin
(53%). Variable smaller numbers of tumors
contained neurotensin, somatostatin, neuro-
filaments, bombesin, alpha human chorionic
gonadotropin (hCG), and serotonin.%3

In rat medullary carcinoma CGRP, an alter-
nate product of the calcitonin gene, is pro-
duced. CGRP mRNA is released in vivo be-
cause of a defect in transcript processing.®*
Unlike calcitonin, CGRP seems to be unre-
sponsive to calcium stimulation,% making it
unreliable as a preliminary diagnostic tool,
although it may be useful in following up some
tumors that have relatively weak calcitonin
secretion. Similarly, PDN-21, a 21-amino acid
carboxy terminal-adjacent peptide produced
from human calcitonin precursor mRNA has
also been measured® in many normal subjects;
its level increases after calcium infusion, with a
greater response found in males than in
females. No normal subjects, but some sub-
jects genetically at risk for medullary carcino-
ma, hyperresponed to calcium stimulation.

Gastrin-releasing peptide (GRP), a 27-
amino acid mammalian homolog of the amphi-
bian 14~amino acid peptide bombesin is widely
distributed in the lung, brain, and GI tract;
where it modulates sympathetic and parasym-
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pathetic functions in neuronal cells, and stimu-
lates the release of many hormones, including
gastrin, glucagon, and growth hormone. It has
been implicated as a growth factor and as a fac-
tor in the development of neoplasia in pul-
monary neuroendocrine cells. Sunday et al.®?
found 20-fold greater levels of this peptide in
neonates, with a strong correlation with caici-
tonin levels. Most neonatal cells are positive
for GRP, although only about 5% to 18% of
normal adult cells contain this activity. In the
cases of C cell hyperplasia and medullary carci-
noma, more GRP is identified, lending support
to the idea that it may play a role in the growth
or neoplastic formation of these cells. The
GRP receptor has been shown to be func-
tionally coupled to the P-21 product of the
RAS oncogene.58

Sikkri et al.%? studied 25 cases of medullary
carcinoma with immunocytochemical and histo-
chemical stains. All tumors reacted to CGRP
and PDN 21 stain, sometimes more strongly
than to calcitonin antiserum. Somatostatin and
bombesin activity were weak or inconsistent
markers. As a general marker of neuroendo-
crine neoplasia, Grumelius argyrophil silver
staining and the stain for chromogranin A were
more consistent than neuron-specific enolase
isoenzyme immunoreactivity.

In vivo however, GI hormones, including
vasoactive intestinal peptide (VIP), gastrin,
glucagon, insulin and pancreatic polypeptide,
bear little relationship to tumor burden or
prognosis, nor are they correlated with the
presence of diarrhea.5’

Prognostic Features

It had been hoped that the in vivo biologic
virulence of tumor could be predicted by either
histologic characteristics of tumor or differen-
tial staining of the tumor (perhaps reflecting
dedifferentiation) for various products. Baylin’s
group>3 felt that homogeneous, intense calci-
tonin staining characterized tumors with an
indolent course, while more aggressive tumors
had patchy, less diffuse calcitonin staining with
more heterogeneity, including more staining
for DOPA-decarboxylase and histaminase.
Using the density and homogeneity of calcito-
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nin staining as the sole marker, Saad et al.”®
reached a similar conclusion. Markedly ele-
vated or rising CEA levels in both tumor and
serum have been associated with a less favor-
able prognosis than those with low or stable
levels of CEA.71.72 More recently, however,
Schroeder et al.%3 demonstrated that prognosis
was not found to be related to histologic fea-
tures such as dominant architectural pattern,
cellular shape, presence of amyloid deposits,
or immunocytochemical stains for a variety of
peptides.

Cytometry

Analysis of DNA content and nuclear cell
phase distribution by several methods has been
employed in evaluating tumor prognosis in a
variety of malignancies. Recently, small num-
bers of thyroid cancers have been studied,
including a very few medullary carcinomas.
Although the conclusions have not been con-
sistent, the most recent reports suggest that
these exists a definite role for this modality.

In 1983, Tangen” studied 10 medullary car-
cinomas by flow cytometry and concluded that
the percentage of cells in S phase was higher
than in follicular carcinoma, but lower than
in anaplastic carcinoma. DNA histography
showed diploid or hyperdiploid patterns that
were not correlated with survival rates in five
medullary carcinoma of the thyroid tumors
subjected to simple cell cytophotometry by
Bengtsson et al.”* The only patient with recur-
rent or metastatic disease had a hyperdiploid
pattern. In Kramer’s 1985 report,” four pa-
tients with medullary carcinoma of the thyroid
were included, of whom only one showed
aneuploidy; one patient with extensive metas-
tases and a diploid DNA content revealed
nonetheless a high proliferative activity.
Backdahl?¢ analyzed 32 tumors and found that
DNA content as determined by cytopho-
tometry correlated to age, tumor size, inva-
sion, or metastases. Knowledge of DNA con-
tent yielded a predictive value equivalent to
that of postoperative clinical information and,
when added to this information, significantly
increased prognostic accuracy. In Schroder’s
1988 series, 25 patients with medullary carcino-



