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Cancer of the thyroid gland may be a less common condition than carcinoma of the
breast, lung, or colon, but it occurs with sufficient frequency to constitute a major
problem that is of concern to general practitioners, physicians, and particularly sur-
geons. Some idea of the frequency of thyroid carcinoma is given by its incidence in the
United States. Every year some 26,000 patients are diagnosed there as suffering from
thyroid cancer. Comparable figures apply to most countries in Europe although the inci-
dence does vary somewhat from country to country, perhaps depending on the endoge-
nous iodine intake. Of the 21,000 patients diagnosed annually in the United States, two
thirds will be women, and some 800 will die of the disease during the year.

This book should do much to improve the outcome in the treatment of thyroid cancer.
First because it is written by a small team of experts of international repute. Secondly
their wide experience of the condition allows them to write with authority and thirdly
they express their views in clear and commendable English.

There is no evasion of the difficulties that confront those who have to treat thyroid
cancer. The condition usually declares itself by the appearance of a lump, often very
small, in the patient’s neck. The general practitioner who is usually the first port of call
for the patient seldom has the facilities to investigate the matter further, but it is essen-
tial that he or she is familiar with the further diagnostic steps that must be taken. This
knowledge brings increased interest to the general practitioner’s professional life and
allows him or her to support the patient on the long path the patient will have to follow
in the weeks or months to come.

At last we have in this book a really authoritative, comprehensive and very readable
book on a condition that all members of the medical profession are likely to encounter at
some time in their professional lives. Recent advances in the availability of different
radioisotopes of iodine, new techniques for the imagining of these isotopes and for the
rapid measurement of thyroid hormones and thyroid autoantibodies have revolutionized
the diagnosis and management of cancer of the thyroid gland.With our enhanced under-
standing and knowledge, the prognosis for patients with thyroid cancer has much
improved and will improve even further when the knowledge contained in this book has
been widely absorbed by members of the medical and nursing professions at large. To
these professionals this book will be a delight because there is nowadays very little dis-
agreement as to what is the best and most effective way to treat thyroid cancers and these
ways are clearly set out in this highly commendable book.

Sir Richard Bayliss

Foreword

v



Preface

vii

This book is intended for practitioners who manage patients with thyroid cancer and
students who are learning about the disease. It aims to provide practical information
about this diverse group of tumors to physicians, surgeons, and other healthcare
providers involved in the day-to-day management of patients, while supplying a suffi-
cient depth of intellectual material to spark the interest of serious students of the disease.
An admittedly audacious goal, we believe this series of concise reviews by experts in the
field, laced with more than two thousand figures, tables, and references, forms a robust
basis for our overall approach to thyroid cancer. A broad variety of practitioners was
necessary to write this book, reflecting the multidisciplinary team required to manage
our patients. The careful reader will see some diverse views among authors, reflecting
the usual differences of opinion in medicine, disagreements that we should embrace
because they spark the fire of debate that generates new ideas.

We thank Sir Richard Bayliss for his kind words in the foreword of this book and my
fellow editors for their thoughtful ideas and contributions. We all owe a great debt of
gratitude to our multinational authors who focused their cumulative expertise and vast
experience to bear on the ideas expressed in this book, while showing their passion for
medicine on virtually every page – and they did this by generously contributing hun-
dreds of hours of their time.

Chapter 5 is written by Jenny Pitman, a thyroid cancer patient who shares her emo-
tional journey with our readers, one that grips virtually every patient with this disease.
This is the story of a brave lady who reached deep into her soul to find the personal
strength that was necessary to deal with the news that she had cancer . . . and then she
shared this strength with other patients at the Royal Marsden and with our readers. We
thank her for her contributions not only to the book, but to her fellow patients. She
inspires all of us.

Ernest L. Mazzaferri, MD, MACP
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Introduction

The management of thyroid cancer has changed
substantially over the past several decades,
largely as a result of our expanding knowledge
of this unique group of tumors and the avail-
ability of newer diagnostic and therapeutic
modalities. Patients with thyroid cancer require
the assistance of a diversified group of health-
care providers during literally every phase of
their care, from the time of diagnosis to the
extended period of follow-up. This book is a
statement of the breadth of the collective
knowledge and skills that are required to prop-
erly assist patients with these tumors. Our goal
is to summarize, in a practical way, how patients
with thyroid cancer are optimally managed and
how the fabric of their care is carefully woven by
a group of providers with specialized skills, each
of whom adds a unique part to the patient’s
overall care. Without this broad multidiscipli-
nary approach, gaps may occur at every turn in
management, which may pose serious obstacles
to achieving the best long-term results for our
patients.

While it is true that the more differentiated
forms of thyroid cancer are generally character-
ized by an indolent course with low morbidity
and mortality and are among the most curable
of cancers, patients are sometimes advised that
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Abbreviations

ATC Anaplastic thyroid carcinoma
DTC Differentiated thyroid cancer
DxWBS Diagnostic whole-body 131I 

scan
18FDG-PET 18Fluorodeoxyglucose positron 

emission tomography
FNA Fine-needle aspiration
FNMTC Familial nonmedullary 

thyroid cancer
FTC Follicular thyroid cancer
HAB Heterophile antibody
HTC Hürthle cell cancer
IMA Immunometric assay
MTC Medullary thyroid cancer
PTC Papillary thyroid cancer
RET Rearranged during 

transfection proto-oncogene
rhTSH Recombinant human TSH
RIA Radioimmunoassay
RxWBS Posttherapy whole-body 131I 

scan
Tg Thyroglobulin
TgAb Antithyroglobulin antibody
THST Thyroid hormone suppression 

of TSH
THW Thyroid hormone withdrawal
TSH Thyrotropin



2 Practical Management of Thyroid Cancer

this is not a serious problem, which could not be
more wrong. As a result of such advice, patients
sometimes forgo long-term follow-up that is
essential to their management. Moreover, this
attitude trivializes the importance of the disease
and certainly is not the view of any patient that
I have ever seen. Chapter 4 is written by a
patient who gives her poignant account of
thyroid cancer from the perspective of someone
who is living with it. She underscores the emo-
tional impact that it has on a person and how
she managed to cope with our medical system
and the problems associated with her disease.
Her chapter is near the front of the book to
remind us all why we practice medicine.

Thyroid cancer comprises a group of tumors
with strikingly different features. Papillary
thyroid carcinoma (PTC), follicular thyroid 
carcinoma (FTC), and Hürthle cell carcinoma
(HTC), tumors of the thyroid follicular cell often
collectively referred to as differentiated thyroid
cancer (DTC), have unique characteristics that
become blurred when classified together as
DTC.While their management is similar, impor-
tant diagnostic, therapeutic, and prognostic dif-
ferences exist among the three tumor types. Two
other forms of thyroid cancer also pose unique
problems. They are medullary thyroid carci-

noma (MTC), a tumor of the thyroid C cell that
secretes calcitonin, and anaplastic thyroid car-
cinoma (ATC), which often arises from benign
thyroid tumors or DTC. This chapter will
provide a broad overview of the management of
thyroid cancer, which is discussed in consider-
ably more detail in the following chapters.

Incidence and Mortality Rates
Incidence Rates
Contemporary Rates

An estimated 122 803 cases of thyroid cancer
occurred around the world in the year 2000,
causing an estimated 8570 deaths [1]. Yet
thyroid cancer is relatively uncommon, striking
only about 1.18 people per 100 000 persons
worldwide, with a somewhat higher incidence in
Europe and North America [1]. Thyroid cancer
accounted for only about 1.6% of all new cancer
cases in the USA during 2003 [2], but it strikes
at all ages. Its incidence rate in women is about
threefold that in men, peaking in midlife in
women and more than two decades later in men
(Figure 1.1). In the first decade of life its inci-
dence is the same in boys and girls.
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Figure 1.1 Age at which thyroid
cancer was identified in 28 979
persons in the United States
between 1973 and 2001. The peak
age at the time of diagnosis in
women is between ages 40 and
44 years and in men between 65
and 69 years. (Figures 1.1, 1.2, and
1.4 are drawn from data in the
Surveillance, Epidemiology, and
End Results (SEER) Public Use
Program [3], patients with thyroid
cancer, single primary, and
histologically confirmed.)
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Historical Changes in Incidence Rates

The incidence rates of thyroid cancer in many
places around the world have increased
significantly over the past three decades [1].
Between 1973 and 2001, the rates more than
doubled in the USA, going from about 3.0 to 7.0
cases per 100 000 persons (P < 0.05), due almost
exclusively to a rise in the incidence of PTC
without a concurrent change in that of FTC [3]
(Figure 1.2). A study from France found a
similar change in the incidence of thyroid
cancer between 1978 and 1997 that was also
mainly due to PTC [4]. Similar observations are
reported from England [5], Canada [6], and
other areas [7–10], but not in every part of the
world [1]. This increased incidence of PTC 
has been attributed to exposure to ionizing
radiation [11–13], iodine prophylaxis [10],
alterations in histological diagnostic criteria of
clinically unimportant thyroid neoplasia [8],
and the increasingly more common discovery 
of asymptomatic small cancers on imaging
studies, so-called “incidentalomas” because they
usually have an indolent behavior [14]. Yet 
if incidentalomas were the only cause of
the rising incidence of thyroid cancer, tumor

stage should have concurrently decreased
during all three decades, which did not happen
in the USA [3]. Some of the increase in inci-
dence may have been due to external beam 
irradiation and 131I from a variety of sources
[5,15,16], but this is a complex issue that
requires more study.

Mortality Rates
Contemporary Mortality Rates

Ten-year thyroid cancer mortality rates in 53
856 patients treated between 1985 and 1995 in
the USA were lowest for PTC and highest for
ATC (Table 1.1) [17]. Yet the majority of deaths
were due to PTC, simply because it comprises
the vast majority of thyroid cancers (Table 1.1)
[17]. Thyroid cancer death rates are higher in
patients older than about 45 years at the time 
of diagnosis (Figure 1.3) [18,19]. Still, when 
categorized into low and high risk groups by 
the AMES (age, metastases, extension, and size)
criteria, most (~60%) of the deaths due to
thyroid cancer occurred in the low risk group
[17].
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Figure 1.2 Annual incidence
rate of thyroid cancer in 28
979 patients according to the
year of diagnosis from 1973
to 2001. (From SEER Public
Use Program [3].)
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Historical Changes in Mortality Rates

Despite the significant rise in the incidence of
thyroid cancer, its mortality rates have declined
almost 50% in the past three decades, mainly 
as the result of a fall in mortality rates for PTC
that is most apparent in patients 40 years of age
or older at the time of diagnosis, the group most
likely to die of cancer (Figure 1.4A) [3]. Why 
this occurred is unknown, but may in part be
due to earlier treatment of less advanced tumors
in recent decades or other as yet unidentified

factors. Declining mortality rates are mainly due
to improvement in survival with PTC (Figure
1.4B).

There are striking differences in the inci-
dence and mortality rates of thyroid cancer in
men and women. While thyroid cancer is the
most rapidly rising cause of cancer in women
living in the USA [3], its mortality rates have
declined over 30% in women (Figure 1.5), more
than that of almost any cancer except those of
the stomach and uterine cervix, and Hodgkin’s
disease [3]. In sharp contrast, mortality rates of

Table 1.1 Distribution of histologic tumor types and deaths due to thyroid cancer among 53 856 patients treated between 1985
and 1995 in the USAa

Type of Percent of all 10-year relative Cancer Deaths due to 
tumor Patients (n) thyroid cancers survival deaths (n) tumor typeb (%)

Papillary 42 686 80% 93% 2988 53%
Follicular 6 764 11% 85% 1015 18%
Hürthle 1 585 3% 76% 380 7%
Medullary 1 928 4% 75% 482 9%
Anaplastic 893 2% 14% 768 14%

Total 53 856 5633

a Data from Hundahl et al.[17] Percentages rounded to nearest integer.
b The total number of deaths attributable to each type of thyroid cancer between 1985 and 1995.

Figure 1.3 Thyroid cancer death rates and recurrence rates according to decade of age at the time of diagnosis in 1556 patients with
PTC or FTC. (Drawn from the data of Mazzaferri and Jhiang [18,19].)
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women (Figure 1.7), making it the most rapidly
rising cause of cancer death in men in the 
USA [3]. This is due to late diagnosis and
delayed therapy, which reflects how men utilize
the healthcare system. Indeed, Leenhardt et al.
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thyroid cancer in men have risen 3.9% in the
past three decades (Figure 1.5) and, over time,
are twice those in women (Figure 1.6), largely
because men present at an older age (Figure 1.1)
with more advanced tumors than those in
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[14] found that the proportion of women
referred for evaluation of a thyroid nodule in
France has increased over the past two decades,
which did not happen in men, a finding which
they attributed to two factors: first, thyroid dis-
orders are more common in women, and
second, women are the main consumers of
healthcare [20]. Thus there is robust evidence
that the mortality rate of thyroid cancer is twice
as high in men as in women because the diag-
nosis is delayed in men and treatment often is
initiated after the tumor has spread beyond the
thyroid gland.

Causes of Death from Thyroid Cancer

Because the mortality rates from thyroid 
cancer are low, there are few clinical descrip-
tions of how patients die from their tumors.
One study of 161 fatal cases found that respira-
tory insufficiency accounted for the most 
deaths (43%), followed by circulatory failure
(15%), hemorrhage (15%), and airway obstruc-
tion (13%) [21]. Respiratory insufficiency is 
due to bulky pulmonary metastases that replace
normal lung tissue, while massive hemorrhage
and airway obstruction are due to unbridled
tumor growth in the neck and mediastinum
[21]. Circulatory failure is caused by com-
pression of the vena cava by mediastinal or
sternal metastases [21]. These observations
provide guidance for improving survival and

the quality of life for patients with advanced
tumor.

Features That Shape
Prognosis
Tumor Recurrence
Depending upon the initial therapy and tumor
stage, 20–30% of patients have tumor recur-
rences over several decades [18]. Indeed in the
past when follow-up tests were less sensitive
than those used today, 5% of regional recur-
rences and 25% of distant recurrences were
found 20 years or more after initial therapy (see
Chapter 20) [19]. Among our patients who had
local recurrences, 74% were in cervical lymph
nodes, 20% had them in thyroid remnants and
6% were in trachea or muscle, and 7% died of
cancer [19]. Twenty-one percent of our patients
had recurrences in distant sites, usually in the
lungs, and half died of cancer. Recurrent tumor
caused over half the cancer deaths in our
patients. The others were due to persistent
tumor that was readily apparent from the initial
operative and clinical notes.

Histology and Other Tumor Features
It is important to know the key features of the
tumors that collectively comprise malignant
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tumors of the thyroid gland. Each is unique and
has its own features that may portend either 
a difficult and nagging problem of persistent
disease, or a relatively easy and swift course 
that ends happily for the patient. Knowing 
the characteristics of the tumor and its proba-
ble clinical behavior is the first place to begin
anticipating a patient’s needs and long term
prognosis. In Chapter 9, Dr McNicol reviews the
salient pathology features that play a role in the
long-term outcome of patients with thyroid
cancer.

Papillary (PTC)

Tumors that arise from thyroid follicular cells
secrete thyroglobulin (Tg) and tend to grow
slowly and have a good prognosis [19]. However,
tumor recurrences are common with PTC,
ranging as high as 30% if the initial therapy 
is incomplete [18]. Classic PTC, the most com-
mon form of thyroid cancer, is often a mixed
papillary-follicular tumor but a few have a
purely papillary pattern, features that have no
bearing on prognosis but may cause confusion
about its pathological classification [22]. PTC is
generally unencapsulated and about 2 to 3 cm in
diameter and tends to infiltrate the thyroid and
may extend through the capsule of the gland
[23]. It invades lymphatics and blood vessels
and is commonly found in multiple sites within
the thyroid and in regional lymph nodes. Late in
its course, lung metastases from PTC appear as
diffuse bilateral pulmonary nodules on chest 
X-ray, whereas they are visible only by 131I scans
in the earliest stages. Hematogenous spread to
bone, central nervous system, and other sites
can also occur. The distinctive cellular features
of PTC can be recognized by fine-needle aspira-
tion (FNA) biopsy or frozen-section in over 95%
of cases [24,25] and it is thus easy to identify
early in its course, making it amenable to
prompt therapy.

PTC Variants

Certain tumor variants digress from the classic
features of PTC. The most common is follicular
variant PTC, which is characterized by architec-
tural features of FTC (malignant microfollicles)
and cellular features of PTC. It may be difficult
to identify by FNA or intraoperative frozen
tumor sections [26] but usually has a prognosis

similar to classic PTC [27–29]. Classic PTC often
has a large follicular component that may be
mistaken for its follicular variant, a diagnosis
that requires complete involvement of the
tumor with malignant follicles that have cyto-
logical features of PTC [22]. Diffuse sclerosing
variant of PTC, which may be mistaken for
Hashimoto’s thyroiditis because it often pres-
ents as a diffuse goiter with fibrosis and posi-
tive antithyroid antibodies, is associated with
some unfavorable features at presentation (large
tumor and extensive lymph node metastasis)
but also has a prognosis that is usually similar
to that of classic PTC [30,31]. Oxyphilic
(Hürthle cell) PTC may have a more aggressive
course than classic PTC [32]. Tall cell [33] and
columnar cell [34] PTC variants, which typically
occur in older patients, usually are large tumors
that are often metastatic and fail to concentrate
131I. This tumor has a poor prognosis as does
insular thyroid cancer, another subtype of
thyroid cancer that may be mistaken for ATC
and often fails to concentrate 131I [31].

Follicular (FTC)

This is usually a solitary encapsulated tumor
with a microfollicular pattern that is more
aggressive than PTC. Patients tend to be older
with tumor of more advanced stage at the time
of diagnosis than those with PTC. Widely inva-
sive FTC has a poor prognosis and is easily 
recognized by its aggressive extension into sur-
rounding tissues. Up to 80% of those with such
tumors develop metastases and more than 15%
die of their disease within 10 years [17,18].
However, nowadays most are minimally inva-
sive encapsulated tumors that closely resemble 
follicular adenomas, a diagnostic problem that
also plagues Hürthle cell tumors. The distinc-
tion between low grade FTC and follicular
adenoma can be only be made by review of
the permanent histological sections and not 
by FNA or frozen section study [26], which
poses a serious management predicament at the
time of surgery. The main criteria that differen-
tiate follicular adenoma from FTC are malig-
nant cells penetrating the tumor capsule or
invading blood vessels within or beyond its
capsule, which has a worse prognosis than 
capsular penetration alone [35,36]. Still, a few
patients with minimally invasive FTC die of
their disease [37].
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Hürthle (Oncocytic) Cell Cancer (HTC)

When most (>75%) or all of a tumor contains
Hürthle cells, it is classified as HTC unless it has
papillary architecture. In the past there has been
some controversy about the diagnosis and man-
agement of HTC but more recent series have
clarified the main issues. A large study found
that the 10-year cancer mortality rate was 25%
for HTC, compared with 15% for FTC [17]. Pul-
monary metastases occur in 20–35% of patients
with HTC, about twice the rate that occurs with
FTC [38]. Diagnosis of low grade HTC requires
histological study of multiple permanent surgi-
cal histopathology sections.

Anaplastic Thyroid Cancer (ATC)

Arguably the worst cancer to affect humans,
ATC usually causes death within 3 to 5 months
of diagnosis [39]. Survival is better with tumors
that contain an admixture of anaplastic and dif-
ferentiated thyroid cancer [40,41], supporting
the notion that ATC often arises from benign or
differentiated malignant thyroid tumors. This
underscores why long delays in the recognition
of more differentiated thyroid cancers is dan-
gerous [42,43]. Treatment strategies are often
ineffective and few specialists have extensive
expertise in the management of this tumor.
Chapter 30 by Drs Haq and Harmer and Chapter
31 by Professor Tennvall and colleagues, all
experts in its management, summarize current
therapy.

Medullary Thyroid Cancer (MTC)

This tumor arises from thyroid C cells that
secrete calcitonin. First described in 1959 as a
distinct tumor type with amyloid struma [44],
its cell of origin was not recognized until 1967
when E. D. Williams in a landmark study [45]
identified the parafollicular cell as the progeni-
tor of MTC. Other investigators [46,47] shortly
demonstrated that high calcitonin levels were
present in both the blood and tumors of
patients with MTC, which quickly led to the
identification of a large number of affected kin-
dreds [48–50]. In 1988 two groups found that a
susceptibility locus for inherited MTC resides
on chromosome 10 [51,52], where the responsi-
ble genes map to the pericentromeric region
[53]. In 1993 several groups [54–57] proved that

mutations of a single gene on chromosome 10,
the rearranged during transfection (RET)
proto-oncogene, were responsible for the inher-
ited forms of MTC. Up to 40% are heritable
tumors transmitted as an autosomal dominant
trait. Genetic testing now identifies affected kin-
dreds and, along with analysis of tumor behav-
ior within the kindred, allows for propitious
timing of prophylactic thyroidectomy. Chapter
21 by Professor Pinchera and Dr Elisei provides
explicit advice on the diagnosis and manage-
ment of this difficult tumor.