8. MEDULLARY CARCINOMA OF THE THYROID

125

Feature Hereditary Sporadic
Cases 58 in 8 families 24
M-F ratio 22:36 11:13
Others in family affected Yes No

Pathologic features
perplasia

Bilateral in 40/41; associated C cell hy-

All unilateral; no C cell hyperplasia

Other endocrine involvement

Part of MEN-2 syndrome

Not part of MEN syndrome

Parathyroid 9in 4 families

Adrenal medulla 6 in 4 families

Ectopic ACTH production 2 in 2 families

Associated malignancy Pancreas in 3

Mucosal neuromas 0 in this series

Age of onset in cases prior to serum calcitonin
assay, yr

36 (average) in 20 cases (20-67)

0
0
0
0
0
5

0 in 24 cases (22-74)

Curability by surgery based on serum calcitonin

assay (17%)

23/23 nonpalpable (100%); 3/18 palpable

9/20 (45%). all palpable

Surgical approach

Total thyroidectomy

Total thyroidectomy may not always be
necessary

Average life expectancy, yr

50 in 20 cases (44 in those 4 families with
pheochromocytomas)

66 in 7 cases

Associated mental illness 14

3

Figure 8.6. Comparison of hereditary and sporadic
varieties of medullary thyroid carcinoma. Re-
printed, by permission, from Block, MA et al, 1980.

ma of the thyroid were analyzed: 20 with flow
cytometry, 11 with cytophotometry, and 6 with
both. In cases in which both methods were
used, the results were similar. A benign course
was twice as frequent among patients whose
tumors had normal DNA content compared to
those patients whose tumors had higher DNA
content. Examining cell cycle phase yielded
even further information.

The Mayo Clinic”? retrospectively analyzed
110 familial and sporadic medullary carcinoma
of the thyroid tumors resected from 1948 to
1986, with a mean follow-up of 12.3 years.
Flow cytometry data revealed that nondiploid
DNA was associated with older age, sporadic
disease, local invasion, and advanced tumor
stage; death from medullary carcinoma of the
thyroid occurred in 42% of nondiploid versus
only 10% of diploid tumors. Of the fatal di-
ploid tumors, 56% had more than 15% S-phase
fraction.

In 1970 McLeod et al.”® summarized pre-
vious series of medullary carcinomas. They
believe that flow cytometry might not be as
accurate as single nuclei cytophotometry. They
calculated that approximately 40% of medul-
lary carcinomas of the thyroid are diploid, with
a 22% survival, while 20% to 80% are aneu-
ploid (mean 35%), with 44% patient deaths.

(13) Copyright 1980 by the American Medical Asso-
ciation.

Familial Syndromes

Medullary carcinoma may occur in either a
sporadic or familial form (Fig. 8.6). Pathologi-
cally, the latter is distinguished by its uniform
bilaterality, the consistent association of C cell
hyperplasia, and the frequent presence of
pheochromocytoma, parathyroid adenoma, or
hyperplasia.!® In about 20% of cases of pre-
sumably sporadic disease, there are bilateral
tumors.” In these cases, it is not clear whether
this finding represents undetected familial
disease, intrathyroidal spread, or true multi-
centric origin of the tumor. In hereditary
medullary carcinoma of the thyroid, the aver-
age age of recognition before calcitonin stim-
ulation was available was 36 years, compared
with 50 years for the sporadic type.13 However,
this figure drops dramatically as more frequent
screening of families is performed (see below).

Familial medullary carcinoma, which is in-
herited as an autosomal dominant trait, may
present in three distinct forms that are distin-
guished by the frequency and type of associ-
ated lesions. In MEN-2A, medullary carcinoma
is 100% expressed and hyperparathyroidism
occurs in 34%, and pheochromocytomas in
33% to 50% of cases, depending upon the
family (Fig. 8.7). Since the pheochromocytoma
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Figure 8.7. A typical kindred of MEN 2A. Re-

printed, by permission, from Cance WG and Wells

may be clinically silent but potentially fatal
during anesthesia, catecholamines should be
measured in all patients prior to neck surgery.
If pheochromocytoma is found, it must be
cured first before surgery is attempted. The
medullary carcinoma in this situation is mod-
erately aggressive. In Well’s series,®0 17% of
medullary carcinoma patients died of cancer.
Clinically palpable lesions may not be present
until the second or third decade of life, but C-
cell hyperplasia may be found on stimulation in
children as young as 13 years, thus offering the
possibility of a cure.

Two families with MEN-2A have recently
been described8! in which cutaneous lichen amy-
loidosis was described in some but not all
affected family members. These raised, firm,
papular, pigmented, pruritic lesions occur on
the back, leg, arm, or thigh; on pathologic ex-
amination they reveal amorphous material that
stains positive on Congo red or crystal violet
and is located at the dermal-epidermal junc-
tion. Keratin stains are positive while stains for
calcitonin are negative. No evidence of renal
dysfunction or systemic anyloidosis has been
found.8!

Jackson et al.82 have also reported two un-
usual consequences of medullary thyroid car-
cinoma. Endogenous depression, amenable to
tricyclic antidepressant therapy, was seen in
nineteen patients with hereditary, and seven
patients with sporadic medullary thyroid car-
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SA Jr, Multiple endocrine neoplasia type IIa. Curr
Probl Surg, 1985;22(5):1.

cinoma. In several, there was improvement
after total thyroidectomy, suggesting medica-
tion by a tumor-produced biogenic amine.
That this was not a reactive depression was
suggested by its presence in family members
without medullary thyroid carcinoma. In addi-
tion, two patients with medullary thyroid carci-
noma were reported with nephrotic syndrome
secondary to renal amyloidosis; the amyloid
deposition stained positive for calcitonin.

MEN-2B is characterized by medullary car-
cinoma, pheochromocytoma in 90% of cases,
and a relatively lower incidence of hyperpar-
athyroidism. Classic findings include mulitiple
mucosal neuromas involving the lids, eyes,
tongue, and pharynx (Fig. 8.8), gangleoneuro-
matosis of the gastrointestinal tract, and a Mar-
fanoid body habitus. Long, thin extremities,
decreased body fat, and poor muscle develop-
ment are all noted. The GI lesions may lead to
megacolon. This syndrome may be familial or
sporadic, presumably due to new mutation.
The medullary carcinoma in this setting is more
virulent and may develop before one year of
age. Five year disease-free survival is less than
35%, even with relatively early detection. The
body habitus and mucosal lesions should alert
clinicians to search for early lesions, particular-
ly in childhood.?3

Farndon et al.®* reported on two large fami-
lies in which medullary carcinoma was in-
herited as an autosomal dominant trait with
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Figure 8.8. Multiple neucrofibromas of the lips and
tongue that undoubtedly were a manifestation of
von Recklinghausen’s disease. Reprinted, by per-

no associated endocrinopathy. These patients
tended to present later in life, even if detected
by biochemical stimulation (mean age =43,
compared to age 21 in MEN-2A). The med-
ullary carcinoma seems to be more indolent,
with few deaths reported.

By contrast, sporadic medullary carcinoma
seems to be more aggressive (though less so
than type 2B); it presents later in life with a
palpable mass and an 80% frequency of metas-
tases at the time of diagnoses. (see Table 8.2
for a comparison of the characteristics of the
variants of famial men.)

As it may be impossible to determine clini-
cally whether an index case is sporadic or
whether it represents the propositus of a new
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mission, from Carney JA, Sizemore GW, and
Hayles AB, 1978. (93)

family, all of the first degree relatives should be
studied with stimulated calcitonin tests.

Screening Studies

Screening studies have assumed an important
role in primary prevention in medullary carci-
noma. After Sipple first reported the associa-
tion of medullary carcinoma, pheochromocyto-
ma, and hyperparathyroidism in 1961, many
families were discovered,? suggesting an auto-
somal dominant trait with incomplete pene-
trance. With the availability of a calcitonin
radioimmunoassay in 1971, Tashjian et al.15:86
reported screening the large “J” kindred, uti-

Table 8.2. Authors’ experience with medullary thyroid carcinoma, 1972 to 1986

Mean age in years

No. at diagnosis Ratio of males No. dead from
Category of MTC patients (range) to females MTC (%)
MEN-IIa 122 27+1.2(6-71) 62:60 21 (17)
MEN-IIb 10 16 3.5 (7-36) 4:6 5 (50)
Familial non-MEN 41 45+2.4(15-72) 21:30 0 O
Sporadic 27 44 + 2.8 (19-69) 13:14 8 (30)

Reprinted, by permission, from Wells, S.A., Dilley, W.G., Farndon, J.A., et al, 1985 (110) Copyright 1985, American

Medical Association.
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Table 8.3. Relationship of method of diagnosis to pathologic staging of MTC

Group 1 Group 2 Group 3
Number of patients 32 8 50
Mean age at diagnosis 20.5+1.9 32.5+4.7 343+2.0
Regional lymph node metastases 222 (9%) 3/6 (50%) 17/24 (71%)
Elevated postoperative stimulated CT levels 4/26 (15%) 2/8 (25%) 15/26 (58%)

Reprinted, by permission, from Wells, S.A., Jr., Baylin, S.B., Gann, D.S., et al. Medullary thyroid carcinoma; Rela-
tionship of method of diagnosis to pathologic staging. Ann Surg 1978; 188:377-383.

Table 8.4. Plasma calcitonin and prognosis in MTC

Regional Postoperative
Number Preoperative lymph node CT Distant

of CT metastases* (>300 pg/ml) metastases Death
Group patients (pg/ml) (%) (%)* (%) (%)
1 25 250-1,000 1 (4) 1 4 0 0
2 36 1,000-5,000 3 (8.3) 6 (16.7) 0 0
3 8 5,000-10,000 1 (25 1 (12.5) 0 0
4 23 >10,000 13 (57) 14 (61) 4(17) 2(8.7)

Reprinted, by permission, from Wells, S.A., Jr., Baylin, S.B.