Tumor Features That Influence
Prognosis
Tumor Size

PTC smaller than 1 cm,termed microcarcinoma,
is often found unexpectedly during surgery for
benign thyroid conditions. While most pose no
threat to survival and require no further surgery
[58], about 20% are multifocal and as many as
60% have cervical lymph node metastases, some
of which are palpable [59]. Lung metastases
occur rarely, especially with multifocal tumors
with cervical metastases, which are the only
microcarcinomas with significant morbidity
and mortality [59,60].With these exceptions, the
recurrence and cancer mortality rates are near
zero [58,59]. In our series, 30-year recurrence
rates with DTC smaller than 1.5 cm were less
than one-third those associated with larger
tumors [19]. There is a linear relationship
between tumor size and cancer recurrence and
mortality for both papillary and follicular carci-
nomas [19]. Still, management decisions for
patients with these tumors are exceedingly
complex, and are extensively reviewed by Drs
Drucker and Robbins in Chapter 29.

Multiple Microscopic Intrathyroidal Tumors

About 20% of PTCs are found to be multicen-
tric when the thyroid is examined routinely 
and up to 80% have more than one tumor if the
thyroid is examined with extreme care [18].
Regarded only as intrathyroidal metastases in
the past, multiple variants of the PTC/ret on-
cogenes in PTCs within the same thyroid are
proof that many are individual tumors arising
in a background of genetic or environmental
susceptibility [61].
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The presence of multicentric tumor cannot
be predicted on the basis of clinical risk
stratification [62]. They are not apparent until
the final histological sections of the entire
thyroid gland have been clinically studied,
which has a direct bearing upon the need to sur-
gically excise the contralateral lobe and to ablate
the thyroid remnant with 131I in most cases.
Among patients undergoing routine completion
thyroidectomy for presumed unilateral DTC,
about half have tumor in the contralateral lobe
[18,62,63]. Moreover, when multifocal tumor is
present in the thyroid lobe first excised, or when
the tumor has recurred, bilateral multifocal
tumor is almost always found [64].

Patients with multiple intrathyroidal tumors
have almost twice the incidence of nodal metas-
tases [65] and three times the rate of lung and
other distant metastases, and are threefold more
likely to develop persistent disease than those
with single tumors [66]. Thirty-year cancer
mortality rates in our patients with multiple
tumors were two times those of patients with a
single tumor [19].

Local Tumor Invasion

About 5–10% of tumors grow directly into sur-
rounding tissues, increasing both morbidity and
mortality. Microscopic or gross tumor invasion,
which can occur with both PTC and FTC [19],
may involve neck muscles, blood vessels, recur-
rent laryngeal nerves, larynx, pharynx, and
esophagus, or tumor can extend into the spinal
cord and brachial plexus. The symptoms are
usually hoarseness, cough, dysphagia, hemopty-
sis, and airway insufficiency or neurological
dysfunction. Extrathyroidal tumor extension
usually leads to lymph node and distant metas-
tasis [67]. The tumor was locally invasive in 115
of our patients (8% of those with papillary and
12% of those with follicular carcinoma); 10-year
recurrence rates were 1.5 times and cancer-
specific death rates were five times those of
patients without local tumor invasion, and
nearly all with tumor invasion died within the
first decade [19].

Regional Metastases

Lymph node PTC metastases occur at a higher
rate than is often appreciated and are often in
unpredictable sites. In one study, for example,

60% of patients with PTC had cervical lymph
node metastases: one third were bilateral and
almost 25% were in the contralateral para-
tracheal area [68]. Cervical lymph node
micrometastases are often found at sites that
bear little relation to the site of the thyroid
tumor [69], especially in patients with micro-
carcinoma [70]. Lymph node metastases can be
identified by detecting sentinel lymph nodes
with isosulfan blue dye or other markers at 
the time of surgery [71]. Performing a careful
neck ultrasonography before surgery also helps.
In one study, for example, preoperative ultra-
sonography detected lymph node or soft tissue
metastases in neck compartments believed to 
be uninvolved by physical examination in 
nearly 40% of the patients, thus altering the sur-
gical procedure [72]. While some believe that
regional lymph node metastases have little
bearing on prognosis, most find they have an
important effect on outcome. For instance, one
study found that the presence of lymph node
metastases increased the rate of distant metas-
tases more than 11-fold [60]. In our long-term
studies, cervical lymph node metastases, espe-
cially when they were bilateral and mediastinal,
were an independent risk factor for recurrence,
distant metastases, and survival [18].

Distant Metastases

About 10% of patients with PTC and up to 25%
of those with FTC develop distant metastases,
half of which are apparent at the time of diag-
nosis [73]. They occur more often (35%) with
HTC than with PTC or FTC and after the age of
40 years [38]. Among 1231 patients reported in
13 studies, 49% of the metastases were to lung,
25% to bone, 15% to both lung and bone, and
10% to the central nervous system or other soft
tissues [73]. The eventual outcome is influenced
mainly by the patient’s age, the tumor’s metasta-
tic site(s) and their ability to concentrate 131I,
and mere tumor bulk [74,75]. Although some
patients with distant metastases survive for
decades, especially younger patients, about half
die within 5 years regardless of tumor histology
[73]. In a study from France, survival rates with
distant metastases were 53% at 5 years, 38% at
10 years, and 30% at 15 years [76]. Survival is
longest with diffuse microscopic lung metas-
tases seen only on posttreatment 131I imaging
and not by X-ray [76–78]. The prognosis is
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much worse when the metastases do not con-
centrate 131I or appear as large lung nodules 
and is intermediate when the tumors are small
nodules on X-ray that concentrate 131I [74,78].

Patient Features Affecting Prognosis
Patient Age

Nearly every study shows that the patient’s age
at the time of diagnosis is an important prog-
nostic variable and that thyroid carcinoma is
more lethal after about age 40 years. The risk of
death from cancer increases with each subse-
quent decade of life, dramatically rising after
age 60 years (Figure 1.3). The pattern of tumor
recurrence is quite different. Recurrence rates
are highest (40%) at the extremes of life, before
age 20 and after age 60 years (Figure 1.3)
[19,73,79]. Yet despite the clear effect of age
upon survival, there is disagreement about how
it should be factored into the treatment plan,
especially in children and young adults. Chil-
dren commonly present with more advanced
disease than adults and have more tumor recur-
rences after therapy, but their prognosis for sur-
vival is good [79]. Some believe that young age
has such a favorable influence upon survival
that it overshadows the prognosis predicted by
the tumor characteristics [80]. The majority,
however, believe that the tumor stage and histo-
logical differentiation are as important as the
patient’s age in determining prognosis and
management [19,79,81]. In Chapter 23, Drs
Sarlis and Hung provide an extensive discussion
and review current management recommenda-
tions for children with thyroid cancer.

Gender

Death rates from thyroid cancer are twice as
high in men as in women (Figure 1.6) [19,80].
Men with thyroid cancer thus should be
regarded with special concern, especially those
over age 50 years, when many present with
advanced stage tumors.

Graves’ Disease

Thyrotropin receptor antibodies may promote
tumor growth in patients with Graves’ disease.
Some find thyroid carcinoma in almost half of
the palpable nodules in patients with Graves’

disease [82]. The tumors are larger and display
aggressive behavior [82]. Some find that thyroid
carcinoma occurring in patients with Graves’
disease is more often invasive and metastatic to
regional lymph nodes, even when the primary
tumor is small [82,83].

Familial Nonmedullary Thyroid 
Cancer (FNMTC)

This syndrome can be clinically divided into
two groups. In one, NMTC is a relatively in-
frequent component of a familial tumor syn-
drome (familial adenomatous polyposis [84] and
Cowden syndrome with multiple hamartomas
and breast cancer). The PTC is found in younger
patients but not in infants, and is characterized
by multicentric and often microscopic tumor
that usually has an excellent prognosis [84].

In the other group, which comprises about 
5% of all PTCs, a familial susceptibility occurs
without a familial tumor syndrome. Although
unequivocal evidence of FNMTC as a distinct
entity awaits the identification of the suscepti-
bility genes [85], the clinical and genetic evi-
dence is sufficiently compelling that insight can
be derived from current studies [86,87]. It has
been suggested that there are three familial PTC
syndromes in which PTC is the predominant
clinical feature of a familial syndrome that has
an autosomal dominant inheritance with partial
penetrance [87]. In this instance,patients tend to
have multicentric tumors that are often micro-
carcinomas that generally tend to be more
aggressive than usual [88–90] and should be
treated accordingly. First degree family members
should be carefully examined for the disease.
These syndromes are thoroughly discussed in
Chapter 22 by Drs Popat and Houlston.

Clinical Staging Systems and
Prognostic Indexes
Although the patient’s age and tumor stage at
the time of diagnosis are the most important
variables predicting outcome, their relative
importance is debated. Several clinical staging
and prognostic scoring systems have been pro-
posed that use age over 40 years as a major
feature to identify risk. When more emphasis is
assigned to the patient’s age, the relative impor-
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tance of tumor stage tends to be diminished.
This concept, however, does not appear to be
widely accepted among practicing physicians
because young patients with low prognostic
scores often have tumor recurrence. At an inter-
national consensus conference in 1987, only 5 of
160 participants treated younger patients more
conservatively [91]. Similarly, in a 1988 interna-
tional survey of thyroid specialists [92] and a
1996 survey of clinical members of the Ameri-
can Thyroid Association [93], age was not used
by the majority of respondents in their thera-
peutic decisions. Current recommendations 
for the treatment of children now suggest the
same therapy as is given to adults with similarly
staged tumors [79]. (See Chapter 23.)

Current Diagnostic Approach
The diagnostic approach to thyroid nodules
differs somewhat according to the type of physi-
cian who first sees the patient in consultation
and the availability of specialist teams. This is
apparent in Section II, which reviews the diag-
nosis of thyroid cancer in four separate chapters
by Drs Perros, Mitchell and Leith, McNicol, and
Wiersinga (Chapters 7–10). Each has the same
general approach but with a somewhat different
slant, according to the circumstances of their
practice and specialty. Still, the overall approach
is the same in most urban areas.

History and Physical Examination
Although most patients with thyroid nodules
have no serious symptoms, a few have such a
distinctive presentation that the diagnosis of
thyroid cancer is obvious (Table 1.2). Patients
who present with rapidly growing tumors, vocal
cord paralysis, tumor that is fixed to surround-
ing tissues, or large multiple cervical lymph
nodes are so likely to have thyroid cancer that
even with a negative biopsy, the patient should
undergo surgery. This is also true for familial
medullary thyroid carcinoma (FMTC) syn-
drome, MEN2A or MEN2B syndromes or famil-
ial nonmedullary thyroid cancer [94,95], or one
of the syndromes associated with nonmedullary
thyroid cancer (familial adenomatous polyposis
(FAP) or Gardner syndrome [96], Cowden 
syndrome [97]) (Table 1.2, Figure 1.8) [98]. (See
Chapters 21 and 22.)

Thyroid Ultrasonography
Now a mainstay in the diagnosis of thyroid
nodules, ultrasonography provides a high
pretest probability of cancer when certain char-
acteristics exist in a nodule, namely a solid or
partly cystic nodule with irregular and blurred
margins, mixed hypoechoic isoechoic areas and
microcalcifications, and intranodular vascular
pattern [99]. Malignant cervical lymph nodes
have a characteristic pattern, appearing round,
without a hilar area and containing intranodu-
lar vascular flow. A Solbiati index (SI = ratio of
largest to smallest diameter) of about one and a
complex echoic pattern or irregular hypere-
choic small intranodular structures and irregu-
lar diffuse intranodular blood flow are the 
best indicators of malignancy in a lymph node
[100], which often provides information that
alters the surgical approach [72]. These features
are reviewed in detail in Chapter 26 by Dr
Richardson.

Fine-Needle Aspiration Biopsy (FNA)
Patients with either an isolated thyroid nodule
or a multinodular goiter should be considered
for FNA because the incidence of thyroid cancer

Table 1.2 Clinical findings suggesting the diagnosis of thyroid
cancer in a patient with a thyroid nodule

Highly suspicious
Family history of thyroid cancer (medullary thyroida

cancer or nonmedullary thyroid cancerb)
Rapid tumor growth
A nodule that is very firm or hard
Fixation of the nodule to adjacent structures
Paralysis of vocal cords
Stridor
Large regional lymph nodes
Distant metastases

Moderately suspicious
Age <20 years or >70 years
Male sex (adults)
History of head and neck irradiation
Symptoms of compression, including dysphagia,

hoarseness, dyspnea, and cough

a Familial medullary thyroid carcinoma (FMTC) syndrome, MEN 2A
or MEN2B syndromes.
b More than one first degree relative with nonmedullary thyroid
cancer [94,95], or one of the syndromes associated with non-
medullary thyroid cancer (familial adenomatous polyposis (FAP) or
Gardner syndrome [96], Cowden syndrome [97]). See Chapter 22.
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in thyroid nodules is the same, usually between
5% and 10% in both solitary nodules and in
multinodular goiters [101,102]. However, the
exact rate varies, and averaged about 9% among
7724 patients in one review, which varied
according to FNA technique and the selection of
patients for FNA, ranging from 5% to 17% in
patients with solitary thyroid nodules and from
5% to 14% in those with multiple nodules [102].
Although nodule size of 1 cm or more has been
the cutoff used to identify those that require
FNA, studies show that smaller nodules with
suspicious features should undergo biopsy [99].
Many now perform FNA on nodules as small as
8 mm if they appear highly suspicious on ultra-
sonography [99].

The cytology from FNA shows one of four
general characteristics: (1) insufficient material
for diagnosis, (2) PTC, or (3) indeterminate
cytology (follicular tumor) representing either
follicular adenoma or low grade FTC, or (4)
benign cytology from either a colloid nodule 
or thyroiditis [103]. When the cytology is
insufficient for diagnosis, repeat aspiration 
will yield adequate material for diagnosis in
about half the cases; those that do not should 
be surgically removed because about 5% are
malignant [104,105]. In Europe, serum calci-
tonin measurements are often done in the
course of evaluating patients with multinodular
goiter [106], a practice that has not yet been
fully embraced by American endocrinologists
[107]. The current algorithm used for the 
diagnosis of thyroid nodules is shown in 
Figure 1.8.

Initial Therapy
In addition to the factors mentioned above,
timely and appropriate treatment has an impor-
tant bearing on prognosis. In this section, treat-
ment will be considered only for differentiated
tumors of follicular epithelium, PTC, FTC, and
HTC. Therapy of MTC is quite different and is
the subject of unique guidelines and is dis-
cussed in full in Chapter 21 [108,109]. Likewise,
therapy of ATC is discussed in Chapter 30 by Drs
Haq and Harmer, and in Chapter 31 by Profes-
sor Tennvall and colleagues. Current guidelines
on the treatment of DTC from the United States
[110] and Europe [111] advise total or near-total
thyroidectomy followed by 131I ablation of the

thyroid remnant for most patients.Although the
treatment of children has been more controver-
sial, many now recommend that they be treated
the same as adults [79]. This is disussed in detail
in Chaper 23 by Sarlis and Hung.

Delay in Therapy
The median time from the detection of the
tumor to initial therapy in our patients was 4
months, but ranged from less than one month 
to 20 years [19]. Delay in diagnosis correlated
with cancer mortality. The median delay was 
18 months in patients who died of carcinoma 
compared with 4 months in those still living 
(P < 0.001). Cancer mortality was 4% when
patients underwent initial therapy within a year
and 10% in the others; 30-year cancer mortality
rates in these two groups, respectively, were 6%
and 13% (P < 0.001).

Surgery
Thyroid Surgery

Most believe that optimal initial surgery is total
or near total thyroidectomy when thyroid
cancer is identified preoperatively [18] and this
is performed by the majority of surgeons in the
USA [112]. Although some surgeons propose
hemithyroidectomy for patients considered to
be at low risk for cancer death [113], the recur-
rence rates are high in this group, including 
lung metastases, and there is no sensitive test 
to detect tumor in the follow-up evaluations 
of such patients [18,114]. For MTC, total thy-
roidectomy with removal of the posterior
thyroid capsule is usually advised, especially for
familial cases [108].

When hemithyroidectomy has been per-
formed, removal of the contralateral lobe (com-
pletion thyroidectomy) is usually advised when
the ipsilateral tumor is larger than 1 cm, or when
it is metastatic or invades the thyroid capsule,
or the patient has been exposed to radiation, or
has familial or multicentric tumor [18]. About
half the time cancer is found in the contralateral
lobe [18]. Patients who undergo completion thy-
roidectomy within 6 months of the primary
operation have significantly fewer recurrences,
fewer lymph node and hematogenous metas-
tases and survive significantly longer than those
in whom the second operation is delayed [63].
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We thus advise completion thyroidectomy as
soon as possible after hemithyroidectomy. At 30
years, the recurrence rate among 436 patients
who had undergone subtotal thyroidectomy 
was significantly higher than that among 698
patients who had undergone total or near-total
thyroidectomy (40% versus 26%, P < 0.002);
cancer-specific mortality rates were also higher
in the subtotal thyroidectomy group (9% and
6%, P = 0.02) [19]. This is discussed in detail by
Dr Villaret and Professor Mazzaferri in Chapter
12. Choice of a surgeons specializing in thyroid
cancer surgery is particularly important in the
outcome of patients with these tumors, and is
reviewed in Chapter 11 by Professor Clark 
and his associates. Initial thyroid surgery is 
discussed in detail in Chapters 11, 12, 13, and 
14.

Lymph Node Surgery

When cervical lymph node metastases are
found, modified neck dissection sparing the
sternocleidomastoid muscle is usually advised
[114]. This should not be done prophylactically
when lymph node metastases are not present.
Patients with cervical lymph nodes metastases,
those with primary tumor invading beyond the
thyroid capsule, and women older than 60 years
appear to benefit most from modified radical
neck dissection [115]. Lymph node surgery is
discussed in detail in Chapter 13 by Mr John
Watkinson.

Radioactive Iodine (131I) Therapy
Thyroid Remnant Ablation

This is defined as 131I therapy administered to
destroy presumably normal residual thyroid
tissue. Routine 131I remnant ablation, although
questioned by some [116], is widely used and
has appeal for several reasons. First, it may
destroy occult microscopic cancer [18,62].
Second, it enables earlier detection of persistent
tumor by post 131I treatment whole-body scans
(RxWBS) [81]. Third, it greatly facilitates the use
of serum Tg measurements during follow-up.
Few metastases can be visualized by 131I scan-
ning when appreciable amounts of normal
thyroid tissue remain after surgery. Lastly,
serum Tg concentration, which is the most sen-
sitive marker of persistent disease, is unreliable

when a large thyroid remnant is present [117].
Thus 131I is given postoperatively even to
patients without known residual disease who
have a good prognosis [38,118,119]. Still, this
approach continues to engender debate and
calls for randomized clinical trials [120], but
they are so difficult to design that they are likely
not to be done in the near future [121,122].

Remnant ablation was initially done with
2775 and 5550 MBq 131I (75 to 150 mCi), but later
clinicians began using 925 to 1110 mg (25 to 
30 mCi) to avoid hospitalization, which is no
longer necessary in the USA because of a change
in federal regulations that permits much larger
activities of 131I in ambulatory patients. Smaller
amounts of 131I <1110 MBq (30 mCi), which can
ablate thyroid remnants if the mass of residual
thyroid tissue is small, has appeal because of
the lower cost and lower whole-body radiation
dose. One randomized prospective study of this
question found that the first dose ablated
thyroid bed uptake in 81% of patients given 
225 MBq (30 mCi) and in 84% treated with 
3700 MBq (100 mCi) [123]. Another randomized
study [124] found that any activity of 131I
between 925 and 1850 MBq (25 to 50 mCi)
appears to be adequate for remnant ablation
[124]. Both studies were performed with a
thyroid hormone withdrawal (THW) protocol
in which the patient receives triiodothyronine
(liothyronine, Cytomel) for 4 weeks and no
thyroid hormone and a low iodine diet during
the last 2 weeks before 131I therapy.

More recently, 131I remnant ablation has been
done after intramuscular administration of
recombinant human thyrotropin-a (rhTSH,
Thyrogen), which stimulates thyroidal 131I
uptake and Tg release while the patient contin-
ues thyroid hormone (T4) therapy, thus avoiding
symptomatic hypothyroidism [125]. Although
now approved only for diagnostic use, rhTSH,
0.9 mg, has been given intramuscularly every
day for 2 days followed by 1110 to 3700 MBq (30
to 100 mCi) 131I on the third day and RxWBS
about 5 days later. This protocol has been shown
to successfully prepare patients for 131I remnant
ablation. At the present time, the drug is
approved in Europe and is likely to be approved
in late 2005 for this purpose in the USA. Com-
plete ablation, defined as an absence of uptake
on an 85 MBq (5 mCi) 131I diagnostic whole-
body scan (DxWBS) image about one year later,
was achieved in over 84% of patients prepared
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with T4 withdrawal and in over 86% of those
given rhTSH, who were treated, respectively,
with an average of 4662 and 4403 MBq (126 and
119 mCi) of 131I [119]. Another study found that
1110 MBq (30 mCi) 131I given 48 hours instead of
24 hours after the last rhTSH injection failed to
ablate the thyroid remnant when rhTSH was
given [126]. Still another study showed that 1110
MBq (30 mCi) of 131I was successful when T4 was
stopped the day before the first injection of
rhTSH and started again the day after the 131I
was administered, which was associated with a
fall in urine iodine levels attributed to the ~50
mg iodine content in a daily dose of T4 compared
with the 5mg content of 131I [127]. Patients tol-
erate rhTSH well, with only occasional transient
mild headache and nausea. This is extensively
reviewed in Chapter 17 by Professors Pacini and
Schlumberger.

Long-Term Effects of Remnant Ablation 
and Treatment of Persistent Tumor 
with 131I

Although some studies find that total thy-
roidectomy and 131I therapy does not have a
better effect upon outcome than does postoper-
ative treatment with thyroxine alone [128],
long-term studies generally find a beneficial
effect of 131I therapy. A study of 1599 patients
treated between 1948 and 1989 found that 131I
therapy was the single most powerful prognos-
tic indicator for increased disease-free survival
[129]. Multivariate analyses show that 131I has an
independent prognostic effect when adminis-
tered either to ablate the thyroid remnant or to
treat metastases [18,38,130]. We found tumor
recurrences in 7% of patients treated with 1073
to 3750 MBq (29 to 50 mCi) and in 9% treated
with 1887 to 7400 MBq (51 to 200 mCi) of 131I
given to ablate thyroid remnants. In our study,
131I given either to ablate the thyroid bed or to
treat metastases each independently lowered
the rates of all recurrences, distant recurrence,
and cancer deaths. In studies with shorter
follow-up than ours, multivariate analyses show
that 131I therapy lowers death rates in patients
with bone [75,131] and lung [132] metastases
providing they concentrate 131I, and reduces
locoregional recurrences, whether given to treat
metastases or to ablate the thyroid remnant
[130,133,134].

Therapeutic 131I Dosimetry

Of the three dosimetry methods available, the
simplest and most widely used is to administer
an empiric fixed amount of 131I. From 1110 to
3700 MBq (30 to 100 mCi) 131I is given to ablate
a thyroid remnant [135]. Patients with lymph
node metastases removed by surgery are treated
with 3700 to 6475 MBq (100 to 175 mCi), and
microscopic tumor extending through the
thyroid capsule is treated with 5550 to 7400 MBq
(150 to 200 mCi). Diffuse pulmonary metastases
that concentrate 50% or more of the test dose of
131I, which is very uncommon [136], are treated
with 150 mCi 131I (5550 MBq) or less to avoid
lung injury that may occur when more than 
80 mCi (2960 MBq) are retained in the whole
body 48 hours after the dose. Distant metastases
are usually treated with 200 mCi (7400 MBq) 
131I.

A second approach is to use quantitative
dosimetry to predict radiation doses to the
target tissues, namely thyroid remnant or
metastases, and to radiosensitive tissues to
which the radiation dose must be limited,
including the bone marrow and lungs in those
with diffuse pulmonary metastases, and the
whole-body radiation dose. This is favored by
some because radiation exposure from arbi-
trarily fixed doses of 131I can vary considerably
[137]. If the lesional dose is less than 35 Gy 
(3500 rads), it is unlikely that the tumor will
respond to 131I therapy [137;138]. Conversely, 131I
activities that deliver 80 to 120 Gy (8000 to 
12 000 rads) to the thyroid remnant or deliver
300 Gy (30000 rads) to metastatic foci are likely
to be effective. To make these calculations it is
necessary to estimate tumor size, which in some
situations is not possible.

A third approach is to calculate an upper 131I
activity limit that delivers a maximum of 2 Gy
(200 rad) to the whole blood while keeping the
whole-body 131I retention less than 4440 MBq
(120 mCi) at 48 hours or less than 2960 MBq 
(80 mCi) when there is diffuse lung uptake.
Dosimetry is complicated and is performed in a
limited number of large medical centers. More-
over, comparison of outcomes between empiric
fixed dose methods and dosimetric approaches
is difficult and unreliable, and prospective trials
to address the optimal therapeutic approach
have not been done [139]. The complications of
131I therapy are reviewed in detail in Chapter 15 
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by Drs Haq and Harmer and in Chapter 16 by
Dr Vini.

Lithium Pretreatment

The therapeutic response to 131I is related to 
the amount of radiation that is delivered to the 
follicular cell, which is a function of: (1) the
amount of 131I administered, (2) the biological
half-time (T1/2), which is the retention time of 131I
within the cell, and (3) the isotope physical half-
life (Figure 1.9). The effective T1/2 is the combi-
nation of the biological T1/2 and the physical T1/2

of 131I. Maxon et al. found that the main reason
for failure of 131I therapy was a short effective 
T1/2 of 131I [140]. The biological retention T1/2 of
iodine in the thyroid is 60 days, but is only about
10 h in tumors [140].

Studies by Robbins and associates [141] from
the USA National Institutes of Health show that
lithium given at a dosage of 300–900 mg daily
(10 mg/kg) for 7 days prolongs the biological T1/2

and thus the effective T1/2 in PTC and FTC [141].
The mean increase in the biological T1/2, which
was 50% in tumors and 90% in remnants, was
proportionately greater in lesions with poor 131I
retention [141]. When the control T1/2 was less
than 3 days, lithium prolonged the effective 
T1/2 by more than 50%. More 131I accumulated
during lithium therapy, probably as a conse-
quence of its effect on iodine release without
increasing radiation to other organs. Serum
lithium levels should be measured daily and
maintained in the usual therapeutic range
between 0.8 and 1.2 nmol/L.

Potential Adverse Effects of
131I Therapy
Acute Complications
Radiation Thyroiditis

Up to 20% of patients, usually those with a large
thyroid remnant, given sufficient 131I to deliver
about 500 Gy (50 000 rads) develop thyroiditis
[142], which occurs less often when 1110 MBq
(30 mCi) of 131I is administered [143]. Within a
week, painful swallowing, neck and ear pain,
thyroid tenderness and swelling, and transient
mild thyrotoxicosis may occur, which is usually
transient, requiring no therapy.

Radiation Sialadenitis

Up to one-third of patients develop acute and/or
chronic parotid or submandibular gland
sialadenitis after 131I therapy [144]. Symptoms
may occur within 24 hours and are more likely
when large amounts of 131I have been given to 
a patient with a small thyroid remnant [144].
Chewing gum, sucking on lemon candies,
24 hours after 131I administration, and hydration
may prevent the sialadenitis and xerostomia.
Still, most patients experience intermittent
painless salivary gland swelling that is caused by
an epithelial plug in the salivary duct, beginning
several months after 131I therapy and lasting a
few hours, reminiscent of a salivary duct stone.
There is a salty taste when the salivary pressure

Figure 1.9 The therapeutic response to
131I is due to three things: the effective T1/2

(biological retention of the isotope in a
tumor), the half-life of the isotope (~8
days for 131I) and the activity (amount) of
131I administered. The most common
reason for failure of 131I treatment is a
short biological half-life (T1/2) of 131I in a
tumor. The most common way that 
the therapeutic response is enhanced 
is by increasing the 131I activity (dose).
However, lithium increases the biological
T1/2 by as much as threefold, permitting
the use of the smallest effective amount
of 131I, thus reducing the complications of
131I therapy.
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is reduced spontaneously or by manual pressure
on the parotid. Often misdiagnosed as infec-
tious parotitis, it requires no therapy and
usually improves spontaneously within about a
year; however, it may be associated with a
chronic xerostomia [144]. Most patients have
reduced taste for several weeks, sometimes with
transient tongue pain [144].

Ocular Dryness and Nasolacrimal 
Obstruction

A recent study found that conjunctivitis and
nasolacrimal drainage system obstruction
occurred 3 to 16 months after administering
larger amounts of 131I (6660 ± 555 MBq, 180 ±
15 mCi) [145]. This occurred in 3.4% of 563
patients in one study [146] but its incidence may
be higher since these patients were not system-
atically evaluated nor questioned about tearing.
The reported patients, who were likely to be the
worst cases, often required surgical therapy
[146].

Radiation Sickness

About two-thirds of patients given 7400 MBq
(200 mCi) or more develop mild radiation sick-
ness with headache, nausea and occasional
vomiting that begins about 4 hours after 131I
administration and resolves in about 24 hours.
It rarely occurs with less 131I [138].

Acute Tumor Edema or Hemorrhage

This is the most serious acute complication,
which may result from 131I therapy or TSH stim-
ulation, induced either by thyroid hormone
withdrawal or rhTSH stimulation [147]. Serious
symptoms can occur rapidly when the tumor is
in a critical location such as the brain, spinal
cord, or airway [147,148]. Likewise, pain may
occur in bone metastases. Pretreatment with
corticosteroids may minimize these problems,
but surgery for spinal lesions and isolated brain
metastases should be considered before TSH
stimulation or 131I therapy [149]. Vocal cord
paralysis is reported in patients with a large
amount of functioning thyroid tissue in close
proximity to the vocal cords [138]. Transient
peripheral facial nerve palsy also occurs rarely
after high dose 131I therapy [150].

Hematological Changes

A slight reduction in platelets and white blood
cell counts may follow 131I therapy but is typi-
cally transient and asymptomatic [151]. Pancy-
topenia can follow very large doses of 131I, which
may require transfusions, but this is usually
reversible [151,152].

Late Complications
The main long-term complications of 131I are
damage to the gonads, bone marrow, and lungs,
and the induction of other carcinomas.

Ovarian Damage

The risk of permanent damage to the ovaries
after ablative radioiodine treatment appears to
be low and most patients can be reassured they
can have normal pregnancies after 131I treat-
ment. During the first year after 131I therapy,
middle-aged women may developed temporary
amenorrhea and elevated serum gonadotropin
concentrations [153] and women of all ages
have a higher than expected rate of spontaneous
miscarriage [154], yet there are no measurable
effects of 131I on fertility, birth defect, birth-
weight and prematurity rates [155]. Still, 131I
therapy may be associated with early meno-
pause [156]. In a study by Vini et al. [157] of
496 women under the age of 40 at the time of
diagnosis, 65% of whom had received 3 GBq 
(81 mCi) of 131I while the remainder had
received subsequent treatment with a cumula-
tive activity of 8.5–59 GBq (230–1595 mCi) for
persistent disease, transient amenorrhea or
menstrual irregularities lasting up to 10 months
occurred in 83 patients (17%). No cases of per-
manent ovarian failure were recorded. There
were 427 children born to 276 women; only one
patient was unable to achieve a successful preg-
nancy. Four premature births and 14 miscar-
riages occurred but no congenital abnormalities
were reported. In a study of 33 children treated
at an average age of 14.6 years with a mean dose
of 7252 MBq (196 mCi) of 131I, the frequency of
infertility (12%), miscarriage (1.4%), prematu-
rity (8%), and major congenital anomalies
(1.4%) after an average follow-up of almost 19
years was not significantly different from that in
the general population [158]. See Chapter 16 for
an excellent review of this by Dr Vini.
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Testicular Damage

In men, gonadal damage may be more severe
[159], with permanent testicular damage or
transiently reduced sperm counts roughly 
proportional to the 131I dose administered 
[160]. Serum follicle-stimulating hormone
(FSH) levels usually do not change or rise tran-
siently, although they may remain high [161].
Serum testosterone concentrations and fertility
are usually not affected [162]. In a longitudinal
analysis of 21 men, six had no change or only a
slight increase in serum FSH after 131I therapy
while 11 others had a transient rise above
normal 6 to 12 months after treatment. Four
men treated with several doses of 131I had a pro-
gressive increase in serum FSH, which even-
tually became permanent. Semen analysis
performed in a small subgroup of men showed
a consistent reduction in sperm motility, but 
the serum testosterone concentrations in the
treated and normal men were similar. A survey
of 59 men treated with 131I found they had
fathered 106 children, none of whom was
reported to have had major congenital malfor-
mations [162]. In another study, fertility was
normal in 30 patients who were aged 30 years or
less when treated; they had 44 live births [163].
Two men who had received a total of 35.9 and
52.98 GBq (972 and 1432 mCi) between ages 10
and 19 years had fathered two and three chil-
dren, respectively, up to 13 and 24 years later.
Another treated at age 24 with 25.2 GBq (680
mCi) had oligospermia with an elevated serum
FSH. Thus, 131I therapy occasionally impairs 
testicular germinal cell function, posing a
significant risk of infertility. Young men should
consider banking sperm specimens before
therapy, particularly if larger cumulative doses
of 131I are to be given [159].

Bone Marrow Damage

This and the induction of other tumors are the
most serious late hazards of 131I therapy. Large
amounts of 131I (>37 000 MBq, 1000 mCi) can
cause a small but significant excess of deaths,
especially from bladder cancer and leukemia
[163]. Bladder cancer occurs more often in those
with relatively little 131I uptake in the neck or
metastases [163]. In one report, 80% of 35
patients treated with 131I had bone marrow
abnormalities, including three with acute

myeloid leukemia [164]. Those with pancytope-
nia had received cumulative 131I activities over
37.0 GBq (1000 mCi) [164]. In 13 large series
comprising a total of 2753 patients with thyroid
carcinoma, 14 cases of leukemia were detected
[165], resulting in a prevalence of about five
cases per 1000 patients (0.5%), which is higher
than expected in the general population. Acute
myeloid leukemia tends to occur within 10 years
of treatment and is less likely when 131I is given
annually rather than every few months, and
when total blood doses per administration are
less than 2 Gy (200 rad) [165]. The lifetime risk
of leukemia is so small (0.33%) that it does not
outweigh the benefit of 131I therapy [166]. The
risk of life lost because of recurrent thyroid
cancer exceeds that from leukemia by fourfold
to 40-fold, and is greatest in younger patients
[166]. Few cases of leukemia occur when 131I is
given at 12-month intervals and cumulative
amounts are less than 22.0 to 29.6 GBq (600 to
800 mCi) [151]. Still, 131I therapy is not stopped
for patients with serious metastatic tumor who
have reached these limits.

Pulmonary Fibrosis

This rarely occurs in patients with diffuse pul-
monary metastases treated with 131I [167]. It can
be avoided by using 131I in amounts that result
in a whole-body retention of less than 2.96 GBq
(80 mCi) 48 hours after its administration when
there is diffuse 131I uptake in the lungs seen on
the DxWBS. However, retention of >50% at 48
hours is uncommon [136].

Thyroid Hormone Therapy

TSH Suppression

The idea that TSH stimulates both the iodine
transport and growth of thyroid carcinoma
(only DTC) is the basis for the wide use of T4 in
treating this disease. Like normal thyroid tissue,
most PTCs and FTCs have functional TSH
receptors, but whether postoperative T4 alone
improves survival is less certain. Although there
have been no prospective randomized trials of
this question, there is evidence that TSH stimu-
lates tumor growth [168]. PTC in patients with
Graves’ disease may be more aggressive, pre-
sumably as a result of stimulatory effects of cir-
culating TSH receptor antibodies [82]. Rapid
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tumor growth sometimes follows T4 withdrawal
[169] or the use of rhTSH in preparation for 131I
therapy [168]. Moreover, T4 given as an adjuvant
to surgical and 131I therapy is effective [122,170].
After 30 years’ follow-up, we found that there
were significantly fewer recurrences in patients
treated with T4 as compared with no adjunctive
therapy (P < 0.01) and there were fewer cancer
deaths in the T4 group (6% versus 12%, P <
0.001) [19].

Potential Adverse Effects of T4 Therapy

Patients with thyroid cancer are usually treated
with T4 to lower TSH secretion below normal,
thereby deliberately causing subclinical if not
overt thyrotoxicosis. One potential consequence
of this is bone mineral loss, even in children
[79], but especially in postmenopausal women
with thyroid carcinoma [171–173]. This may 
be prevented by estrogen or bisphosphonate
therapy. More importantly, using the smallest 
T4 dose necessary to suppress TSH has no signi-
ficant effects on bone metabolism and bone mass
in men or women with thyroid cancer [174].

Cardiovascular abnormalities occur in 
patients taking suppressive doses of T4 and may
be ameliorated by beta-adrenergic blockade.
Subclinical thyrotoxicosis causes an increased
risk of atrial fibrillation [175], a higher 24-hour
heart rate, more atrial premature contrac-
tions, increased cardiac contractility and 
ventricular hypertrophy, systolic and diastolic
dysfunction, and increased cardiovascular 
mortality [176–179], especially when the TSH is
<0.1 mIU/L.

Thyroxine (T4) Dosage

Patients with thyroid cancer who have under-
gone total thyroid ablation require more T4 than
those with spontaneously occurring primary
hypothyroidism. In one study, for example, the
average dose of T4 that resulted in an unde-
tectable basal serum TSH concentration and 
no increase in serum TSH after thyrotropin-
releasing hormone (TRH) was 2.7 ± 0.4 (SD)
mg/kg/day [180].Younger patients needed larger
T4 doses than older patients did and TSH sup-
pression was more likely when the therapy had
been prolonged. In a study of patients with
thyroid cancer and other forms of hypothy-
roidism, the dose of T4 needed to bring serum

TSH concentrations to normal was 2.11 and 
1.62mg/Kg/day, respectively [181].

One study found that a constantly suppressed
TSH (£0.05 mIU/L) was associated with a longer
relapse-free survival than when serum TSH
levels were always 1 mIU/L or higher, and that
the degree of TSH suppression was an inde-
pendent predictor of recurrence [182]. Another
large study found that disease stage, patient 
age, and 131I therapy independently predicted
disease progression, but that the degree of TSH
suppression did not [183].

The most appropriate amount of T4 for most
patients with thyroid cancer reduces the serum
TSH concentration to just below the lower limit
of normal or the low normal range (e.g. 0.3 or
0.4 mIU/L) if careful follow-up examinations
show the patient is free of tumor. Some prefer
greater suppression, lowering TSH levels to
between 0.05 and 0.1 mIU/L in low risk patients
and to less than 0.01 mIU/L in high risk patients
[171]. However, there is no published evidence
that maintaining serum TSH levels lower than
0.01 mIU/L has benefits and it does have some
risks.

Follow-up Studies
Prevalence of Thyroid Cancer 
in the Population
There are about 300 000 patients in the USA [3]
and 200 000 in Europe [184] living with thyroid
cancer. Virtually all require lifelong follow-up,
which until recently, was done mainly with
serum Tg determinations obtained during T4

suppression of TSH and 131I DxWBS performed
after thyroid hormone withdrawal. More
recently, follow-up has become more complex,
and is substantially more accurate. Older
antithyroglobulin antibody assays did not
detect low levels of anti-Tg antibody [184],
which factitiously lower serum Tg results from
immunometric assays. Also, 3 to 5 mCi 131I
DxWBS, computed tomography (CT), and mag-
netic resonance imaging (MRI) were the main-
stays of imaging, but are now known to be far
less capable of locating tumor than are newer
more sensitive ultrasound and Doppler tech-
niques, and 131I RxWBS and 18FDG-PET imaging
studies. Identifying persistent DTC late in its
course was the consequence of using insensitive
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Figure 1.10 The first phase of follow-up of DTC occurs about 1–2 months after surgery. * This indication for rhTSH is not approved
by the US FDA, but the drug can be used in selected patients (see text).

tests that often identified tumor relapse decades
after initial treatment [185]. Many were proba-
bly persistent tumors that had fallen below the
detection limits of older tests. Newer follow-up
paradigms identify persistent tumor 6 to 18
months after total thyroid ablation, permitting
the application of earlier therapy with the hope
of improving outcome (Professor Schlumberger
and associates review this in considerable depth
in Chapter 19).

Serum Thyroglobulin (Tg)
Paradigms for the follow-up of patients who
appear to be free of tumor after total thyroidec-
tomy and thyroid remnant ablation have shifted
to performing neck ultrasonography and meas-
uring Tg during TSH suppression and after
rhTSH stimulation, or T4 withdrawal (which
produces symptomatic hypothyroidism that
many patients choose to avoid) [184,186]. These
paradigms are used by many US physicians
(Figures 1.10, 1.11, and 1.12). Accurate serum Tg
measurement is the cornerstone of this follow-
up paradigm (Professor Spencer and Dr Fatemi

review this in Chapter 18). Serum Tg and ultra-
sonography identifies almost all patients with
residual tumor, thus preventing unnecessary
additional testing in those without residual
tumor. For those who are cured, as confirmed by
a serum Tg that fails to rise in response to
rhTSH and a negative thyroid ultrasound exam-
ination, the T4 dose can be reduced to maintain
the TSH level in the low normal range, thus
avoiding the potential harmful effects of sub-
clinical thyrotoxicosis.