, Lineham, W.M., et al, Provocative agents and the diagno-

sis of medullary carcinoma of the thyroid gland. Ann Surg 1978;188:139-141.

lizing calcium stimulation. These studies again
confirmed the autosomal dominant mode of
inheritance. Of 12 patients whose mean age
was 38 years and whose medullary carcinoma
was detected before becoming clinically overt,
7 had already metastasized, emphasizing the
need for extremely early detection. C-cell
hyperplasia that was felt to be premalignant®’
was found in 3 patients in the initial report. In a
follow-up study of the same family published in
1988,88 it was noted that with the institution of
yearly screening, the next 23 cases of the dis-
ease were detected at mean age of 11.8 years
and at an earlier stage of the disease—13 with
C-cell hyperplasia and 9 with C-cell hyperpla-
sia and microscopic medullary carcinoma (one
false positive). Of the original 12 subjects, 6
were free of disease at 15 years, including 2
who had originally presented with neck nodes.
None of the patients detected by serial testing
have died; all are clinically disease-free and
none have hyperresponded to secretagogues
after total thyroidectomy was performed.
When survival curves are reviewed an inverse
correlation between mortality and the age of

diagnosis (Table 8.3) and concominantly the
extent of disease (Table 8.4).

In the Netherlands, Vasen et al.8 have fol-
lowed fifteen kindreds since 1975 by using
similar screening methods. They note that
prior to screening, the average age of death
from pheochromocytoma was 34.9 years and
for medullary carcinoma, 49.2 years. Since
screening has been performed, this has grad-
ually increased, and total cures have become
more common. In patients treated after clinical
medullary carcinoma was apparent, 72% had
metastatic disease at the time of the thyroidec-
tomy and the cure rate as assessed by stimu-
lated calcitonin was 11%. Patients found on
initial screening of the family to be without clin-
ically apparent disease had a 33% incidence
of metastases and a 57% cure rate, whereas
patients who initially had a negative calcitonin
response and later converted to positive, had
no metastases and a 100% cure rate.

When a new case of medullary carcinoma is
detected, all first degree relatives should be
screened, since one is never certain if this is an
index case to a previously undetected family.
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Figure 8.9. e: pentagastrin, +: Ca gluconate, O:
pentagastrin only, A: Ca gluconate only. Re-
printed, by permission, from Wells SA Jr, Baylin

The need for screening is particularly urgent if
the propositus has bilateral disease, associated
C-cell hyperplasia within the thyroid, or associ-
ated endocrinopathy.

Several groups of investigators have com-
pared a variety of secretagogues for use in de-
tection studies, including calcium by infusion®®
or bolus injection,® pentagastrin,®? or a com-
bination of the two,%? which may produce the
lowest incidence of false negative responses
(Fig. 8.9). Other secretagogues, including
glucagon,®* ethanol,® or thyrotopin-releasing
hormone (TRH),% also stimulate the C-cells,
but not with enough consistency to rely upon
them for early detection studies.

Associated Endocrinopathy

Associated endocrinopathy should be sought in
all subjects.®7-%8 Tashjian and his group® em-
phasized the reliability of 24-hour urine epine-
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SB, Lineham WM, et al., Provocative agents and
the diagnosis of medullary carcinoma of the thyroid
gland. Ann Surg 1978;188:139-141.

phrine secretion (normal = less than 25 ug in
24 hours), and urine epinephrine-to-norepine-
phrine ratio (normal = less than 0.62) to ex-
clude pheochromocytomas. These assays were
more sensitive than other methods of measure-
ment of catecholamine secretion; yet there
was one false negative (detected by methy-
liodobenzlguanidine (MIBG) scan). Adrenal
medullary hyperplasia was not uniformly de-
tected. Other authors® note that MIBG may
reveal functional abnormalities before anato-
mic changes occur. Magnetic resonance imag-
ing (MRI) reveals ectopic tissue in the para-
aortic and caval planes while outlining the
adrenals and defining pheochromocytomas
with an increased signal on T,-weighted im-
age. Although this group opts for unilateral
adrenalectomy if at surgery only one gland is
found to be involved, the 50% to 70% inci-
dence of recurrent contralateral pheochromo-
cytoma in a situation in which it is known that
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there is preexisting hyperplasia has led others,
notably the Mayo Clinic group, toward initial
bilateral adrenalectomy, the hazards of Addi-
son’s disease notwithstanding.®” The dangers
of untreated pheochromocytoma include
arrhythmias, catecholamine crisis, and sudden
death. It is fortunate that in the group followed
by Tashjian these are not reported to have
occurred prior to surgical intervention.