High Serum Tg Levels and Negative
Whole-Body 131I Imaging
The main consequence of applying sensitive
diagnostic tests during follow-up is identifying
patients with elevated serum Tg levels and 
negative 131I imaging studies. This is a com-
plex problem that requires careful evaluation
but sometimes identifies patients with early
metastatic tumor that is often highly amenable
to 131I therapy. This problem is reviewed in
depth in Chapter 20. The new management and
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Figure 1.12 The third phase of follow-up of DTC occurs after the patient has no evidence of tumor.
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follow-up paradigms described in this book
offer substantial improvement over those used
in the past.
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Section I
The UK Multidisciplinary Approach to Management
of Thyroid Cancer



Introduction

National UK evidence-based guidelines for the
management of thyroid cancer were completed
in 2001 and published in March 2002 [1]. The
guidelines cover management of differentiated
(papillary and follicular) thyroid cancer (DTC)
and medullary thyroid cancer (MTC); they are
intended for the use of all disciplines involved
in any way in the care of patients with thyroid
cancer. In addition to the detailed guidelines,
the document includes key recommendations,
guidelines for the primary care physician,
and detailed information (in the form of three
booklets) for patients. The guidelines have 
been welcomed by cancer networks in the UK,
by individuals responsible for treating such
patients and in addition have been adopted in
several other countries.

In the United States the management of
thyroid cancer follows guidelines published by
the American Thyroid Association in 1996 [2],
by the National Comprehensive Cancer Network
(NCCN) in 1999 [3], and the American Associa-
tion of Clinical Endocrinologists (AACE) in
2001 [4]. In the UK, the National Institute for
Clinical Excellence (NICE) is in the process 
of developing guidelines for “Head and Neck
Cancers” which include thyroid cancer (see
www.nice.org.uk); these are expected in late
2004 and deal in detail with matters relating to
referral and the organization of the multidisci-
plinary team (MDT).

In this chapter I shall review briefly the back-
ground to the development of the UK guidelines
and outline the key recommendations.

Development of the
Guidelines
The guidelines were compiled under the aus-
pices of the British Thyroid Association by a
panel of national experts representing all rele-
vant disciplines, colleges, and societies in the
UK. Patient representatives were fully involved
in the process of guideline development, as well
as the preparation of patient information 
literature.

The development followed the process rec-
ommended in the literature available at the time
for the development and use of guidelines,
such as the series in the British Medical Journal
(1999 volume 318, edited by M. Eccles and J.
Grimshaw).A systematic review of the literature
was undertaken. The definition of Types of Evi-
dence and the Grading of Recommendations
follows that of the Agency for Health Care Policy
and Research (AHCPR, 1994). Randomized
trials are generally not available for thyroid
cancer, and evidence is therefore based on large
retrospective studies such that the level of evi-
dence according to AHCPR is generally II or III;
as a result there is still controversy regarding
some aspects of treatment. After completion the
guidelines and the accompanying patient infor-
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mation booklets were subjected to extensive
external peer review. The comments and rec-
ommendations were reviewed and appropriate
revisions made. The document is formatted so
that the reader may obtain an overview of
treatment, backed by the Level of Recommen-
dation (AHCPR), and obtain extensive refer-
ences to more detailed publications.

The recommendations are in accord with the
UK requirements for cancer management as
detailed in the NHS Manual of Cancer Services
Standards [5].

Case of Need for Guidelines
Although differentiated thyroid cancers are not
common they are of similar frequency to cervi-
cal cancer and multiple myeloma and are 
the commonest malignant endocrine tumors.
Furthermore they are among the few curable
cancers. When managed according to best prac-
tice, the vast majority of patients can expect
cure, and thus good management is mandatory.
The annual reported incidence in the UK for
1971–1995 was 2.3 per 100 000 women and 0.9
per 100 000 men, with approximately 900 new
cases and 220 deaths recorded every year in
England and Wales [6]. More recent data give
the incidence in England for year 2000 as 3.3
women and 1.3 men per 100 000, suggesting 
a possible increase (see NICE Guidelines 
at www.nice.org.uk). In the USA an estimated 
17 000 new cases are diagnosed and 1300 deaths
from thyroid cancer occur annually [7]. From
large American series the 10-year survival rates
for papillary and follicular thyroid cancer were
93–94% and 84–85% respectively [8,9]; local or
regional recurrences develop in up to 30% of
patients and distant metastases in up to 20%
[10,11]; recurrence rate increases with time and
40-year recurrence rates are about 35% [11].
Overall 8–10% of patients with a diagnosis 
of thyroid cancer die of their disease [9,10].
Figures for European countries showed that 5-
year survival for adults with thyroid cancer in
England prior to 1998 (64% men, 75% women)
was below the European average (72% for men,
80% for women) [12].

Patients at high risk of recurrence and death
from thyroid cancer can be identified at the time
of diagnosis by considering well-established
prognostic factors, the principal indicators for

poor prognosis being extremes of age, male
gender, poorly differentiated histological fea-
tures of the tumor, and tumor stage [10]. Treat-
ment also clearly influences prognosis [11]; in
particular the adequacy of surgical treatment
and the use of 131I ablation therapy have been
shown to result in reduced recurrence rate and
lower disease-specific mortality [9,13]. Large
retrospective studies [13] have suggested a ten-
dency for improved outcome over the last few
years, which again is thought to be a conse-
quence of the increasing use of total thyroi-
dectomy and 131I ablation, as well as other
significant factors such as use of serum thy-
roglobulin (Tg) to monitor for recurrence,
and more effective suppression of thyroid-
stimulating hormone (TSH) by thyroxine (T4).
Not only has detailed analysis of the data power-
fully demonstrated the important effect of meti-
culous initial therapy on prognosis [11,13], but
it also documents the effects of delays in diag-
nosis and treatment on the mortality rate [9].

The reasons for the relatively poor outcome
of DTC in the UK may be multifactorial, but
there is evidence that thyroid cancer manage-
ment in the UK has not been optimal. Audits
from several groups have identified severe
deficiencies in practice [14–16], which include
inadequate surgery, failure to administer
radioiodine in cases where it is indicated, inad-
equate suppression of TSH by T4, and deficient
use of Tg for follow-up; poor communication
between specialists and the lack of identified
specialist clinics have been highlighted as major
contributory factors. In one specialist center
deficiencies could be demonstrated in up to 20%
of cases, whereas outside the specialist center
between 21% and 60% of cases were inade-
quately managed [16].Another audit, done prior
to the introduction of local guidelines, found
that in more than 50% of cases surgery was not
done by a member of the multidisciplinary team
(MDT), tumor size was not recorded in the case
notes, and the extent of tumor removed was
inadequate; these figures improved markedly
and significantly after guidelines were intro-
duced [17]. In addition, it became apparent
from patients’ feedback that their quality of life
could be improved, particularly with respect to
better communication and information.

These various factors – the outcome, the
management process, and level of patient satis-
faction – indicated the need for guidelines to be
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developed, for locally agreed protocols to be
implemented, and for centralization of expert-
ise and patient management. In developing 
the guidelines the chief aims were: to improve
the long-term overall and disease-free survival
of patients with thyroid cancer; to enhance the
health-related quality of life of patients with
thyroid cancer; to improve the referral pattern
and management of patients with thyroid
cancer. The guidelines were also intended to
provide a basis for local and national audit, and
each section offers recommendations that are
suitable for the audit process.

In addition to the key recommendations and
overview of management, the areas covered by
the guidelines include: an introduction which
discusses the epidemiology and prognostic
factors; presentation, diagnosis, and referral;
fine-needle biopsy as the keystone for diagno-
sis; surgery; radioiodine therapy; posttreatment
follow-up; recurrent disease; pathology report-
ing, grading, and staging of thyroid cancers.
Appendices give details of staging, assay
methodology and the use of rhTSH. A separate
guide for primary care physicians includes
advice about diagnosis and referral, together
with a summary of treatment and follow-up.

Key Recommendations
The Multidisciplinary Team (MDT)
The most important of the key recommenda-
tions is that patients with thyroid cancer should
be referred to and managed by a designated
MDT (see Chapter 3). The point is made that all
clinicians should now accept that management
of patients with thyroid cancer outside the
framework of the designated MDT is inappro-
priate. Patients with newly diagnosed or sus-
pected thyroid cancer should be referred to a
member of the MDT. Decisions about treatment
should be made by the MDT, preferably in the
setting of a combined clinic, and follow-up
should be done by members of the team. Mem-
bership of the MDT will normally be appointed
in the UK by the Regional Cancer Network.
More details about the functioning of the MDT
can be found in Chapter 3 and also in the NICE
guidelines for head and neck cancers.

The core team comprises: endocrinologist,
surgeon, and oncologist or radiotherapist (or in

some instances nuclear medicine physician), all
of whom should have received training in, and
have expertise and interest in, the management
of thyroid cancer, and should maintain contin-
uing professional development. These special-
ists are supported by: pathologist, medical
physicist, biochemist, radiologist, and specialist
nurse, all of whom should likewise have special
training and experience in the management of
patients with thyroid cancer.

Patient Focus
Good communication with the patient is
regarded as mandatory, and patients should 
be included in the decision-making process.
Careful thought must be given to the prompt
and sensitive communication of the diagnosis
to the patient and also to the primary care
physician.

Patients should be offered full verbal and
written information about their condition and
given the opportunity to discuss any aspect of
their treatment; also information about support
groups and websites. Patients should have con-
tinuing access to a member of the team for guid-
ance and support.

To accompany the guidelines three infor-
mation booklets for patients were produced, in
which the information given is staged, to avoid
overburdening of the patient at the time of diag-
nosis. Thus the first booklet is introductory 
and deals mainly with tests and diagnosis, the
second relates to thyroid surgery, and the third
to the use of radioiodine. The intention was that
every clinic seeing patients with thyroid cancer
would have a supply to be used in conjunction
with the guidelines.

Diagnosis and Referral
Patients with suspected or newly diagnosed
thyroid cancer should be referred to a member
of the MDT. Guidelines for the investigation and
management of thyroid swellings can be found
in Chapter 7. Clinical features which should give
rise to suspicion, and which indicate the need
for urgent referral (within 2 weeks), are any of
the following in association with a thyroid
lump: newly presenting lump or increasing in
size, a family history of thyroid cancer, a history
of previous neck irradiation, young patients
(<10 years) or old patients (usually >65 years)
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especially men, and unexplained hoarseness 
or voice change. Cervical lymphadenopathy is
another indication for prompt referral. Stridor
is a late presenting sign and any patient with
stridor should be seen immediately.

Diagnostic assessment will include clinical
examination, thyroid function tests, thyroid
autoantibodies, and fine-needle aspiration
cytology (FNAC) with or without ultrasound
scan guidance.

Fine-Needle Aspiration Cytology
(FNAC) and Pathology
FNAC is an essential diagnostic procedure that
is used in the planning of surgery. The cytology
should be reported by a cytopathologist who
has a special interest in thyroid disease and 
is a member of the MDT. An adequate sample 
is required and reports should be based 
on descriptive text, but should include a numer-
ical coding as a guide towards specific further
investigation or therapeutic action.

Surgical samples must be fully documented
both macroscopically and microscopically and
tumors classified according to the TNM status;
the disease can then be staged I to IV.

Initial Treatment
After the initial FNAC for diagnosis and treat-
ment planning, most patients with DTC, espe-
cially those with tumors greater than 1 cm,
multifocal disease, extrathyroidal spread, famil-
ial disease, and those with clinically involved
nodes, will undergo total thyroidectomy fol-
lowed by 131I ablation and TSH suppression.

Surgery
The mainstay of treatment for differentiated
thyroid cancer is surgery. The adequacy of the
surgical procedure is an important factor deter-
mining the outcome: Mazzaferri and Jhiang [9]
found a significant difference in mortality rate
in patients who received less than near-total
thyroidectomy (Figure 2.1), and Hay et al. [13]
found a highly significant difference in recur-
rence rate between unilateral lobectomy and
bilateral lobar resection (Figure 2.2).

Patients with a small cancer of 1 cm diameter
or less and node negative can be adequately
treated by lobectomy followed by TSH suppres-
sion (T4 therapy). Lobectomy alone may also be
appropriate treatment for certain other cases
known to be at low risk, but this decision should
be endorsed by the MDT.

131I Therapy
The majority of patients with a tumor size 
of more than 1 cm diameter should have 131I
ablation therapy. Pregnancy or breast-feeding
must be excluded before radioactive iodine is
administered.

Reassessment with a whole-body radioiodine
scan (after stopping T4 for 4 weeks) is indicated
4–6 months after 131I ablation, although in low
risk patients measurement of Tg alone may be
adequate. If significant uptake of the tracer is
detectable, a further 131I therapy dose should be
given and a posttreatment scan obtained. Fol-
lowing this the patient should restart T4. If there
is suspicion of residual disease, further scans
should be carried out.

Radioiodine therapy should only be carried
out in centers with appropriate facilities and 
will be administered by an oncologist (or
nuclear medicine physician) who is a member
of the MDT and holds an appropriate ARSAC
(Administration of Radioactive Substances
Advisory Committee) certificate.

Figure 2.1 Disease-specific mortality in patients treated with
total or near-total thyroidectomy compared with patients who
underwent less extensive surgery. (Reproduced from Mazzaferri
EL,Thyroid cancer: impact of therapeutic modalities on progno-
sis, Chapter 10 in Thyroid Cancer (ed. Fagin JA), Kluwer Academic
Publishers, Boston/Dordrecht London, 1998, pages 255–284.)
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TSH Suppression
Life-long suppression of the trophic effect of
TSH on tumor cells is one of the main compo-
nents of treatment. This point was well demon-
strated by Mazzaferri [18], who found the
cumulative recurrence rate to be significantly
less when thyroxine had been given compared
with those in whom it was not given (Figure
2.3). Patients should be started on T4 3 days after
131I therapy and maintained at a dose sufficient
to suppress TSH to <0.1 mu/L. T4 is better than
T3 for long-term treatment and the dose must be
sufficient to suppress TSH to <0.1 mu/L (usually
175mg or 200mg per day). Thyroxine must be
discontinued for 4 weeks before 131I scan or
therapy.

Subsequent Management
Follow--up
Surveillance for recurrence of disease is essen-
tial and is based on: annual clinical examina-
tion, annual measurement of serum Tg and

TSH, and diagnostic scanning when indicated
(isotopic imaging and/or ultrasound or CT
scan). Follow-up should be life-long because
thyroid cancer has a long natural history: late
recurrences do occur, which can be successfully
treated. Support and counseling are necessary,
particularly in relation to pregnancy.
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Figure 2.2 Comparison of cumulative disease-specific mortality (left-hand panel) and recurrence (right-hand panel) between
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Serum thyroglobulin (Tg) is a very useful
tumor marker that is used to monitor for recur-
rence, in patients who have been treated with
thyroidectomy and 131I ablation.

Tg should be checked in all postoperative pati-
ents with differentiated thyroid cancer. It is best
measured after TSH stimulation, but for routine
follow-up of patients in remission it is acceptable
to measure it while TSH is suppressed. If the Tg
becomes elevated then steps must be taken to
identify any focus of recurrent tumor.

Recombinant human TSH is now available
and has an evolving role in the management of
selected cases [19]. Recombinant human TSH
(rhTSH) is used instead of stopping T3 or T4

prior to 131I scan or measurement of thyroglob-
ulin, thus avoiding hypothyroidism with its
debilitating symptoms. It is clearly indicated 
in patients who are unable to mount a TSH
response to thyroid hormone withdrawal, and
also those for whom an episode of hypothy-
roidism is particularly undesirable, but may be
used for any low risk patient for diagnostic
purpose, provided serum Tg is undetectable on
suppressive thyroxine therapy and anti-Tg anti-
bodies are absent. Its potential therapeutic role
has not yet been fully evaluated.

Progressive Disease
External beam radiotherapy is only occasionally
used, for patients with T4 (TNM staging)
tumors, or distant metastases. There are a
number of potential new therapies for the treat-
ment of progressive disease, based on develop-
ing knowledge of thyroid cancer biology [for
review see 20] and many of these are currently
undergoing clinical trial.

Medullary Thyroid 
Cancer (MTC)
A section of the guidelines is devoted to
medullary thyroid cancer (MTC), a rare disease
that requires a dedicated, multidisciplinary
regional service, dovetailing with that for MEN1
and MEN2. Developments in the molecular
genetics of MTC have facilitated a rational
framework for management, but the use and
interpretation of molecular diagnostics requires

careful application in individual patients and
their families. Access to a Clinical Genetics Ser-
vice and RET gene testing is therefore essential.

The initial evaluation of suspected MTC
includes FNAC and measurement of plasma 
calcitonin [21,22]. A comprehensive family 
history is required, to search for features 
of endocrinopathies of the MEN2 spectrum
[23,24]. Endocrinopathies associated with MEN
should be sought and all new patients should be
screened biochemically for pheochromocy-
toma. All new patients with MTC should be
referred for RET mutation testing whether or not
there is an evident family history,and this should
include exons 10, 11, 13, 14, and 15; screening of
exons 10 and 11 alone is an incomplete test.

The mainstay of treatment for MTC is total
thyroidectomy and central node dissection;
the adequacy of the initial operation largely
determines the long-term outcome of the
disease. Prophylactic surgery is recommended
for disease-free carriers of germline RET muta-
tions; the precise mutation found will guide the
timing of the surgery [25]. Life-long follow-up 
is essential and includes monitoring of the
tumor marker calcitonin. More detailed consen-
sus guidelines for the diagnosis and manage-
ment of the MEN2 syndromes are available [25].

The Guidelines Now
Implementation
The intention was that the guidelines be
adopted by the individual Regional Cancer Net-
works in the UK, and that they should be an
essential reference for all who are involved in
any way with the treatment of patients with
thyroid cancer, whether managers, hospital spe-
cialists, specialist nurses, primary care physi-
cians, or professional organizations. The onus is
on clinicians and managers and other members
of the MDTs, to ensure that the necessary rec-
ommendations and changes to organization
and practice are put into effect. It is much to be
hoped that implementation of the guidelines
through local protocols is resulting in the
fulfillment of the stated objectives and the deliv-
ery of high quality care across the UK, with sub-
sequent improvement in survival and quality of
life for patients with thyroid cancer.
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Audit
Regular audit of outcomes and processes should
be carried out. All patients with thyroid cancer
should be registered, and an appropriate
national dataset for this purpose is in the
process of development in the UK by the NHS
Information Authority. Prospective data collec-
tion will allow audit of national outcomes and
will provide the potential for assessment of dif-
ferent treatment modalities.

Revision and Update
It was the expectation that a full review of the
guidelines would take place 3 years after their
publication. This will need to take particular
note of new developments and recent publica-
tions. In this context the sections that will
clearly require modification are those relating to
use of rhTSH, the measurement of thyroglo-
bulin, the use of 18fluorodeoxyglucose positron
emission tomography (18F-FDG-PET) scanning
in recurrent or metastatic disease, and the treat-
ment of progressive disease.

Summary
This chapter has reviewed the UK guidelines 
for the management of thyroid cancer and 
made reference to other available guidelines.
The objective for clinicians involved in treating
thyroid cancer must be to achieve lower recur-
rence rate and lower mortality rate. This will
require early diagnosis and treatment, specialist
management of patients by an MDT, adherence
to guidelines, better detection of recurrence,
and more effective treatment for progressive
disease. In addition, clinicians should aim for
improved wellbeing of the patient, and to that
end consideration must be given to improving
communication as well as the avoidance of
hypothyroidism.
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Obtaining Information

“Guidelines for the management of thyroid
cancer in adults” can be obtained from the
Publications Department, Royal College of
Physicians, 11 St Andrews Place, London
NW1 4LE, UK.

The Patient Information booklets can be
obtained from the British Thyroid Founda-
tion, PO Box 97, Clifford, Wetherby, West
Yorkshire LS23 6XD, UK.

Guidelines and patient information booklets
can also be viewed at: www.British-
Thyroid-Association.org.



Abbreviations and
Definitions

AACE American Association of
Clinical Endocrinologists

ARSAC Administration of Radioactive 
Substances Advisory 
Committee

BAES British Association of
Endocrine Surgeons

BAHNO British Association of Head 
and Neck Oncologists

BTA British Thyroid Association
Calman In 1995 an expert advisory 

–Hine group on cancer (EAGC) was 
set up with the chief medical 
officers of health for England 
and for Wales Sir Kenneth 
Calman and Dame Deidre 
Hine, respectively. It made 
major recommendations 
about how to improve the 
organization and delivery of
cancer services across the 

“Once a paradigm through which to view nature has
been found there is no such thing as research in the
absence of any paradigm. To reject one paradigm
without simultaneously substituting another is to
reject science itself.” (Thomas S. Kuhn [1])

3
Thyroid Cancer Multidisciplinary Team and the
Organizational Paradigm
Ujjal K. Mallick
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country emphasizing the three 
major elements of cancer care 
– primary care, cancer unit,
and cancer centers

Cancer Larger hospitals dealing with 
center common as well as rarer 

cancers referred from cancer 
units. They also provide 
special diagnostic and 
therapeutic techniques, like 
radiotherapy

Cancer An organization modeled for 
network cancer services to implement 

the cancer plan bringing 
together health service 
commissioners (health 
authorities, primary care 
groups and hospital trusts) 
and providers (primary and 
community care and 
hospitals), the voluntary sector
and local authorities. Each 
network typically serve a 
population of around 1–2 
million people. Cancer 
networks work together to 
develop strategic service 
delivery plans to develop all 
aspects of cancer services,
prevention, screening,
diagnosis, treatment,
supportive care, and 
specialist palliative care
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Introduction
The story of management of differentiated
thyroid carcinoma in recent years has been a
story of shifting paradigms. In many areas new
ones have been developed or are being devel-
oped, indicating significant advances in the
approach to the management of thyroid cancer.
These are covered in several chapters in this
book and a short list is given below:

1. Preoperative molecular diagnosis on
fine-needle aspiration (FNA) cytology.

2. Genome-wide expression profiling
(genomics), transcriptomics, proteomics,
and metabolomics for molecular risk 
categorization.