Steinart et al.8> note that at least one quarter
of patients with familial pheochromocytoma
have medullary carcinoma. Therefore, in a
new case of pheochromocytoma, as in a new
case of medullary carcinoma, there should be a
search for associated medullary carcinoma and
hyperparathyroidism, as well as for familial
disease. Parathyroid disease, generally hyper-
plasia or adenomatous hyperplasia in MEN-2,
had been assumed to be a primary part of
this syndrome, part of the inherited disease
process. It is present in a variable degree in
kindred in 2A or 2B, rather than occurring in
response to hypercalcitoninemia and possibly
minimally lower calcium levels. The fact that
no cases of hyperparathyroidism were noted in
the cases of 2A or found early in screening stu-
dies, challenges this assumption. The authors
suggest that the failure to develop parathyroid
disease after ten years of follow-up may be
ascribed to either the young age of the pa-
tients, the practice of removal of one or more
inferior parathyroid glands at the time of total
thyroidectomy, or the removal of the thyroid
(possibly eliminating a source of a parathyroid
growth factor or stimulant).88

Disease Probability Statistics

With more families being evaluated, Gagel et
al.1% calculated the probability of develop-
ment of medullary carcinoma in a genetically
predisposed individual with a normal stimu-
lated-calcitonin level. Based on 445 members
of eleven families, a formula was derived
(Figs. 8.10 and 8.11) to predict subsequent risk.
It was noted that 50% of the conversions from
negative to positive tests occurred before the
age of 12, and that 90% of patients had con-
verted before age 25. No conversions were re-
ported after age 40. Amplifying on these statis-
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Figure 8.10. Reprinted, by permission, from Gagel
RF, Jackson CE, Block MS, et al., 1982. (100).
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Figure 8.11. The probability of subsequent conver-
sion (development of disease) for an individual at
50% rise who had a negative provocative test result
at a given age. Reprinted, by permission, from
Gagel RF, Jackson C, Block MS, et al., 1982. (100)
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Figure 8.12. Probability of detection of MEN 2a
gene carrier with age. Reprinted, by permission,
from Ponder BA, Coffey R, Gagel RF, et al., 1988.
(101)

tics using the medullary thyroid group registry,
Ponder et al.1%! have suggested strategies for
the assessment of individual and family risk.
They note that only about two thirds of all
MEN-2 gene carriers will present clinically by
age 70, whereas over 90% could be detected by
age 30 on screening studies (Fig. 8.12). Further,
they note that in practice, only one half of first
degree relatives and only a few second degree
relatives of affected individuals are screened.
This may lead to incorrect assumptions based
on negative clinical assessment. They further
emphasize the lack of reliability of basal calci-
tonin as a measure of involvement. Because
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clinical disease may not present until patients
are older, even in familial cases; it is felt un-
safe to assume that transmission of the gene
by elderly ancestors who are apparently un-
affected is a rare event. Likewise, because of
incomplete penetrance, one cannot assume
that a particular instance of the disease is spor-
adic, based on either the advanced age of the
patient at diagnosis or the fact that the parents
are apparently unaffected. The authors rec-
ommend that specimens from all medullary
carcinoma patients be searched carefully for
C-cell hyperplasia by immunocytochemical stain.
They further recommend that the parents of all
cases be screened, and if they are not avail-
able, that all siblings be screened. If neither
parent (over the age of 40) is positive, the
probability of familial disease is only 1.7%. If
only siblings are available for testing and all are
negative, then the risk of familial disease is
4.8%. Thus, the children of the new case in
question would be at minimal risk. The possi-
bility that the index case is a new mutation for
familial disease, however, suggests that chil-
dren should be screened, particularly if the
proband presented at a young age (since the
proportion of familial to truly sporadic cases
declines with age), and certainly if there is
associated C-cell hyperplasia pathologically.

Therapeutic Modalities
Surgery

The treatment of medullary carcinoma of the
thyroid should consist of a total thyroidectomy
in all cases, since a presumed sporadic case
may be an index case in a new family. Since
local recurrences may ultimately prove fatal,
aggressive and meticulous surgery is required.
Central neck node dissection should be per-
formed with removal of all nodal tissue from
the hyoid bone superiorly, to the innominate
vessels inferiorly, and to the internal jugular
veins laterally. This procedure may yield up to
50% positive nodes. New jugular nodes should
be sampled, and modified neck dissection
should be performed if positive nodes are
found.80

In patients with residual or recurrent disease
manifested with elevated calcitonin levels,
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careful reoperation may result in normalization
of calcitonin levels and presumably longer
survival or cure. Tissel'%? reported that in 11
patients who were reoperated on a mean of
3.3 years after initial thyroidectomy, microdis-
section lasting 8 to 12 hours was performed
with the goal of removing residual lateral and
superior anterior mediastinal lymph node
metastases. Four cases had normal calcitonin
results, even after pentagastrin testing post-
operatively. Patients with unilateral disease did
well, while patients with large infiltrating
tumors and large nodal metastases did not
generally normalize their calcitonin levels.
Although in many centers, surgical procedures
are performed repeatedly when there is evi-
dence of residual disease, there is no proof that
this approach ultimately prolongs survival.103
Certainly, relief of obstructive symptoms
should always be sought, and palpable or easily
visible tumors may be resected again. In some
situations, surgical debulking may effectively
improve symptoms caused by hormone pro-
duction; for example, diarrhea and ectopic
Cushing’s syndrome.

Detection of Residual Disease

When hypercalcitoninemia persists after ag-
gressive surgery, there is the presumption that
residual disease is present, generally with the
calcitonin level reflecting the mass of tumor
burden. In a few patients, postoperative hyper-
calcitoninemia gradually declines, suggesting
either autonecrosis of tumor, delayed clear-
ance of large molecular weight calcitonin, or in
some cases, more virulent, less well differenti-
ated tumor.1%* When elevated calcitonin levels
persist, localization studies may have implica-
tions for further therapy and for prognosis.