3. Development of consensus guidelines in
several countries for optimal manage-
ment of thyroid cancer.

4. Extent of initial surgery.
5. The role of high dose versus low dose

radioiodine treatment for differentiated
thyroid cancer.

6. Consensus in strategies of follow-up for
differentiated thyroid cancer.

7. Role of recombinant human TSH
(rhTSH) in diagnosis and management.

8. The role of sodium iodide symporter gene
and molecular targeting in thyroid cancer.

9. Development of service standards and
organizational framework for the multi-
disciplinary team management of thyroid
cancer.

10. Patient and carer involvement in man-
agement decisions.

The development of service standards and
the multidisciplinary team management of
thyroid cancer has been another major concep-
tual shift in the overall management of thyroid
cancer, certainly in the UK.

Thyroid Cancer Management –
Patterns of Care Studies
Until recently we had a kind of Panglossian 
view about the outcome of thyroid cancer [2]. It
was thought that thyroid cancer was rare and
highly curable and that the management process

Cancer These are established in those
unit district general hospitals 

that are large enough to have 
clinical teams with the 
expertise and facilities to 
deal with the more common 
cancers, such as breast, lung,
and colorectal (bowel) cancers

DTC Differentiated thyroid cancer
FNAC Fine-needle aspiration cytology
IMA Immunometric assay
IMRT Intensity modulated radiotherapy

– special technique of external 
beam radiotherapy where 
high doses can be given to 
tumors close to vital structures 
like spinal cord twithout 
exceeding the tolerance 
dosage of the vital organ by 
controlling the energy 
deposited in real time in 
different parts of the radiation 
field by complex computer 
based treatment planning

IOG Improving Outcomes Guidance
IR(ME)R The Ionising Radiation (Medical 

Exposures) Regulations 2000
IRR Ionising Radiations Regulations
MCS Manual of Cancer Services 

Standards
MDT Multidisciplinary team
NCCN National Comprehensive 

Cancer Network, USA
NICE National Institute of Clinical 

Excellence. Gives health 
professionals advice on 
providing their NHS patients 
with the highest clinical 
standards of care. It gives 
guidance on health 
technologies, management of
specific conditions and safety,
cost effectiveness, and efficacy 
of interventional diagnostic 
and therapeutic procedures

NSSG Network (Tumour) Site specific 
Group

NYCRIS Northern and Yorkshire 
Cancer Registry and 
Information Service

PET Positron emission tomography
rhTSH Recombinant human TSH
RIA Radioimmunoassay
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was very satisfactory with the best possible
outcome. However, there is evidence that the
incidence of papillary thyroid cancer is rising
worldwide [3] and the survival figures for
thyroid cancer in the UK are worse than the
European average [4]. While factors such as reg-
istration and case mix might partly explain this
difference it is also likely that differences in
management strategies have a significant effect
on overall survival.

The thyroid cancer service in the UK in the
past has been rather patchy, inconsistent, and
fragmented and did not follow any specific
guidelines. Recent publications have suggested
that there is considerable room for improve-
ment. Reports from other countries also sug-
gested the need for more organization of
multidisciplinary management and treatment
according to consensus guidelines [5–11].

The author was involved with a recent study
in the north of England which looked at all
thyroid cancer patients diagnosed between 1998
and 1999 (234 patients) and examined responses
from 48 consultants and 10 other healthcare pro-
fessionals involved in treating thyroid cancer
patients in 2001 and 2002. The conclusion was
that prior to the publication of local and national
guidelines, practice in this region was not very
satisfactory. It was found that 18% of pathology
results were incorrect. After review of histology,
18% of patients had a different prognosis and
8% had a different treatment plan as a result.
FNA cytology was not widely used and experi-
enced cytologists were not available; 33% of
patients were operated on by a surgeon who 
performed fewer than five surgical procedures
for thyroid cancer a year. However, in 2001 half
the surgeons questioned were operating on
more than 20 cases of nonmalignant thyroid
disease. Fewer than half the patients had satis-
factory discussion that was documented in the
notes or had adequate written information 
provided about their illness [7].

Volume–Outcome
Relationships, Centralization
(Regionalization) of Service
A group called “The Leapfrog Group” (www.
leapfroggroup.org) has been set up in the USA
recommending that patients are referred to high

volume hospitals for major surgical interven-
tions such as esophagectomy, pancreatectomy,
and coronary arterial bypass graft on the basis
that outcomes of high risk procedures in high
volume hospitals are better than in low volume
hospitals.

While much discussion is taking place about
the implications of this approach it is also
becoming clear from many publications that
outcomes of major and specialized cancer
surgery and treatment of rare cancers like
thyroid cancer have a positive volume–outcome
relationship in that outcomes might be better in
high volume hospitals than in hospitals that see
only a few patients a year [12–16].

On the basis of these and other publications
it may be that in the future thyroid cancer
surgery and management will be centralized or
concentrated in higher volume settings, which
in other countries is a concept known as
“regionalization” [17,18].

Multidisciplinary Team 
(MDT) – Advantages and
Disadvantages
In the Introduction to “NHS Cancer Plan, Three
Year Progress Report – Maintaining the
Momentum” the National Cancer Director,
Professor Mike Richards, said that the estab-
lishment of specialist cancer teams across the
country has been one of the most important
developments in recent years. “These multidis-
ciplinary teams bringing together surgeons,
radiologists, pathologists, oncologists, palliative
care specialists and other professionals are now
helping to ensure that patients receive appro-
priate investigations and treatment and they are
helping to deliver co-ordinated care within the
hospitals.” He also said “The primary secondary
and tertiary level services need to work closely
together and that is what has been achieved by
the Cancer Networks, which facilitate service
planning and co-ordination across the institu-
tional boundaries” [19].

The advantages of a multidisciplinary team
looking after thyroid cancer are well known and
have been detailed in the recent Improving Out-
comes Guidance (IOG) by NICE [20]. The most
important benefit of multidisciplinary working
is that each individual patient gets the most
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appropriate treatment decision made by a team
of experts. It is possible to consider each single
patient from a range of view points from people
with different areas of expertise. This ensures
that each patient is offered the best possible
treatment currently available. Structured organ-
ization of MDT meetings is crucial so that dif-
ferent professionals can make their contribution
without being present for the whole of the
meeting if this is not necessary, thereby saving
staff time. The key requirement is that each dis-
cipline is able to contribute independently to the
decisions so that individual patients get the
most appropriate treatment decision.

It can also improve communication and 
coordination of communication between pro-
fessionals and patients and carers and co-
ordination throughout the service. It is an 
effective framework for maintaining uniformity 
of treatment delivery across the country.
Auditable standards will lead to improving the
service continually. Continuing professional
development of members and adherence to
published guidelines can be supported and
monitored.

It also speeds up and streamlines the referral
process and thereby reduces undesirable delay
in starting treatment.

The disadvantage of course is that this is quite
time intensive and is resource dependent.
Proper resourcing of manpower and facilities
are required for the professionals to provide the
time necessary for regular multidisciplinary
meetings.

Each thyroid MDT should be typically cover-
ing a population base of 1 million in the UK and
it may not be possible to institute all the rec-
ommendations at once. Therefore prioritization
is going to have to be made and desirable MDT
functioning can only be achieved gradually over
a period of time. It is estimated that the cost of
setting up MDT functioning in the UK might be
more than two to three million pounds for head
and neck cancer only. For thyroid cancer MDT
the expenses would be mainly the appointment
of adequate staff including specialist nurses,
MDT coordinators and support staff to allow
them to have their MDT meetings and to par-
ticipate in regular audit and studies [20]. The
cost of provision of services, such as the provi-
sion of neck lump clinics, recombinant human
TSH, and access to PET scans etc., would also be
significant.

Importance of the MDT in
Thyroid Cancer Management
The importance of MDT working for thyroid
cancer is well recognized and is recommended
by most thyroid clinicians across the world. In
the UK the British Thyroid Association Guide-
lines have recommended that MDT working
should be a mandatory requirement for any
center involved in the management of thyroid
cancer [21–30].

The recent executive report published by the
Northern and Yorkshire Cancer Registry and
Information Service (NYCRIS) in June 2004
revealed that fewer than half the clinicians who
responded did belong to an MDT in 2001–2002.
It also concluded that the value of MDTs cannot
be overstated and the suboptimal service that
existed in the past can only be improved by the
institution of MDT management as recom-
mended by the national guidelines [7].

Multidisciplinary Team
Organization in Different
Countries
The MDT in the USA mostly comprises of endo-
crinologists, nuclear medicine specialists who
do the nuclear medicine components, patholo-
gists who are familiar with these tumors, radio-
logists who perform the other imaging studies
such as positron emission tomography (PET),
endocrine and head and neck surgeons, and
radiotherapy specialists who get involved with
external beam radiotherapy. The primary care
practitioners do not get very involved in man-
agement, but are key players in the identification
of thyroid nodules. Oncology nurses are not
usually involved in the care of patients with
thyroid cancer. Most medical centers have a
tumor board comprising these specialists and
that group tends to help formulate the overall
plan of management for thyroid cancer. In 
most cases, endocrinologists take the lead and
arrange long-term follow-up. Many of the
endocrinologists also do office ultrasonography
(E. Mazzaferri, personal communication).

In Italy the thyroid cancer service is provided
mainly by five or six major centers and all of
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them have well-established MDTs. The endocri-
nologists take a lead role and nuclear medicine
physicians deal with the radioiodine treatments.
The composition of teams is more or less the
same as in the UK and USA. Meetings take 
place according to caseload, for example once a
month or more frequently. The catchment pop-
ulation varies as some centers act as national
and international centers of excellence. In
smaller centers not all cases are necessarily dis-
cussed in the MDT but patients with complex
management problems are discussed. As else-
where specialist nurses and primary care physi-
cians are not regularly involved in all centers (F.
Pacini, personal communication).

In Germany several Regional Tumour Reg-
istries were set up many years ago but they were
not directly involved with day-to-day treatment.
Over the last 2–3 years MDTs for thyroid cancer
have been operational in university hospitals.
Currently about a third of the university hospi-
tals have established MDTs. They tend to follow
national consensus guidelines for management,
which were developed about 5 years ago.
Smaller centers tend to refer thyroid cancer
patients to these university hospitals for man-
agement. The group composition is the same as
elsewhere, with nuclear medicine specialists
taking the lead role. They arrange radioiodine
treatments and subsequent follow-up after
surgery (C. Reiners, personal communication).

In France all the ten large cancer networks
have MDTs for thyroid cancer. The team consists
of a nuclear medicine physician, endocrinolo-
gist, pathologist, surgeon, and a radiotherapist
and oncologist. Endocrinologists, largely, and
sometimes nuclear medicine physicians, take 
a lead role in follow-up. The radioiodine is
administered by the nuclear medicine physi-
cians. Large centers have a weekly MDT meeting
and some see up to 300 new patients a year.
Specialist nurses and general practitioners are
not always involved (E. Baudin, personal 
communication).

In the UK most big centers and some big
cancer units now have MDTs as a mandatory
requirement within the National Cancer Plan.
Compliance with the standards is currently very
variable. Large centers achieve most of the pri-
ority 1* standards while the smaller units still
find it difficult. The main problem is time con-
straints for staff in hard-pressed specialties who
have to attend several cancer MDTs, for example

oncologists radiologists, pathologists, and lack
of specialist nurses and support for the MDT.
However, commitment and support is being
provided by networks and hospital trusts and
publication of the NICE IOG will certainly
improve the situation. Mostly clinical oncolo-
gists and in some centers nuclear medicine 
specialists conduct the radioiodine treatment.
Clinical oncologists, surgeons, and endocrinol-
ogists arrange shared or joint clinic follow-up.
Further details are provided later in the chapter
and especially in the summary table (see Table
3.1).

In India thyroid cancer is generally managed
by a team consisting of nuclear medicine physi-
cians, surgeons, radiotherapist, endocrinologist,
and very rarely, a medical oncologist. The
nuclear medicine physician generally is the lead
and arranges long-term follow-up. These teams
are restricted only to very few major specialist
centers in big cities. Some big centers treat up to
400–500 patients with radioiodine each year.
Generally the team meets weekly, depending on
caseload (C. S. Bal, personal communication).

In Australia the multidisciplinary teams 
and clinics are confined to capital cities and
major regional centers. They usually consist of
an endocrinologist, radiation oncologist, a
surgeon, and generally a pathologist. They
usually meet weekly, depending on the caseload.
In some centers about five to six new cases are
seen a week from a population of about 3.75
million. In situations like this, where there is
such a center covering 1.6 million square kilo-
meters in area and such a big population, the
local general practitioners often have to arrange
additional diagnostic tests locally before appro-
priate referral to the center (G. Mitchell, per-
sonal communication).

The Structure and Function of
the Thyroid Cancer MDT in the
UK – the NICE Guidance
The National Institute of Clinical Excellence
published an “improvement in outcomes” guid-
ance for head and neck cancer in November
2004. This is a most comprehensive assessment
of the service and will provide detailed and
definitive advice about service configuration
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and commissioning of cancer services for
thyroid cancer as well. The following is a
summary. For the details the reader is advised
to consult the manual [20] or the website –
www.nice.org.uk.

The responsibility of the thyroid MDT would
be to provide a service usually for a population
base of over 1 million and generally should be
established in a cancer center or involve several
cancer units.

Thyroid cancer MDT can either be part of a
currently existing head and neck cancer team or
operate as a separate endocrine oncology team
who discuss predominantly malignant but also
benign thyroid conditions.

The MDT should be responsible for the diag-
nosis, assessment, decisions about treatment
and overall management of patients throughout
the course of the disease and also provide
support.

The MDT should decide what would be the
most appropriate treatment for individual
patients and where and by whom it should be
carried out.

Teams should be responsible for providing
the highest quality of care promptly and
efficiently and provide information to patients,
their primary care physicians, and all profes-
sionals concerned.

The MDT should also support, advise, and
educate professionals who provide services for
these patients outside of the cancer center and
therefore may have to provide an outreach
service.

The MDT should make arrangements for
referral at each stage of the patient’s treatment,
which should be streamlined.

A named member of the core team should be
the principal clinician to whom the patient
should relate at one particular time.

MDT coordinators should organize a meeting
at a specific time and on a regular basis.

Audit would be a central feature regarding
clinical outcomes, and patient and carer surveys
should also be carried out.

The MDT should also take responsibility for
making sure that comprehensive data collection
takes place regarding the patient’s stage, treat-
ment decision, and outcomes, and that regular
audits are undertaken.

There have been a lot of publications about a
positive volume and outcome relationship, par-
ticularly in oncology, and it would appear that

outcome is likely to be better in centers with a
larger volume of work in thyroid cancer surgery
and management than in centers that see only a
few patients a year, as already indicated earlier
in this chapter. In the long term, it is likely that
surgery will be centralized so that it is done by
specialized surgeons.

Also more reliable and meaningful audits or
studies can be carried out and skills can be
maintained and improved in rare cancers like
thyroid cancer if large numbers are concen-
trated in a center and treated by a small number
of experts [20].

These measures will lead to the provision 
of uniform and high quality care across the
country.

MDT Standards and Manual of
Cancer Services Standards
(MCS) UK, 2004
The MCS 2004 [31] details MDT measures
which review many aspects of the MDT includ-
ing structure and function recommended by 
the NICE IOG and some key points are men-
tioned below. It currently covers the generic
MDT and MDT for common cancers such as
breast or lung for which the IOG have been 
published for some time. The thyroid and 
head and neck cancer MDT measures will be
published soon.

Definition of MDT
The most practical definition suggested by the
Manual of Cancer Services Standards UK, pub-
lished in July 2004, is given below.

This is best answered from the patient’s point of view.
If you were a patient, who would you consider to be
your MDT?

Primarily it is that group of people of different
health care disciplines, which meets together at a
given time (whether physically in one place, or by
video or tele-conferencing) to discuss a given pati-
ent and who are each able to contribute indep-
endently to the diagnostic and treatment decisions
about the patient. They constitute that patient’s MDT
[31].

The actual composition of the MDT of course
will vary, depending on which tumor site the
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team is supposed to manage, and for the thyroid
cancer specific MDT is detailed in Table 3.1.

The Objectives of MDT
The key objective is to provide each individual
patient with the best possible management deci-
sions currently available. Again the definition of
this as mentioned in the MCS is as follows:

• To ensure that designated specialists work
effectively together in teams such that
decisions regarding all aspects of diagno-
sis, treatment, and care of individual
patients and decisions regarding the team’s
operational policies are multidisciplinary
decisions.

• To ensure that care is given according to
recognized guidelines (including guide-
lines for onward referrals) with appropri-
ate information being collected to inform
clinical decision-making and to support
clinical governance/audit.

• To ensure that mechanisms are in place to
support entry of eligible patients into clin-
ical trials, subject to patients giving fully
informed consent [31].

The Proposed Structure and MDT
Standards for Thyroid Cancer
The details of the standards and the measures
to achieve the required compliance are obvi-
ously not relevant to clinicians in other coun-
tries but there is similarity in many aspects and
it may provide a basis for further developments.

A proposed thyroid MDT standards list is
given in Table 3.1. This has been modified from
the Breast Cancer Standards 2004 and therefore
is not the definitive document. Thyroid cancer
MDT measures based on the NICE IOG will be
published by the Department of Health in due
course. However, Table 3.1 will give some idea
about the comprehensive nature of the stan-
dards that an MDT will have to follow and 
can act as a discussion paper for development 
of multidisciplinary practice for any center
wanting to develop a reliable service framework.

The unique feature is that these standards are
auditable and can be monitored.

For further details the reader is advised to go
to the website – www.dh.gov.uk.

Peer Review
The functions of the MDT are supported by
cancer centers and cancer units, and audit of
the standards is facilitated by external peer
review visits to assess compliance and to
provide support and suggestions for improve-
ment. If there are any areas of noncompliance
with suboptimal service provision the trust and
the networks are provided with support with
resources to correct this before the peer review
visit, which will take place every 3 years.

The National Manual of Quality Measures 
for Cancer Peer Review 2004 (www.dh.gov.uk/
policy and guidance) has also been published
following the positive evaluation of the first
round of cancer peer review in 2001.

Cancer peer review visits “aim to improve
care for people with cancer and their families by
ensuring that services are as safe as possible,
improving the quality and effectiveness and
care, improving the patient and carer experi-
ence, undertaking independent fair reviews of
services, providing development and learning
for all involved and encouraging the dissemina-
tion of good practice.” The process of peer
review will encompass not only quality meas-
ures but also the whole system of patient care
and the patient and carer experience.

It is expected that a peer review will manda-
torily review all MTDs for cancer types that have
so far been covered by the Improving Outcomes
Guidance processes detailed by NICE. Therefore
it will eventually cover functioning of thyroid
cancer MDTs in due course. It will assess com-
pliance with the MDT standards as indicated in
Table 3.1 in addition to other aspects of the
service as indicated above [31,32].

The Future and Development
of International Best 
Practice Models
In the absence of randomized controlled trials
the treatment of thyroid cancer across the world
is largely based on national guidelines and con-
sensus statements. Although different centers 
in different countries have their own frame-
work for commissioning and service delivery
for thyroid cancer, there are some common



Table 3.1 The multidisciplinary team (MDT) for local thyroid cancer

Measure
number Measure Level

MDT leadership
1 Single named lead clinician 1*
2 Agreed responsibilities with host hospital trust lead clinician 1*

Team criteria
3 MDT listed as part of the named services within the network locality 1*

MDT structure
4 Named core members of the MDT specialist surgeon, endocrinologist, oncologists, or nuclear 1*

medicine physician, pathologist, medical physicist, radiologist, specialist nurse.
5 Team attendance at NSSG meetings 1*
6 Named lead histopathologist 1*
7 Named lead imaging consultant 1*
8 All consultants core members of at least one MDT 1*
9 Two named core team members from each professional group 1

MDT meeting
10 If separate prediagnostic MDT membership named 1*
11 Thyroid-specific standard 1*

Meet regularly (weekly, fortnightly, or monthly depending on caseload) and record core 
attendance and protocols for referral before next scheduled meeting

12 Core member (or cover) present for half of meetings 1*
13 Core members (or cover) present for two-thirds of meetings 1
14 MDT agreed cover arrangements for core member 1*

Operational policies
15 Annual meeting to discuss operational policy 1*
16 Policy for all new patients to be reviewed by MDT 1*
17 Policy for communication of diagnosis to GP 1
18 Completed audit of timeliness of diagnosis notification 1
19 Written policy to provide general practitioners or primary care trusts with data on 1

timeliness of urgent referrals
20 Operational policy for named key worker 1*
21 Implementation of key worker policy 1
22 Thyroid-specific standard

Core MDT clinical consultants spend at least one to two direct clinical care session for 1
thyroid cancer every week (for discussion depending on caseload and local variables)

23 Thyroid-specific standard
Core MDT nurse spends at least 50% of time on thyroid cancer (for discussion) 1

24 Thyroid-specific standard
Thyroid cancer clinicians would be trained to appropriate guidelines, for example BAHNO 1*

(British Association of Head and Neck Oncologists, Otolaryngologists), British Association 
of Endocrine Surgeons, British Thyroid Association, ARSAC, IRR, IR(ME)R etc.

25 Written agreement between MDT and other clinicians who are not regular core members 1
of the MDT

26 Thyroid-specific standard
Core MDT nuclear medicine specialist has reported a minimum number of I131 scans and 1*

delivered a minimum number of high dose I131 therapy. The number to be discussed by 
professional organizations according to region and workload

27 Thyroid-specific standard
Lead clinician ensures with relevant core members that sensitive and reliable thyroglobulin 1*

assay (IMA or RIA) and thyroglobulin antibody assessments are available
28 Thyroid-specific standard

Lead clinician ensures that facilities for recombinant human TSH, PET scanning are 1
available (depending on local variables)

29 Thyroid-specific standard
Lead clinician ensures that a written protocol for radio iodine administration agreed by the 1*

MDT is available 
Lead clinician ensures optimum facilities are available for delivering high dose radioiodine 1*

ablation and treatment by trained clinicians following the Ionising
Radiation Regulations, which are carried out in the referral hospital which acts as a 1*

catchment area for this MDT and maintains their caseload
MDT nurse specialist



Table 3.1 Continued

Measure
number Measure Level

30 Core nurse member undertaking or enrolled for specialist study 1*
31 Core nurse member completed specialist study 1
32 Core nurse member undertaking or enrolled for communication skills study 1*
33 Core nurse member completed communication skills study 1
34 Agreed responsibility for core nurse members 1*
35 Agreed list of additional responsibilities for management and research for the core nurse 1*

member
36 Thyroid-specific standard

Extended membership of MDT: Specialist palliative care, consultant clinical psychologist, 1*
biochemist, medical oncologist, geneticist

Team function
37 Agreement for communication to patients and policy for access to MDT by patients/carers 1*
38 Patient permanent consultation record 1*
39 Patient experience survey 1*
40 Presentation and discussion of patient experience survey 1
41 Implementation of action point arising from survey 1
42 Provision of written patient information 1*
43 Patient notes checklist 1
44 Agree and record individual patient treatment planning decision 1*

Clinical guidelines
45 Network site-specific group agreed clinical guidelines 1*
46 Network site-specific group agreed referral guidelines 1*

Imaging guidelines
47 Network site-specific group agreed diagnosis, assessment imaging guidelines 1*

Pathology guidelines
48 Network site-specific group agreed diagnosis, assessment pathology guidelines 1*

Follow-up guidelines
49 Thyroid-specific standard 1*

MDT/Network agreed guidelines for thyroid cancer follow-up
Data collection

50 MDT/Network agreed collection of minimum data set 1*
51 MDT/Network site-specific group agreed policy for the electronic collection of specific 1*

portions of minimum data set (MDS)
52 One year’s cancer registry % return 1*
53 Registry return compared to patient numbers discussed at MDT 1*

Network audit
54 MDT/Network site-specific group agreed participation in network audit 1*
55 MDT present results from participation in audit to NSSG 1

Trial
56 MDT/Network-site specific group agreed list of approved studies and trials 1

(although rare for thyroid cancer)
Service improvement

57 MDT agreed core member responsible for integration of service improvement 1*
58 Patient cancer journey process mapping and action plan 1*
59 One resulting service improvement action point with supporting data 1*
60 Network service improvement lead capacity/demand study 1
61 Patient choice to pre-book 2-week wait referral appointment 1*
62 Patient choice to pre-book first diagnostic test appointment 2
63 Patient choice to choose and pre-book elective admission date 1*
64 Patient choice to choose and pre-book first treatment date 2
65 Thyroid-specific standard – for discussion 1*

Workload of at least 25 new patients per year (benign and malignant) for surgeons.
Possibly the same number of new thyroid cancer patients for the other core 
members of the MDT. It would of course vary from area to area and geographic 
location and the size of the catchment population

Key to table: Level of standards have been classified such that the level 1 and level 2 indicate relative priority that cancer networks should give
to the achievement. Some level 1 standards, which are asterisked, are standards the network should as a priority ensure are in place.
Crown copyright material is reproduced with the permission of the Controller of HMSO and the Queen’s Printer for Scotland.
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themes. It is therefore also possible that a syn-
thesis from these existing frameworks may in
the future lead to a consensus and development
of international best practice models for service
delivery, service redesign, and modernization.
This of course needs to take into consideration
geographical and societal factors, healthcare
systems and healthcare priorities of the local
population and financial constraints.

MDT Management Pathway
for Differentiated Thyroid
Cancer at a Glance – 
an Example
Introduction

• Management decisions for thyroid cancer
are based largely on retrospective studies
with level of evidence at III/IV and grades
of recommendation at level B/C.

• Appropriate national guidelines, for
example BTA, AACE, NCCN, or other con-
sensus guidelines should be followed.

• Setting up a regular MDT meeting with a
core group of specialists as indicated in
Table 3.1 is the first step. Members of the
extended team should be contacted as and
when necessary.

• Clinicians who are not members of the
MDT should refer patients onwards to a
core member of the MDT.

• Cytology and pathology, surgery, radioio-
dine therapy, and endocrine and genetic
aspects of management in particular
should be restricted to specialists.

• Structured organization of MDT meetings
is crucial to prevent wastage of staff time.

• All new and old patients with management
problems should be discussed in the MDT
for truly multidisciplinary decisions which
are properly recorded and disseminated
promptly to appropriate members.

• The patient should be provided with 
adequate written information or other
sources, such as video or CD–ROM,
approved by the team. The patient should
be offered the opportunity to pre-visit the

radioiodine suite and meet another patient
who has had treatment if the patient so
wishes.

• The treatment plan, the supporting 
evidence, outcome, and side effects should
be fully and openly discussed with each
patient before being asked to give
informed consent.

• The importance of Involving the informed
patient in the decision-making process is
paramount.

• Patients should have easy access to the key
MDT member at each stage of treatment
and have support and counseling.

• Continuing professional development of
members is essential.

• Many of the above suggestions are part of
professional self-regulation and largely
resource-neutral and achievable even in
developing countries where other clinical
priorities may make the following sugges-
tions unrealistic and impossible at present.

• Complying with the thyroid-specific 
standards and priority 1* standards as far
as practicable commensurate with local
variables, caseload, financial and staffing
resources is the next step.

• At least two audit projects and patient
surveys a year and taking action on the
basis of these are recommended.

• This exists in many developed countries in
different formats and many parts of the
UK but achieving all standards will need
time, resources, and support from the
cancer networks.

• It is helpful to have the views of patient
support groups or patient panels for policy
decisions regarding service development
issues.

These are summary points. Please consult 
relevant chapters for the evidentiary scientific
basis, detailed discussion, and references about
the options mentioned below, which represent
one viewpoint but not how an individual patient
should be treated.

Primary Care
• Referral guidelines and guidelines for

primary care should be followed.
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• Primary care has an important role in mul-
tidisciplinary management of thyroid
cancer in the UK.

• Easy and quick access to key MDT mem-
bers is vital.

• Suspicious thyroid nodules or lumps
(especially with the following features)
should be referred to a surgeon or
endocrinologist of the MDT.
(a) New nodule or old nodule increasing

in size.
(b) Nodule in a patient with a family

history of thyroid cancer.
(c) Nodule in a patient with a history of

neck irradiation.
(d) Nodule in the extremes of age, <10,

>65.
(e) Nodule with unexplained hoarseness

and voice changes.
(f) Nodule with cervical lymph node.
(g) Rarely stridor with a large thyroid

swelling (urgent referral needed) [21].
• Only thyroid function tests required before

referral (in some places ultrasound may be
appropriate).

• Help from primary care may be required
with optimal TSH suppression (TSH 
<0.1) in most cases (or low normal if
appropriate).

• Support required from primary care
during pregnancy, recurrent disease, for
hypocalcemia, and regarding long-term
effects of high dose thyroxine on bone and
cardiovascular system etc.

Initial Treatment
• Clinical assessment and FNA cytology

(with/without ultrasound, sometimes core
biopsy) by the surgeon or endocrinologist
is the gold standard investigation.

• Other preoperative investigations as
appropriate according to approved 
guidelines.

• Discussion of cytology/biopsy in diagnos-
tic MDT if available or MDT.

• Decision about extent of surgery according
to the agreed guidelines of the MDT.
Near-total or total thyroidectomy + level VI

node dissection (preferred by majority).

Mazzaferri, [40] British Thyroid Associa-
tion (BTA) guidelines, Clark, [41] Hay
[42] (low + high risk), Cady [43] (high
risk only).

Hemithyroidectomy.
Cady (low risk) [43].

• Decision on the need for completion thy-
roidectomy if follicular carcinoma after
hemithyroidectomy for indeterminate
cytology.

• Discussion of histology in the MDT fol-
lowing surgery.

• Risk categorization by pTNM (more
widely used) or AMES or MACIS.

• Decision on ablation versus no ablation as
per MDT guideline.
(Chapters 1, 17); Sawka et al. [34], Mazza-

ferri [35].
Mazzaferri, [40] BTA guidelines – routine

for >1.5 cm tumors.
Hay [44] – only for MACIS >6 (high risk).
Cady – only for high risk AMES.

• Discussion of diagnosis and treatment
plan fully with patient in the presence of a
specialist nurse or counselor for support.

• Serious diagnosis of cancer or its compli-
cations should be notified to the primary
care team within 24 hours in the UK.

• Agreed nuclear medicine departmental
protocol for radioiodine administration
should be available.

• Decision on low dose(1.1 GBq) or high
dose(3 GBq) ablation according to agreed
MDT guideline.
Bal (1996 and 2004), Creutzig, [47]

Johansen [48] – Low dose (preferred in
many countries but not widely practiced
yet in the UK).

Doi (meta-analysis) [49] – low dose
equally effective mainly after optimal
thyroidectomy with a small remnant.

Sirisalipoch (multicenter trial) – low dose
not as effective (Chapters 1, 17, 20]) [33].

Follow-up
• Joint clinic or shared follow-up.
• To ensure availability of reliable assay 

of thyroglobulin (IMA or RIA) and thy-
roglobulin antibodies [Chapter 18] [36].
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• Assessment of ablation at 6–12 months 
by thyroglobulin (rhTSH or off TSH) with
or without diagnostic scan (the latter is
becoming routine) (Chapters 1, 17)
[37,38].

• rhTSH stimulated thyroglobulin assess-
ment gives reliable information about
disease control certainly in low risk 
cases. The level of thyroglobulin rise 
may be about half of that after thyroxine
withdrawal.

• During subsequent follow-up for low 
risk cancers if stimulated thyroglobulin
(Tg) is >2 (when Tg on T4 is undetect-
able, happens in about 20% of cases)
further investigation should be considered
[37].

• Routine diagnostic scans do not neces-
sarily provide additional information
regarding management (except when thy-
roglobulin antibodies are present).

• Follow up strategies should be based on
American or European consensus guid-
ance [37,38].

• Ensuring availability of recombinant
human TSH (rhTSH) for follow-up and
treatment in appropriate cases.

• Neck ultrasound by an experienced radiol-
ogist is very valuable for follow-up and is
highly sensitive in detecting residual or
recurrent disease along with thyroglobulin
assessment after recombinant human TSH
[Chapter 17].

• To consider whether full TSH suppression
(<0.1) is necessary long term for low 
risk cases after rhTSH stimulated thy-
roglobulin becomes undetectable after
initial treatment in view of long-term
effects of high thyroxine on bone and heart
[38].

• Support and advice required regarding
childbearing in appropriate cases.

• Support and advice required regarding
long-term side effects, especially 131I-
related late effects, surgery-related voice
changes and long-term hypocalcemia;
osteoporosis, and cardiac effects of long-
term TSH suppression.

• Strategy for long-term follow-up in con-
junction with primary care needs to be
agreed.

Recurrent Disease

• Discussion of all recurrent and metastatic
disease in the MDT which may need mul-
tidisciplinary management of complex
problems.

• PET scan should be available, especially for
patients with raised thyroglobulin and
negative scan.

• Surgery, radioiodine, external beam radio-
therapy, and combinations are the main
treatment options for recurrent disease; in a
small proportion of patients embolization,
redifferentiation therapy, and therapeutic
radiolabeled octreotide may be of use.

• Radioactive iodine – it is preferable to 
keep the cumulative radioiodine doses to
<20 GBq (Schlumberger, [50] especially if
the patient has also had external beam
radiotherapy) or at least below 40 GBq if
clinical situation allows. The time interval
between repeated radioiodine treatment
doses should be kept to about 12 months
and not less than 6 months if possible
unless there is rapidly progressive disease.
This probably minimizes long-term side
effects of radioiodine. Fixed dose (5–7
GBq) is common or dosimetry-based
doses can be used (Chapters 1, 15).

• External beam radiotherapy – three-
dimensional conformal radiotherapy
should be used in appropriate cases as an
adjuvant (if gross macroscopic and micro-
scopic residual disease and further surgery
is not suitable) or for recurrent cancer in
the neck if further surgery or radioactive
iodine is not appropriate. Dose: 50–60 Gy
over 5–6 weeks or its radio-biological
equivalent. Up to 66 Gy to large volume
disease if necessary. Maximum spinal cord
dose 46 Gy in 2 Gy fractions or equivalent.
Field size – (depending on cases):
Superior – tip of the mastoid or hyoid.
Inferior – carina or suprasternal notch.
Lateral – whole width of the neck or tumor

with margin.
Intensity modulated radiotherapy (IMRT)

may be used in the future to improve
dose distribution (Chapters 1, 15).

• Raised thyroglobulin and negative iodine
scan (Chapter 18).
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Check strict preparation for the scanning
procedure and exclude false-negative
scan and false-positive thyroglobulin
(presence of heterophil antibodies and
residual normal thyroid remnant). Thy-
roglobulin assessment quite soon after
high dose radioiodine treatment might
also give high levels which gradually dis-
appear over months, sometimes a year
or two.

Routine empirical high dose iodine treat-
ment – Schlumberger, [51] Pineda and
others – effective in some cases (Chapter
20).

Selective high dose iodine therapy if
necessary after further investigation
with neck ultrasound, CT scan, PET
etc.– Mazzaferri, Pacini, Wartofsky (see
Chapter 1).

• Chemotherapy – Adriamycin or Adriamycin
and platinum are active agents. Raised TSH
can be used (see Chapter 30). This is for
iodine-negative advanced disease when no
other options are available. Others are
under investigation, for example liposomal
anthracycline etc. [33].

• Molecular targeted therapy – small mole-
cule tyrosine kinase inhibitors (gefitinib or
Iressa) are under investigation for end-
stage radioiodine refractory disease [33].

• Although trials and studies are rare, efforts
should be made to design and take part in
collaborative clinical and translational
studies [39].

• Specialist palliative care and symptom
control for end-stage disease and support
from clinical psychologists.

Summary
Thyroid cancer should be managed by a multi-
disciplinary team of experts. This can only
provide the best possible care for individual
patients for this rare and highly curable cancer.

This does take place in many countries and in
recent years this has been made more formal-
ized in the UK as a part of the NHS National
Cancer Plan.

Recommendations have been made by NICE
(IOG) about the detailed structure and function
of a multidisciplinary team specializing in

thyroid cancer management in the UK, which
should treat a population base of approximately
1 million.

Every MDT in the UK has to comply with the
highest possible standards and one of the most
comprehensive list (MCS) of these has also been
published for most cancers (thyroid awaited).
The unique feature is that compliance with these
standards is auditable and will be monitored
while support will be provided to achieve these
objectives.

Treatment should be based on evidence-
based guidelines, which should be regularly
reviewed, and outcomes should be regularly
monitored.

The members of the team should have con-
tinuing professional development and should be
engaged in regular audit and participation in
clinical studies and trials.

The patients must always be given proper
information and support and should take part
in the decision-making process.

The essential theme is that the treatment
should be patient focused and that the service
provided should be high quality, fast track,
caring and cost-effective to achieve the highest
cure rate and the best possible quality of life for
our patients.

This particular detailed framework is clearly
not relevant for all countries but there may 
be common themes and it can initiate some
helpful discussions, providing a basis for
sharing good practice, and indeed can lead to
the development of a model for international
best practice.

Postscript – Tableau No IV;
Lozenge Composition with
Red, Gray, Blue, Yellow, and
Black by Piet Mondrian
Finally MDT management of thyroid cancer and
other cancers is evidenced-based science but it
is also an art. Individual team members’ contri-
butions develop and compose the most effective
and comprehensive treatment plan for each
patient (delivering it with utmost care, human-
ity, and compassion which in itself is an art), as
is portrayed in the following famous painting by
Piet Mondrian (Figure 3.1).
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In October 1997, following a bit of a cold, I
noticed a tiny lump, about the size of a pea,
in the middle of my throat. That night I rang
Professor Newman-Taylor, who had been such 
a help in the past, and told him about my dis-
covery. He asked me some questions “did it
move up and down when I swallowed?” He 
then said he thought it was my thyroid and
asked me to keep him informed when I had seen
my GP.

The next morning our “vet” Charlie Schreiber
was at our racing yard blood testing some
horses, so I asked him if he could pop into the
house when he had finished, where I told him
about the lump. He had a good look and also
advised me to see my doctor, who arranged 
an appointment for me with a specialist in
Swindon.

When I eventually saw the ENT specialist, he
suggested that I was suffering from a virus and
advised me to rest; he thought the lump would
eventually go away. When Charlie Schreiber
called in a few days later he asked how I got on.
I told him the advice I had been given by the
specialist was to “rest” and casually added “I
don’t know if that comes in tablet form or it’s a
liquid!” I remember Charlie was very quiet at
first, and kept looking at the floor. Then he said,
“I don’t like to say this kind of thing Mrs P, but
I feel you should seek a second opinion.” It so
happened I already had an appointment with
Professor Newman-Taylor in London at the
Royal Brompton Hospital in December to dis-
cuss a long-standing allergy problem. He said he

thought I looked really well but when I men-
tioned the lump in my throat he asked if he
could take a look. I said I had already seen a spe-
cialist and told him the advice I had been given.
Following a gentle and detailed examination the
Professor looked skywards and said “That will
not go away” and would I mind if he made an
appointment for me to visit the Royal Marsden
Hospital across the road the same day.

At this point I knew that my husband David
and I were struggling, trying not to panic.When
someone mentions the Royal Marsden you are
bound to be a bit scared. Further examination
by Dr Harmer suggested that the lump was a
small cyst, some fluid was taken from it, and I
was asked to return in 3 months time.

By the time I returned in March, it seemed to
me that the cyst had grown a “baby.” Once more
fluid was removed and I was asked to come back
in a further 3 months. The constant worry of
this problem hanging over us was becoming
unbearable and I was also being nagged by my
vets to get the lump removed, which didn’t help!
Eventually, in May I rang the surgeon, Mr Peter
Rhys Evans, and explained that I couldn’t cope
any longer with the strain that the uncertainty
was causing David. I added that in my experi-
ence the best way to deal with the problems I
had in my life was to remove them, so could he
please remove the cyst.

The operation was carried out on 1 June 1998
and at first Mr Rhys Evans seemed happy with
the outcome of the surgery. But on 17 June he
rang to say he needed to see me again. The cyst
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on my thyroid, he explained, had been benign,
but I was horrified to hear him add that the
attached tissue was abnormal – and you don’t
need a degree in medicine to know what that
means. They had found traces of cancer. If Frank
Bruno had punched me I would not have been
more winded. I had been feeling light-hearted
that morning because I had been working hard
at my fitness – and with a great deal of success
– but now I sat at the desk in my office in a state
of shock as Mr Rhys Evans quietly confirmed
that a second operation would be necessary. I
gently replaced the phone. I was so angry, I felt
my whole body was letting me down. Through
the office window I could see David washing the
car, singing away with the music. I was in tears,
and began kicking the bottom of the desk and
swearing at my body. How on earth could I tell
him or my sons Mark and Paul, I knew they
would be devastated. It was all developing into
a terrible nightmare and my body felt like it was
about to explode.

I rang Mark, who fortunately was in his office
only a mile away, and asked him if he would
come round to see me. He came immediately
having sensed my despair. When Mark and
David rushed into the house the look on David’s
face was heart wrenching, truly dreadful. He
kept asking, “What’s happened? What’s hap-
pened?” I told him about the phone call as
clearly as I could, before he decided to ring Mr
Rhys Evans himself.