In 1985, thallium/technetium scans were
found to localize residual disease in the neck,
superior mediastinum, liver and lungs in 5 of 10
patients with elevated calcitonin postopera-
tively's in one study, but in only 1 of 6 patients
in another series.!% Uptake of radiolabeled,
monoclonal antibodies against CEA, combined
with transaxial. tomoscintigraphy gave posi-
tive results in a few patients.!97 MIBG scan-
ning in patients with relatively high levels of
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calcitonin in MEN-II localized residual tumor
in seven of fifteen cases.1®® The other cases
suggest that positive results depend upon
volume and/or secretory activity. Therapy with
1311 MIBG has also been suggested in cases
where uptake is substantial.

In a 1988 study, Clarke et al.1%° compared
DMSA, MIBG, and technetium diphosphon-
ate scanning in nine patients with persistent
elevation of calcitonin postoperatively. Eight
of these patients had metastases visible on
computed tomography (CT) scan. This group
noted that all patients with metastases demon-
strated by CT scanning showed positive DMSA
uptake in both bone and soft tissue metastases,
with 88% of patients detected (94% bone, and
100% soft tissue). One patient with elevated
calcitonin levels failed to show uptake with
DMSA, or localization with CT. MIBG uptake
occurred in only 39% of soft tissue and 10% of
bone metastases, while technetium 99m local-
ized all known bone metastases but no soft tis-
sue metastases (see Table 8.5).

Wells and others suggest selective venous
sampling in all patients with elevated calcitonin
levels in whom localization is not otherwise
demonstrated.!1® After administering 0.6 ug
of pentagastrin per kilogram intravenously,
simultaneous samples are obtained from multi-
ple sites. This modality is costly and invasive,
but offers the advantage of being independent
of the need for large tumor masses to produce
adequate radionuclide for visibility. Certainly,
when reoperation of the neck or mediastinum
is under consideration, the presence of distant
metastases particularly in the viscera, may tem-
per the surgeon’s judgement. MRI scanning
has not been systematically applied to the
study of medullary carcinoma, but undoubted-
ly will be utilized in the future.

After failures of complete neck and medias-
tinal dissection to completely eradicate either
clinical disease or persistent calcitonin eleva-
tion, adjuvant therapy has been sought. The
goal of this therapy may be considered either
complete cure, prevention of rapid growth of
clinically important tumor, or palliation once
residual tumor produces either locally obstruc-
tive symptoms or distant paraneoplastic symp-
toms secondary to hormone production. A
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Table 8.5. Percent metastases identified
[ MIBG [$9mTc]MDP [99mTc](V)DMSA
Soft tissue Soft tissue Soft-tissue
Bone Local Distant Bone Local Distant Bone Local Distant

Lesion 5/52(10%)  0/10(20%) 3/23(13%) 52/52(100%)  2/10 (0%) 0/23(0%) 49/52(94%) 10/10(100%) 23/23(100%)

sensitivity
Overall 10/85(12%) 52/85(61%) 82/85 (95%)

sensitivity

Reprinted, by permission, from Clarke, S.E.M., Lazarus, C.R., Wraight, P., et al, 1988(109). Copyright by The Society of Nuclear

Medicine, 1988.

variety of measures have been attempted, none
with particular success.

Radiation Therapy

Because medullary carcinoma of the thyroid is
not of follicular origin, it does not concentrate
radioiodine; rather, some groups have specu-
lated that significant doses of beta radiation may
be delivered to residual radiosensitive medul-
lary carcinoma cells if adjacent normal thyroid
traps sufficient 1311, particularly when it is
stimulated by high levels of TSH. In 1979,
Hellman et al.lll reported a single case of
medullary carcinoma of the thyroid with res-
idual 131] neck uptake who received 150 mCi
of 1311, amounting to 34,000 rads to the thyroid
bed. Postoperatively and before receiving 131,
calcitonin levels were 800 pg/ml basally, rising
to 1200 pg/ml after calcium infusion, while
three and ten months after 1311 administration,
calcitonin levels were less than 100 pg/ml and
could not be further stimulated by calcium or
pentagastrin. Deftos and Stein!!? reported a
second case with residual 131] uptake in a thy-
roglossal duct remnant; here, 2 courses of
1311 30 mCi (four months postoperatively) and
150 mCi (two years postoperatively) reduced
thyrocalcitonin levels from over 500 pg/ml un-
stimulated, rising to more than 5000 pg/ml
after pentagastrin stimulation to undetectable
levels before and after stimulation.

In contrast, Samaan’s group at MD Ander-
son (Houston, Texas) reported in 1983113 their
results with 131 in 84 patients treated with
surgery alone, as compared to 15 patients with
positive 1311 scans treated with surgery and 1311

in doses of 52 to 200 mCi. When patients with
tumors localized to the thyroid were compared
with these patients, there was no significant
difference between groups in terms of course
of disease, increase of recurrence, or survival
rates.