Despite our fears we decided to continue with
our arrangements to go on the mini cruise
which had been planned for some weeks, before
attending the Derby sale at Fairyhouse, where I
bought most of my young horses. I returned to
hospital for my second operation on 30 June,
and this time they removed the entire thyroid
gland and some lymph nodes. On reflection I’ve
always felt the very mention of the word cancer
was far more terrifying than the treatment I
received to cure it, and in the darkest days, my
family and friends were there to support me
when I needed them most.

At first I didn’t want anyone to know about
my cancer. At the time I felt I wasn’t coping very
well. I was tired and every time I closed my eyes
the “Grim Reaper” was staring me in the face,
but I guess you wouldn’t be human if you were
not full of doubts and fears. At one point I really
thought I would end up in a straitjacket if I
didn’t pull myself together. But now, looking

back, I appreciate that all the strange thoughts
and obscure fears that troubled me will have
happened to lots of others in the same position.
The problem is you don’t want to talk about
your feelings to your closest family so an invis-
ible barrier appears. I now know that is a big
mistake.

I had to go back to the Royal Marsden Hospi-
tal at the end of July for the radiotherapy treat-
ment to deal with any lingering traces of the
cancer. I was given leaflets which explained the
procedure for the treatment in the Nuclear Med-
icine Department and discovered that whatever
I took into the room, I would not be allowed to
bring out because it could be contaminated. The
room was quite comfortable, but no-one was
allowed to enter, so it was a bit like being in soli-
tary confinement for 4 days.

A barrier was placed across the doorway, so
when David came to visit he was only able to
stand or sit on the far side while we talked.
There was no question of his reaching out and
touching my hand. All my food and drink was
placed on a tray at the barrier and I felt a bit like
Oliver in Oliver Twist.

My treatment came in the form of a large
capsule, which I was required to swallow. I have
to confess that by the time it was produced, I was
ready to bolt. Frankly, having read the leaflet, I
was absolutely terrified and would have disap-
peared given half a chance.

When Dr Glenn Flux, the senior physicist,
arrived with the capsule, I put it in my mouth
with some serious misgivings and swallowed it.
I now knew that my opportunity to bolt had
gone. Once the 3000 units of radioactive iodine
were in my system I was not going to be leaving
for 4 days no matter how scared I felt because I
would be radioactive.

My stay at the Marsden proved to be the
longest 4 days and 4 nights of my life. It was 
a time when I desperately needed someone,
preferably David, to put his arms around me,
hug me and say that I would be all right. But that
was not possible. Coping physically with the
treatment was not a problem. I did, in fact, sail
through it, but emotionally, I was a wreck.

It didn’t help that I had bought some maga-
zines from our local newsagents to help me
while away the seemingly endless hours on my
own. The first one I picked up contained an
article by a woman who had beaten cancer, but
who had drifted apart from her husband in the
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process and, ultimately, she lost him. Of course,
having read the headlines, I had to read the
entire article, even though it was hardly
designed to cheer me up.

When I had the energy, I worked like mad on
the exercise bicycle in my room in a determined
attempt to force the iodine through my system
at the earliest rate of knots possible. I knew the
sooner it finished its work, the sooner I’d be
allowed to leave. Frankly, I could not bear the
thought of staying there a second longer than
was strictly necessary.

I don’t mind admitting that I felt a bit of a
“Jesse” during my stay at the Sutton hospital.
Outside at lunchtime, I could hear children who
I thought were patients laughing and joking. But
I was feeling that sorry for myself, I didn’t want
to depress myself any further by seeing them
from my window. Yet, curiously, for a place
where there were so many sick people, there was
an air of brightness in the hospital that I found
difficult to understand. I deduced it came from
the staff, who were most professional and sup-
portive in their approach.

Nevertheless it was a huge relief when Dave
came to take me home on Friday 31 July. At that
stage I was still not allowed to come into contact
with old people or young children. The next
morning was a lovely bright sunny day so I
decided to mow the lawns. Dave was horrified 
at the very suggestion and refused to get 
the mower out for me. I persisted despite his
protests, and after I’d been mowing for a while,
with the warmth of the sun and a slight breeze
on my face, I began to feel I was the luckiest
person in the whole world, as I suddenly real-
ized that health is the greatest gift of all.

I had to go back into hospital for a crucial
scan on 27 November. I had gone down to the
Royal Marsden Hospital earlier in the week to
be given what I hoped would be one final, small
capsule of radioiodine. I then returned on the
Friday for the scan which would determine the
success or failure of the previous treatment.

Lying there while the scan takes place you
begin to dread more bad news. What if I needed
another operation or more treatment? People
say you are brave in this type of situation, but
quite honestly, you don’t have a choice if you
want to survive. You have to be brave.

The last few weeks of the year are really hectic
for National Hunt trainers; with so many race
meetings taking place, it was difficult to make

an appointment with Dr Harmer, who was in
charge of my treatment, and who would be able
to give me the results of my final scan. As he was
also away for a week or two, we pencilled in a
date close to Christmas. In the end I felt I could-
n’t wait that long to hear the result, so I rang the
hospital after about ten days, explaining that I
needed to know if I would require more treat-
ment as contingency plans would need to be in
place regarding my work if that was the case. I
couldn’t just abandon my horses. That is not
how life works when you are dealing with
animals, whether they have two legs or four.

Officially, the medical staff were not allowed
to tell me, but unofficially they gave me the 
wonderful news that I would not need to go back
for more treatment. When I eventually saw 
Dr Harmer on 23 December he confirmed the
news. It was to be the best possible Christmas
present ever and I can remember his words as if
it was yesterday.

“What I can write here, Jenny, is that you are
CURED,” he said. Despite my earlier contact
with the hospital I was still a bit apprehensive
until he said those few words. When I came out
of the consulting room I felt as if I was walking
on air. But this sense of elation was shortlived,
for as I was leaving I met someone I knew who
was arriving for treatment. I was immediately
overwhelmed by an enormous sense of guilt.

It was a feeling that returned time and again
over the next few weeks. Eventually one Sunday
evening I broke down crying. When Dave asked
what was wrong, I couldn’t answer him. He per-
sisted as usual, so in the end I had to explain that
I felt so guilty at recovering while others were
still suffering.

“Well if you think I am going to apologize
because you are better, then you are very wrong.
You cannot keep carrying everyone else’s
burden as well as your own,” he said with a quiet
anger and much feeling.

When I was first told that I had cancer I felt
ashamed. I had a great desire to stand in the
shower and wash it all away. Following my
return home after the second operation, my
voice was so poor that my grand-daughter,
Darcy Rose, backed away from me when I
invited her to help me feed the fish in our
garden. She was so unsure of me. But a few
weeks later, as I sat on the lawn watching the
children play, she ran up behind me, put her
head on my back and wrapped her arms around
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my neck. I could have thrown myself on the
ground and wept in relief.

I’m sure the worst ordeal was not mine. David
was the one who really suffered, yet for a long
time we didn’t talk about my illness and its
implications, until the situation had reached 
the point where there seemed to be a barrier
between us. I felt I couldn’t tell him what I was
thinking because I didn’t want to upset him. The
tension between us became quite unbearable
until one night, when we were lying in bed, I felt
that we had to break down the barrier and talk
it through.

The biggest part of the problem was that
David’s father had died from cancer, yet he had
never discussed this with me. Now, although we
were both worried about upsetting one another,
I realized it had to be dealt with. That night it all
came tumbling out and we sat in bed talking 
for several hours. It was an enormous relief to
be able to hear his fears and to share our prob-
lems. Three and a half hours later when I
popped downstairs to make us both a cup of tea
it was well into the early hours of the morning
but I had the best and most restful sleep for
months.

A few months later Dr Harmer asked me if I
would join the Thyroid and Isotope Therapy
Tumour Working Group to represent the
patients at the Royal Marsden. My husband and
I duly agreed, but I didn’t relish the first

meeting. Did I really want to know about the
success and failure of the treatment for thyroid
cancer? Yes, sadly there is failure. My view was
that I had cancer but after the operation to
remove my thyroid I was someone who no
longer had cancer. A view I hold to this day.

One important topic that arose during one of
Dr Harmer’s meetings was students – how they
beg consultants for a particular topic to write a
thesis but, it appears, in many cases these are not
completed and the research is not handed over
if a student moves on. So a lot of time and effort
is spent backtracking. I would like to emphasize
how important to me and future cancer suf-
ferers this information is. One small piece of
research can produce the missing link in the
puzzle that can literally save lives.

What have I learnt from all this? Values. The
importance of your family and friends – and my
wonderful horses that have been my medication
and meditation; they didn’t judge me and they
never told tales! You can surround yourself with
material things which in the end amount to
nothing. Labels on clothes, the latest car, TV or
gadgets have no real value. I feel I have a greater
understanding of other people. I have met great
people from all walks of life and I have a huge
debt to the medical and veterinary professions,
who almost certainly saved my life. Which has
enabled me to treasure my family and grand-
children for a few more years to come.



The Development of the
Specialist Nurse Role
Most patients with thyroid cancer, particularly
differentiated thyroid cancer (DTC), have a
good prognosis [1,2]. The standard combined
treatments are considered to be well tolerated,
with low health-related quality of life (HRQOL)
morbidity. Some patients have been told that
DTC is “the best cancer to have” [3].

In patients with such a good prognosis and
low symptom morbidity, what is the role of a
specialist nurse (SN)? To date the role of the SN
in thyroid cancer care has developed into three
main branches:

• the enhancement of the provision of
patient/carer information;

• psychological support;
• help with symptom control/rehabilitation.

These three aspects have evolved from the
patient and health professional’s directive and
more recently from evidenced-based research as
discussed below.

A recently expressed criticism of modern
thyroid cancer care is the perceived failure to
focus on “the human being who bears the
burden of the cancer” [3–5]. As one patient put
it “doctors and others seem to treat thyroid
cancer lightly (in an emotional sense) because it
is usually quite curable. That’s not at all how it
felt to me” [6]. There is a growing body of

research to suggest that patients and carers do
suffer a significant amount of psychological dis-
tress with HRQOL morbidity following thyroid
cancer diagnosis and treatment [3,7–11] (Table
5.1). Dow describes thyroid cancer survivors as
the “forgotten segment of the cancer survivor
population” [12]. Compared with other oncol-
ogy patients, they have less access to cancer
support services, which probably reflects their
better prognosis and gentler treatment [4,6].
Therefore an increased effort is now being 
made to provide this group with information,
psychological support, and symptom control/
rehabilitation.

The Role of the SN in Patient/
Carer Psychological Support
and Information
It is suggested by the British Thyroid Associa-
tion that in order to best meet a patient’s psy-
chological/information needs, a patient should
be encouraged to attend consultations with a
family member, friend, or carer, who should also
have full access to support from the multidisci-
plinary team (MDT). It is also recommended
that an SN should be made available for support
[13]. It is hoped that the SN can engage in open
and honest discussion to create a forum where
each patient/carer’s psychological/information
needs can be best identified. It is anticipated
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that the formal acknowledgment of patients’
needs and the provision of information will 
help the patient/carer feel more supported,
informed, in control, and that their needs and
concerns are being addressed. The psychologi-
cal/information support provided by the SN
needs to respect patient/carer autonomy and
guard against dependency. Therefore the role of
the SN is to provide psychological/information
support that works alongside/towards the
enhancement of patient/carer information,
coping skills, adjustment, self-development, and
independence.

The SN can also promote patient choice and
availability of useful resources: patient support
groups, patient information websites, and useful
contacts [14]. The SN needs a good clinical
insight into all types of thyroid cancer such as
papillary, follicular, medullary, and the different

treatment pathways in order to give appropriate
support. An experienced and knowledgeable 
SN can help the patient cope with multiple and
complex information that is needed for patient
informed consent. The SN can also make avail-
able to the patient written information in an
appropriate, manageable, and sequential way.
Such written information can be obtained from
the MDT producing agreed patient information
fact sheets or by the use of the British Thyroid
Association set of three patient information
booklets [15]:

1. The thyroid gland and thyroid cancer;
2. Thyroid surgery;
3. Radioactive iodine ablation treatment.

An example of how the role of the SN can
complement the existing support provided by
the MDT can be seen in Table 5.2, based on 
the British Thyroid Association’s guidelines on
informing the patient [13]. The suggested role of
the SN is given in the right-hand column.

The Role of the SN in
Symptom Control and
Rehabilitation
Resent research suggests that patient support
should be in the form of early rehabilitation
programs and should be provided by the MDT.
This should be delivered in a holistic way, ideally
during the first year after diagnosis. It should
include counseling with a psychotherapeutic
approach to improve mental health, emotional
functioning, and social competence [8].
Growing research also suggests that psy-
chotherapy, especially group psychotherapy, can
reduce psychological distress and in some cases
improve survival [5–7]. An SN can work with
the MDT to review/help with the provision of
such services.

Some patients have experienced neck or
shoulder stiffness/restricted movement and/or
pain that may be prolonged or lasting. Therefore
it is recommended that rehabilitation should
also include early physical exercise (endurance
and strength training performed in groups) to
improve physical performance and help patients
fulfill their social roles (family, household,
work) [8,15]. In order to be most effective in
symptom control/rehabilitation the SN needs to

Table 5.1 Reported psychological reactions by patients
following thyroid cancer diagnosis and treatment planning
[3–4,6,9]

Shock
Anxiety or panic or development/worsening of anxiety

disorders
Frustration
Anger
Denial
Low mood or clinical diagnosed depression (moderate

to severe)
Isolation
Overwhelming dread of dying
Inability to retain information (short-term memory

loss)
Confusion, misconceptions, or information gaps
Afraid or too embarrassed to ask physician to repeat

(or better communicate) information
Emotional pain
Loss of control over personal destiny
Fear of the disease and/or the treatments (surgery or

radioactive iodine)
Stigma of disease/treatment
Adjustment process
Focusing and planning process
Multiple expectations
Coping with diagnosis
Coping with processing multiple complex information

(needed for informed consent)
Sadness and fear for the end of cherished relationships
Living with fear of recurrence
Rarely (but at times) palliative living adjustment
Hope
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separate psychological from physical symptoms
in order to best assess and re-refer the patient
to the most appropriate MDT resources. This
can be particularly challenging in a patient 
following DTC treatment as many common 
psychological symptoms of stress, low mood or
clinical depression can also be found in thyroid
hormonal imbalance or directly following
surgery, as demonstrated in Tables 5.1 and 5.3.

There are many reported psychological and
physical symptoms that patients may experi-
ence following thyroid cancer and its treatment
apart from those reported in Tables 5.1 and 5.3.
Therefore an SN needs a good clinical insight
into psychological and physical symptoms in
order to give appropriate support, aid the MDT
to pick up any worrying clinical signs early, and
to seek advice or refer to the most appropriate

Table 5.2 The role of the SN working alongside the British Thyroid Association guidelines informing the patient

Guideline Suggested role of the SN

The patient will be informed At the time of the diagnosis and treatment planning an SN can be present for
of the diagnosis by a member of support and to take notes. Subsequently at the patient’s request the SN can 
the MDT; facilities should be be available to repeat this information exactly, if the patient has not been able 
available for this to be done to fully retain all the information at one sitting or needs a safe supportive 
during a private, uninterrupted environment to compose themselves before going home. This helps free the 
consultation. specialist to answer more specific and complicated questions for others. The 

presence of the SN at the initial diagnosis and treatment planning is also 
thought to promote the development of a good working relationship between 
SN and patient/carer. The SN can subsequently act as a useful advocate/
support as requested throughout the patient/carer treatment journey.

A trained nurse specialist will be The SN can provide patients/carers with a confidential, objective, and advanced 
available to provide additional form of psychological support. An SN needs to have a good clinical insight 
counseling if required. into a patient’s investigations, diagnosis, and treatment pathway to enable 

the support to be appropriate. Most thyroid cancers are very amenable to 
treatment and curable but there is a possibility of recurrence, especially in the 
very young and in the elderly. This can occur at any stage, but recurrence can 
be treated successfully, so lifelong clinical follow-up and availability of support 
is important.

Whenever possible a relative or An SN can provide support for carers while maintaining the consent and 
friend should attend the confidentiality  of the patient. It must be remembered that carers may have 
consultation and accompany the a great deal of stress and play a key role in the patient’s support/recovery. In 
patient home. the rare cases of medullary cell carcinoma it is sometimes, but not always,

hereditary and the SN can help support the family while awaiting genetic 
counseling.

Written information concerning An SN can help coordinate the updating, accessibility, and replenishment of such 
thyroid cancer and its treatment specialist written information/resources. An SN can ensure patient/carer access 
and possible complications will to full resources such as: patient information booklets, patient support groups,
be available to the patient. patient information web sites, and useful contacts [14]. An SN needs to be 

aware of the treatment stages and that patients may feel at times vulnerable 
and overwhelmed with information that is needed for full consent. The SN is in 
a key position to gain experience in helping the MDT best judge the sequential 
timing of the delivery of such information balanced with each individual 
patient’s wishes, coping/adjustment ability, and treatment schedule.

A prognosis should not be offered An SN needs to acquire advanced skills in helping support patients/carers 
before adequate staging through the stress of waiting for a diagnosis by not giving false information 
information is available. and helping the client cope with the unknown. The SN needs to develop skills 

in helping patients prepare realistically for variable outcomes.
Patients may have difficulty It must be remembered that patients/carers are individuals and have a myriad of 

understanding all this information positive and negative reactions to a diagnosis and treatment planning: some 
at a single consultation and may be in shock. An SN can aid the MDT in clinic and subsequently by making
an opportunity for further herself available to patient/carers when they feel they are ready for more 
exploration/discussion should be information. The SN can introduce herself to the patient/carer and leave 
offered. contact details to facilitate this.

Source: Royal College of Physicians, British Thyroid Association. Guidelines for the management of thyroid cancer in adults. London: RCP, 2001.
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member of the MDT. This may be particularly
beneficial in newly treated patients with symp-
toms of thyroxine or calcium imbalance or post-
operative complications in order to maximize
symptom control and rehabilitation. Occasion-
ally the SN may need to help with palliative
care/support. The SN may be a useful support
until the appropriate formal hospital and or
community palliative care team are fully in
place in order to guard against the patient/carer
feeling abandoned.

The Role of the SN Following
Thyroid Ablation with
Radioactive Iodine Therapy
Some patients will require thyroid ablation with
radioactive iodine therapy. This understandably
has been reported as psychologically and phys-
ically very stressful for patients and their carers
on top of the hormonal physical changes due to
the reduction, change, or temporary cessation of
hormone replacement therapy [16]. The role of
the SN again is to offer psychological support
and information alongside the MDT to deal
with patient/carer concerns about treatment.
The SN’s role is to reduce the psychological and
physical impact of the therapy by providing

support/information that enables the patient/
carer to prepare mentally and physically for
such treatment. Commonly reported patient
concerns regarding radioactive iodine therapy
are listed in Table 5.4.

The Role of the SN During
Thyroid Hormone Withdrawal
(in Preparation for Treatment
or Scanning Procedures)
During thyroid hormone withdrawal patients
may experience symptoms that are physical 
and psychological which can also affect their
social wellbeing [9,15]. The role of the SN is to
help prepare and educate patients/carers about
hormone withdrawal side effects, the fostering
of realistic expectations during scanning proce-
dures or treatment and help with balancing or
temporarily rearranging family and work activ-
ities during and around this period [17,18].

In Summary
The role of the SN in thyroid cancer care has
developed into three main branches: the provi-
sion of information, the provision of psycho-
logical support, and help with/coordination of
symptom control/rehabilitation. The SN needs
to have advanced interpersonal, communica-
tion, and psychological support skills plus a
sound knowledge of thyroid cancer, its treat-

Table 5.3 Reported physical and psychological symptoms of
hormone replacement or calcium imbalance [4,6,12,13]

Dry skin
Fatigue
Decreased concentration
Sleep disturbance
Reduced social, work, and family activity
Poor appetite
Constipation
Reduced motor skills
Fluid retention
Low mood or depression
Hair loss
Palpitations/shaky
Feeling anxious
Undesired weight change
Overactive
Heat and cold intolerance
Migraine/headaches
Pins and needles in hands/face/feet (low calcium?)
Generally feeling unwell (low calcium?)

Table 5.4 Reported patient key concerns regarding
radioactive iodine therapy [9,17]

Isolation
Separation
Feeling weak/tired
Anxiety/panic
Low mood
Tightness in the throat and/or feel flushed – usually no

more than 24 hours (may be relieved by an anti-
inflammatory drug)

Temporary slight loss in taste
Low iodine intake concerns
Discharge precaution information
Fear of radiation danger to self, family members,

fertility, and future children
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ment and symptom control. The SN should also
be aware of all the available formal and volun-
tary support group resources. The SN can com-
plement the existing MDT in order to minimize
the HRQOL impact of thyroid cancer and its
treatment.
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Prevalence of Psychological
Distress
For most people a diagnosis of cancer is a 
distressing life event. For many, the initial reac-
tion is that they have been given a death 
sentence. In fact the majority of patients diag-
nosed with cancer will adjust psychologically,
cope with subsequent treatment, and adapt their
lives appropriately. Nevertheless, a substantial
minority of patients will experience clinical
levels of psychological distress that merit some
level of professional intervention.