External radiation was reported to result in
local control of tumor in three of four patients
treated by Steinfeld!14 who initially presented
with enlarging neck masses and cervical adeno-
pathy. These patients were followed from
three to six years until their deaths of metasta-
tic disease. They were considered to be resis-
tant to low doses of radiation therapy.

Tubianall® reporting on the experience at
Villejuif, France, noted that of 72 patients
treated for medullary carcinoma, 26 were
treated with surgery alone, 29 received radio-
therapy which was considered to be prophylac-
tic in 15 and necessary because of incomplete
excision in 14. He noted that while the “most
unfavorable” tumors received radiation ther-
apy, their 20-year survival was 50% compared
to 25% for patients treated with surgery alone.
Eight patients whose tumors were inoperable
were treated with radiation therapy, and lived
6 to 10 years after therapy. Three had incom-
plete tumor regression; one is alive and well
with elevated calcitonin levels postoperatively;
in two, radiation therapy was considered in-
effective. Eight patients were also treated for
bone metastases; one had a complete remission
and four experienced “significant palliation.”

Once again, the MD Anderson group!lt
found no difference in survival rates when pa-
tients treated with surgery alone or a combina-
tion of surgery and radiation therapy were
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matched for age and involvement of the thy-
roid gland and cervical nodes, neck soft tissue,
and distant metastases. Fifty-seven patients
had received 2500 to 600 rads over five weeks
because the surgeon thought there was a possi-
bility of microscopic residual disease in the
neck. Because patients with sporadic disease
were found to have more extensive disease at
the time of diagnoses as compared with patients
with familial disease, more were included in
the group that was treated with radiation ther-
apy (52 vs. 5). Again, because of the younger
age and earlier stage of disease at diagnosis,
MEN II patients (A & B) survived longer than
sporadic cases (see Fig. 8.1). Yet when sub-
groups of comparable disease extent were com-
pared, there was no improvement, and in fact a
worsening in survival rates in those patients
given radiation therapy as compared with those
treated with surgery alone. Thus, the rec-
ommendation for 13I or external beam radio-
therapy in postoperative medullary carcinoma
is certainly not standardized at this time.
Attempts may be made to relieve locally ob-
structive symptoms that are not amenable to
surgery, but routine radiation therapy is not
considered necessary or useful.

Chemotherapy

Until recently, chemotherapy for medullary
carcinoma has been considered ineffective, but
many patients have been treated with a variety
of agents in attempts to palliate advanced
disease. Adriamycin and CIS-platinum used
separately were reported!!? to be ineffective in
13 patients treated at Duke. In a 1985118 series
from Mt. Sinai (New York), one patient with
medullary carcinoma of the thyroid treated
with a combination of both agents showed a
brief partial remission.

Using a cell line derived from human medul-
lary thyroid carcinoma cells in vitro, Goretzki
et al.l!® noted that the addition of Nerve
Growth Factor enhanced cell proliferation and
caused an increased sensitivity to doxorubicin
in vitro. This agent has not yet been included in
current in vivo therapeutic trials.

The somatostatin analogue octreatide!20 was
reported to cause partial improvement in three
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patients with medullary carcinoma of the thy-
roid. Symptoms of diarrhea, weight loss, and
malaise improved; calcitonin and CEA levels
decreased by 40% to 80% for as long as 17
months of treatment; however, size could not
be evaluated and eventually all the patients re-
lapsed.

Molecular Biology

The availability of molecular biology tech-
niques has yielded a quantum leap in our
understanding of the neoplasia present in
Multiple Endocrine Neoplasia type II, as well
as offering the incipient theoretical possibility
that genetic markers might be useful for clini-
cal detection of family members at risk.

Using DNA restriction fragment length
polymorphism studies of lymphocyte DNA,
the mutant allele for multiple endocrine neo-
plasia type 2A has been linked to the cen-
tromeric region of chromosome 10.121-123 This
finding has been confirmed in several studies
involving many families of varied genetic back-
ground. The largest cooperative study per-
formed by the members of a French group
studying medullary carcinoma was reported by
Sobol and Rod in the New England Journal of
Medicine in 1989.12* Three genetic probes were
used to study 11 MEN-2A families. The results
of linkage analysis were compared with con-
ventional pentagastrin stimulation. In some
families, linkage studies may not be informa-
tive using presently available probes; secreta-
gogues will continue to be required. In other
families, restriction fragment length poly-
morphism (RFLP) information has identified
the carrier state even before the pentagastrin
test became positive. Theoretically, patients
at extremely high risk genetically could be
screened intensely when very young, thus
allowing surgical interventions to be performed
detecting the most minimal C-cell hyperplasia,
as well as permitting those family members
who have not inherited the carrier alleles to be
spared yearly provocative tests.125.126

Interestingly, in this study two obligate car-
riers were identified who had reached old age
(80 and 86 years) without manifesting either
clinical or chemical evidence for the carrier
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state of medullary carcinoma. This fact alone
underlines the importance of further genetic
information to the offspring of such patients.
Linkage analysis in the French study in 18
families with probes specific for the peri-
centromeric region of chromosome 10 dis-
closed that the genetic mutation for medullary
carcinoma was in genetic disequilibrium with
the marker alleles of the two closely linked
probes, IRBPH4 and MCK2. Families with
and without pheochromocytoma exhibited
genetic homogeneity among groups, suggesting
that the different mutant alleles of the same
gene or closely linked mutations account for
the variation in penetrance of pheochromocy-
toma.?” Thus, there appear to be two sub-
groups of families with medullary carcinoma:
those with either high (62%) or low (4%)
penetrance of pheochromocytoma. The latter
group, previously reported by Fardon et al.,
seem to present at a later age, have less aggres-
sive tumors and a more favorable prognosis.?*
DNA screening of patients with multiple en-
docrine neoplasia type 2B is not yet possible
due to the limited number of families, the small
amount of genetic information available, and
the presence of a number of seemingly new
mutations with this clinical syndrome.
Molecular biologic techniques have also pro-
vided data that elucidates the molecular abnor-
malities underlying the initiation of the growth
of neoplasia and subsequent cellular changes
during tumor progression. Matthew et al.128 re-
ported that there was a loss or marked reduc-
tion in intensity in one of two alleles in a hyper-
variable “mini-satellite” region in chromosome
1 in tumor DNA using a lambda MSI probe in
7 of 14 informative pairs. Because in some
cases the derivation was not from the affected
parent, it was felt that this deletion did not
reflect the site of inherited mutation. As pre-
viously noted, chromosome 10 seems to be in-
herited in linkage disequilibrium with medul-
lary carcinoma in MEN-2A. Expounding upon
this information, Baylin and his group sug-
gest that the classical “two hit series” of
Knudson,'?? as in retinoblastoma, may not be
operant in the case of medullary carcinoma.
Here it is felt that the first hit might not be si-
lent, as in the retinoblastoma model, but rather
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may “confer a growth stimulus on the target
thyroid C cells and adrenal chromaffin
cells.”130 This would then result in generalized
hyperplasia of the entire thyroid C cell and
adrenal chromaffin cell population. The
tumors, medullary carcinoma and pheochro-
mocytoma, then evolve as multifocal clonal
tumors, each tumor coming from a different
cell clone.!® Thus, the original chromosome
10 abnormality would confer it a loss of
suppression of stimulus for hyperplasia. In
the final phase tumorogenesis would result
from an abnormality elsewhere, for example,
the chromosome 1 abnormalities found by
Matthew. In genetic terms, the “second hit”
frequently occurs through “gross structural
changes” such as extensive chromosomal dele-
tions or loss of the entire chromosome, that are
detectable as a “reduction to homozygosity”
for polymorphic DNA markers in the region
involved. Failure to detect a reduction to
homozygosity might be due to a mechanism of
inactivation of the normal allele function that
does not involve the loss of a large segment of
the chromosome involved, such as point muta-
tions, or due to smaller interstitial deletions.
Such a reduction to homozygosity in chromo-
some 10, or loss of chromosome 10, has been
reported to occur in extremely low incidence
by Nelkin et a].13!

Finally, Baylin and his group!3? have also
studied the molecular events that control trans-
cription and RNA processing in medullary car-
cinoma cells. The biology of calcitonin gene
expression is at least partially related to the de-
differentiation of the tumor; the expression of
calcitonin gene-related peptide and relative
loss of calcitonin expression from differential
RNA processing is associated with more poor-
ly differentiated tumors which have in turn
been associated with more aggressive biologic
characteristics.132 Since it is known that cell
signal processing may be affected by exogenous
stimuli, Baylin and his group attempted stim-
ulation with protein kinase C and A. Both of
these produced a partial differentiation of the
cells that was characterized by slowing of cell
growth and increased transcription of the calci-
tonin gene; however, the splicing events for the
gene did not revert to a more normal pattern.
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Conservation of cells by mutated ras genes that
appear to depend upon the activation of the
signal transduction pathway, including protein
kinase C, are known to cause differentiation of
rodent pheochromocytoma and, according to
Baylin, insertion and expression of the v-ras
gene, alteration of the CT gene, RNA splicing
events that are more characteristic of mature C
cells, and the appearance of abundant mature
cytoplasmic neurosecretory granules. In these
cells, these events were associated with sti-

/

Cell
Growth

Neurosecretory
Granules

1989. (132) Copyright 1989, American Medical
Association.

mulation of protein kinase C pathway and with
increased expression of the nuclear oncogene
c-gun, which may act as a transcription factor
for some genes responsive to protein kinase
C-mediated signal transduction events (Fig.
8.13). Baylin postulated that the ras oncogene
may stimulate a pathway of differentiation not
otherwise available for the tumor cell, thus
bypassing a more proximal defect in the nor-
mal signal transduction pathway in the mem-
brane of the tumor cells, such as a defect in a
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receptor coupled to a ras gene protein. They
further speculate that such manipulation in vit-
ro may ultimately have therapeutic usefulness
for modifying the biologic behavior of tumors
in vivo.132

Medullary carcinoma represents a fascinat-
ing entity for molecular biologists. In its fami-
lial form it can be detected chemically before
clinically apparent disease is present; in the
near future, genetic markers may allow detec-
tion in utero or at birth and genetic engineering
may allow modification of its virulence once its
presence is detected.
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