Estimates of the prevalence of psychologi-
cal/psychiatric disorder in a population with
cancer vary widely, due to differences in the sub-
groups studied and use of different criteria for
defining disorders. Derogatis et al. [1] found
that 47% of adult inpatients with cancer had
formal psychiatric disorders. Zabora et al. [2]
screened a large (n = 4496), heterogeneous 
population of cancer patients with the Brief
Symptom Inventory [3] (a psychometrically
sound self-report measure) and found that
35.1% were suffering clinical levels of psycho-
logical distress. Greer et al. [4] studied 1260
patients with various cancers, within 12 weeks
of diagnosis, and found 23% to have clinically
significant anxiety or depression. Hence it can
be assumed that between a quarter and a third

of cancer patients will experience clinically rel-
evant levels of psychological distress at some
point in their cancer experience. The great
majority of that distress will be directly related
to disease or treatment.

Risk factors for developing psychological dis-
order, in the face of cancer, include: previous
history of psychological problems; inadequate
social support; serious negative life events in
addition to cancer; maladaptive coping style 
[5] as well as younger age at diagnosis; pre-
existing marital problems; low expectations
regarding the effectiveness of treatment; a prior
adverse experience of cancer in the family; lack
of involvement in satisfying activities; and
inability to accept the physical changes associ-
ated with the disease or its treatment [6].
Adjustment disorders, depression, and anxiety
are the most common psychological disorders
within a cancer population. Other problems
encountered include: post-traumatic stress dis-
order; phobic avoidance of treatment; relational
problems; sexual dysfunction; and delirium.
Patients are more likely to be psychologically
vulnerable at certain key points in their cancer
journey, for example at diagnosis, at discharge
from treatment, and if recurrence of disease
occurs. Unfortunately studies indicate that 
the majority of psychological distress in cancer
patients goes undetected and therefore
untreated [7,8].

6
The Role of the Clinical Psychologist
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A Psychological Model of
Adjustment to Cancer
When someone first receives the news that they
have cancer, the greatest concern is usually sur-
vival. Patients often ask “am I going to die?” In
younger people particularly, there is likely to 
be a period of shock and disbelief as implicit
assumptions about invincibility are shattered.
The individual then goes through a process 
of appraisal which will greatly influence their
adjustment to the disease. As individuals make
sense of their diagnosis they address three 
key questions: How great is the threat? What 
can be done about it? What is the prognosis?
Moorey and Greer [9] have identified four 
different conclusions that people may come 
to about their diagnosis. These are outlined in
Figure 6.1.

A person perceiving cancer as a challenge is
likely to feel relatively optimistic and be more
likely to engage in treatment. A perception of
threat is likely to lead to anxiety. A perception
that harm has already occurred may lead to
hopelessness and lack of engagement in treat-
ment. Denial of any threat may enable an indi-
vidual to feel better but, if too great, could
prevent engagement in treatment.

At some point after the initial threat to sur-
vival has been appraised, the wider implications
of cancer and its treatment are likely to be con-
sidered and may become significant sources of

distress. Moorey and Greer have labeled the
morbidity associated with disease and treat-
ment “the threat to the self,” in which they
include: debilitating physical symptoms; inabil-
ity to carry out former work, leisure or family
roles; and disfigurement (Figure 6.2).

According to Moorey and Greer’s cognitive
model of adjustment, the “personal meaning of
cancer,” based on an idiosyncratic appraisal of
the threat to survival and the threat to the self,
is an important determinant of an individual’s
adaptation to their disease. Moorey and Greer’s
model helps to explain why any two individuals
with the same disease may react very differently
to a diagnosis of cancer. For someone who has
relied heavily on their appearance for self-
esteem, treatment associated with hair loss or
scarring may be devastating. Someone else who

Challenge 

Threat

Diagnosis 
of cancer

Harm, loss or defect

Denial

Figure 6.1 The appraisal of the diagnosis of cancer. (From Cog-
nitive Behaviour Therapy for People with Cancer (2002) by Stirling
Moorey and Steven Greer, p. 12. By permission of Oxford Univer-
sity Press.)

CANCER

SYMPTOMS 

TREATMENT 

CHANGE IN MENTAL 
AND PHYSICAL 

ABILITIES 

CHANGE IN 
PERSONAL AND 
SOCIAL ROLE 

CHANGE IN 
APPEARANCE 

Figure 6.2 Negative consequences of the diagnosis of cancer. (From Cognitive Behaviour Therapy for People with Cancer (2002) by
Stirling Moorey and Steven Greer, p. 15. By permission of Oxford University Press.)
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has always perceived themselves to be in control
of their life, may be unfazed by disfiguring
surgery but find it extremely hard to live with
uncertainty about potential relapse.

Psychological adjustment, based on an indi-
vidual’s appraisal of cancer, is associated with
emotional response. Greer and Watson [10] have
described five distinct styles of adjustment:
fighting spirit; avoidance or denial; fatalism;
helplessness and hopelessness; and anxious pre-
occupation. Fighting spirit is characterized by a
perception that cancer is a threat to be actively
challenged. It is associated with less risk of
developing anxiety and depression. The helpless
and hopeless adjustment style, characterized by
a perception of major loss and a lack of active
coping behaviors, is associated with clinical
depression. An anxiously preoccupied adjust-
ment style characterized by excessive worrying
and compulsively seeking reassurance is associ-
ated with clinical anxiety [9].

Psychological Aspects of
Thyroid Cancer
Thyroid cancer is a relatively rare disease, with
an incidence of 3.1 per 100 000 per year [11].
Differentiated thyroid cancer, accounting for the
majority of cases, is curable in 90% of patients
given appropriate treatment [12]. On this basis
many patients are told that thyroid cancer is a
“good cancer” to have. However, medullary car-
cinoma, accounting for 4% of cases, has a 10-
year survival rate of 75%. Undifferentiated, or
anaplastic, carcinomas account for only 2% of
cases, but carry a very poor prognosis, with a 3-
year survival rate of only 3% [11].

There is limited published information
related to the long-term physical health of sur-
vivors of thyroid cancer, and very little pub-
lished material describing psychological and
social outcomes [13]. However, there are a
number of descriptive studies offering accounts
of patients’ perspectives and nursing care needs.

As part of a wider survey of adult survivors
of cancer, Shultz and colleagues [13] described
medical and psychosocial outcomes of 518 sur-
vivors of thyroid cancer. Interestingly, these
authors found that survivors of thyroid cancer
reported that their disease had affected their
overall health, more frequently than did any

other diagnostic group. Thyroid cancer patients
who had been treated with radiation were
almost twice as likely to report an overall effect
on their health as those who had not received
radiation. Almost a quarter of the sample
described symptoms that could be associated
with thyroid dysregulation, for example: dry
skin; hair loss; poor concentration; sleep distur-
bance; fatigue; weight change; palpitations;
heat/cold intolerance; diarrhea/constipation;
depression; anxiety. Thyroid cancer survivors
reported psychological problems, memory 
loss, and migraine headaches more frequently
than survivors of other types of cancer. The
authors conclude that the morbidity associated
with a diagnosis of thyroid cancer is signi-
ficantly more pronounced than generally 
understood [13].

An Italian study used a standardized in-
strument (structured clinical interview for
Diagnostic and Statistical Manual of Mental
Disorders – III – Revised) to evaluate the life-
time prevalence of psychiatric disorders in 93
inpatients with different thyroid diseases. They
found higher rates of several psychiatric disor-
ders in thyroid patients than in the general pop-
ulation. These authors suggest that underlying
biochemical abnormalities may explain the co-
occurrence of psychiatric disorder and thyroid
diseases [14].

A number of descriptive studies have
explored patients’ perspectives of undergoing
treatment with radioactive iodine [15,16]. For
the purpose of this treatment, patients are
placed in isolation and their contact with staff
and visitors is strictly limited, in order to mini-
mize the spread of contamination from bodily
fluids. Thus patients are socially as well as phys-
ically isolated, at a time when they may be in
particular need of support due to distressing
physical symptoms and fear of their disease. The
special precautions taken with these patients,
and the isolation itself, often result in increasing
anxiety and fear in patients, about the nature of
their disease.

Stajduhar et al. [15] elicited feedback from a
small number of patients (n = 27) who had
undergone treatment with radioactive iodine.
Profound physical and social isolation was the
greatest concern for these patients. They
reported not having had adequate information
or preparation prior to treatment, in order to
enable them to cope effectively. They were aware
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of inconsistencies in staff members’ under-
standing of the risks of radioactive iodine and
the treatment process. Patients sensed a reluc-
tance of some staff to be in contact with them.
These patients also described how physical
aspects of the treatment room served to com-
pound their distress. The authors make three
general recommendations on the basis of their
study: (1) a program of education for patients
and families prior to admission for treatment;
(2) a comprehensive staff education program
developed by a multidisciplinary healthcare
team, in collaboration with patients; (3)
modifications to the treatment room to make it
more comfortable and less clinical.

Another descriptive study, using a somewhat
larger population of patients (n = 190) who each
completed a standardized survey, was con-
ducted by McGrath and Fitch [16]. This study
also highlighted the distressing effects of isola-
tion and the need for careful preparation of
patients prior to treatment. Patients called for
written as well as verbal information. Again,
they were aware that nursing staff were some-
times inexperienced and held inconsistent
views about the dangers of treatment.

Both patient groups and nurses have high-
lighted the need for education and preparation
of nursing staff who deal with thyroid cancer
patients. Due to the rare nature of the disease,
staff may not work with thyroid cancer patients
on a regular basis [17]. Nurses who lack under-
standing of the relative risks of exposure to
patients during treatment may avoid patients
unnecessarily and therefore cause unnecessary
patient distress. McGrath and Fitch sensibly
suggest standard guidelines for staff and visitor
contact, which are based on evidence and reflect
realistic risk, as well as patients’ needs, rights,
and responsibilities [16].

Patients have suggested modifications to the
treatment room that may improve morale,
including: having a window; enough room to
exercise; shower facilities; television and video
player; telephone; an intercom to enable con-
versations with staff [15,16]. Patients have also
identified a need for support groups set up
specifically for people with thyroid cancer,
rather than for cancer patients in general. These
groups can address the particular needs and
concerns of this group and provide “buddy
systems” to help support patients undergoing
treatment [15,18].

Following treatment for thyroid cancer,
patients are required to undergo regular moni-
toring of their disease status for the rest of
their lives. The morbidity associated with life-
time surveillance is highlighted in a number 
of studies [13,19,20]. Surveillance generally
involves thyroid hormone withdrawal followed
by body scanning. The induced hypothyroid
state results in symptoms of: fatigue; sleep dis-
turbance; impaired psychomotor skills; reduced
ability to concentrate; anorexia; pain and fluid
retention [19]. As is true for survivors of other
types of cancer, the process of monitoring gen-
erally raises patients’ concerns about the threat
of recurrence.

The combination of debilitating physical
symptoms and fear of recurrence can pro-
foundly affect psychological and social wellbe-
ing. In a qualitative study of a small number (n
= 34) of thyroid cancer survivors, feelings of
loss, anxiety, depression, and impaired concen-
tration were reported [20]. The process of sur-
veillance is socially very disruptive. As thyroid
cancer typically affects a relatively young popu-
lation, the majority of whom are of working 
and child-rearing age, the resulting social dis-
ruption is particularly pertinent. Thyroid
cancer patients are more likely to be gainfully
employed (63%) than a general population of
cancer survivors (35%) [13]. However, surveil-
lance results in time taken off work or decreased
performance at work. In addition, patients’
ability to carry out household tasks and engage
in childcare, family and social relationships is
impaired.

A disease-specific measure of quality of life
(QOL – thyroid scale) was used with 34 thyroid
cancer patients undergoing surveillance. Nega-
tive changes to patients’ self-reported quality of
life were found to be greatest between peak
hormone withdrawal and thyroxine therapy.
Common patient concerns included: symptoms
associated with thyroid hormone withdrawal;
fertility issues; distress associated with treat-
ment; fear of cancer recurrence. However, these
authors elicited some positive changes too, such
as hopefulness and renewed sense of purpose in
life [19]. Shultz and colleagues also reported
patient perceptions that in the longer term their
experiences were associated with improved
family relationships [13].

It has been argued that the long-term moni-
toring indicated for people treated for thyroid
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cancer may be more difficult to endure than
treatment itself [20]. A combination of physical,
psychological, and social factors may give rise to
emotional disturbance, for example symptoms
of anxiety and depression.

Clinical Psychology 
in Oncology
Clinical psychologists are applied scientists 
specializing in cognitive, emotional, behavioral,
and social aspects of human behavior. They are
trained to work with individuals, couples, fami-
lies, and groups and to provide a consultative
service to other healthcare professions. Direct
clinical work includes detailed psychological
assessments and design and provision of thera-
peutic interventions. Other roles include: teach-
ing other healthcare staff about psychological
issues; training non-psychology staff in direct
clinical skills; providing support and supervi-
sion to other healthcare professionals who offer
psychological support; providing consultation
and advice to clinicians and managers; collabo-
ration with multidisciplinary colleagues on
research.

The aim of clinical psychology in oncology is
to promote psychological wellbeing and reduce
the distress associated with diagnosis, treat-
ment, and living with disease. Encouraging the
recognition and detection of psychological 
distress is a high priority. Enabling other 
healthcare staff to provide psychological sup-
port to patients and their families is a key role.
Due to the high prevalence of psychological dis-
tress and the scarcity of clinical psychology
resources, direct clinical interventions need to
be targeted towards patients and carers with the
most complex psychological needs and those
most likely to benefit from a formal psycholog-
ical intervention.

Role of the Clinical
Psychologist in Thyroid
Cancer
It is apparent that patients undergoing treat-
ment and surveillance for thyroid cancer may be
experiencing much greater levels of psycholog-

ical distress than healthcare staff have generally
anticipated, based on a relatively good progno-
sis. A significant minority of people with any
type of cancer experience clinical levels of dis-
tress at some point in their cancer journey and
it may well be that those with thyroid cancer
experience higher levels of distress than some
other subgroups.

Therefore a key role of the clinical psycholo-
gist is to educate other staff about psychologi-
cal responses to diagnosis, treatment, and
surveillance. This may start with advice to man-
agers in order to influence the provision of
resources and facilities; for example, under-
standing of patients’ need for careful prepara-
tion for treatment may support the case for
having specialist nurses allocated to thyroid
cancer. Considering the impact of the immedi-
ate environment on psychological wellbeing
may strengthen the case for modifying treat-
ment rooms.

A clinical psychologist should be involved in
the design and implementation of a program of
education for healthcare staff involved with
thyroid cancer patients. The education program
should include psychological needs of patients,
communication skills, and evidence-based
information on risks of radiation exposure and
relevant precautions. Nuclear medicine techni-
cians as well as doctors and nurses should be
included in the educational program. The clini-
cal psychologist could also offer consultation
and advice on preparation of patients for treat-
ment and the provision of both oral and written
information.

Provision of supervision and support for spe-
cialist nurses who would themselves be offering
frontline psychological support to patients is an
important role of the clinical psychologist. This
may involve training nurses in specific clinical
skills, for example counseling skills or cognitive
behavioral techniques.

A clinical psychologist may offer advice 
and consultation to specialist nurses and/or
former patients who wish to establish a patient
support group. The clinical psychologist could
usefully provide a regular presentation on psy-
chological aspects of thyroid cancer and coping
skills to the support group. If the support group
operates a “buddy system” for new patients
undergoing treatment, the clinical psychologist
may offer support and supervision to the
buddies.
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Psychological assessment and direct clinical
interventions should be provided by the clinical
psychologist for more complex psychological
problems, for example clinical depression or
anxiety, post-traumatic stress disorder, phobic
avoidance of treatment. Enabling other clinical
staff to recognize and detect such distress and
make appropriate referrals is part of this role.

Following referral, the clinical psychologist
would offer the patient a comprehensive assess-
ment. On the basis of assessment the patient
may be offered a course of therapy (e.g. cogni-
tive therapy, interpersonal therapy, brief
psychotherapy). If therapy is not deemed appro-
priate, advice on management may be offered to
the referrer. Psychological therapy would be
based on the patient’s idiosyncratic needs, but
may focus on: preparing for and coping with
treatment; re-establishing roles following 
treatment; overcoming depression; addressing
marital and sexual difficulties; living with
ongoing surveillance and threat of recurrence.

For patients complaining of memory prob-
lems, a neuropsychological assessment, using
formal psychometric tools, such as the Wechsler
Memory Scale III [21], may be useful. This
would be followed by careful feedback to both
the patient and the referrer, and appropriate
advice on management of memory problems.

As cancer is understood to have psychologi-
cal and social ramifications for partners and
families, as well as for patients themselves, it is
sometimes advantageous to involve significant
others in assessment and therapy. (This would
only occur with the patient’s consent.) Other
family members often offer valuable perspec-
tives on problems and potential solutions.
Addressing marital and sexual difficulties is
usually more successful when both partners 
are engaged in therapy. Occasionally a whole
family group may be involved in a systemic
intervention, aimed at improving communica-
tion and renegotiating roles and boundaries.
Systemic psychological interventions may be
particularly appropriate for families affected by
medullary thyroid carcinoma associated with
the inherited disease multiple endocrine neo-
plasia type 2a.

For some patients and their families, particu-
larly in cases of medullary or anaplastic carci-
nomas, psychological support through terminal
care and bereavement may be indicated. Psy-
chological support for terminally ill patients

and their families focuses on enabling people to
maximize their quality of life and address unre-
solved psychosocial issues. Following a patient’s
death, the clinical psychologist could be asked
to intervene where other family members expe-
rience complicated or prolonged grief.

It is clear from the existing literature that
there is much scope for further research into
psychosocial aspects of thyroid cancer. Given
the relatively rare nature of this disease and the
need for larger population studies, cross center
studies would be more useful than single center
studies. Clinical psychologists should collabo-
rate with colleagues in medicine, nursing and
academia to implement carefully designed
studies. Clinical psychologists can also usefully
contribute to audit of services. For example,
monitoring the prevalence of depression and
anxiety in patients being treated for thyroid
cancer or comparing different methods that
non-psychology staff may use to detect psycho-
logical distress are examples of useful audit
projects to be undertaken at a local service level.

The expectation is that the clinical psycholo-
gist would be a valuable resource to colleagues
in other professions treating the patient with
thyroid cancer. The aim is to promote psycho-
logical wellbeing, detect and alleviate psycho-
logical distress, enhance staff morale, and
promote holistic patient care.

References
1. Derogatis LR, Morrow GR, Fetting J, et al. The prevalence

of psychiatric disorders among cancer patients. JAMA
1983; 249:751–757.

2. Zabora J, Brintzenhofeszoc K, Curbow B, Hooker C,
Piatadosi S. The prevalence of psychological distress by
cancer site. Psycho-oncology 2001; 10:19–28.

3. Derogatis LR. The Brief Symptom Inventory (BSI):
Administration, scoring and procedures manual, 3rd
edn. Minneapolis, MN: National Computer Systems,
1993.

4. Greer S, Moorey S, Baruch JDR, et al. Adjuvant psycho-
logical therapy for patients with cancer: a prospective
randomised trial. BMJ 1992; 304:675–680.

5. DCP Briefing Paper no 13. Clinical Psychology Services
in Oncology: A guide for Purchasers of Clinical Psy-
chology Services. The British Psychological Society
Division of Clinical Psychology, 1997.

6. Burton M, Watson M. Counselling people with cancer.
Chichester: John Wiley, 1998.

7. Burton MV, Parker RW. A randomised controlled trial of
preoperative psychological preparation for mastectomy.
Psycho-oncology 1995; 4:1–19.



The Role of the Clinical Psychologist 71

8. Maguire P. Improving the detection of psychiatric prob-
lems in cancer patients. Soc Sci Med 1985; 20:819–823.

9. Moorey S, Greer S. Cognitive behaviour therapy for
people with cancer. Oxford: Oxford University Press,
2002.

10. Greer S, Watson M. Mental adjustment to cancer: its
measurement and prognostic importance. Cancer Surv
1987; 6:439–453.

11. Mokbel K Concise notes in oncology, 2nd edn. Petroc
Press, 2001.

12. Mazzaferri EL. Long term outcome of patients with dif-
ferentiated thyroid carcinoma: effect of therapy. Endocr
Pract 2000; 6:469–476.

13. Shultz PN, Stava C, Vassilopoulou-Sellin R. Health
Profiles and quality of life of 518 survivors of thyroid
cancer. Head Neck 2003; May:349–356.

14. Placidi GPA, Boldrini M, Patronelli A, et al. Prevalence of
psychiatric disorders in thyroid diseased patients.
Neuropsychobiology 1998; 38:222–255.

15. Stajduhar KI, Neithercut J, Chu E, et al. Thyroid cancer:
patients’ experiences of receiving iodine-131 therapy.
Oncol Nurs Forum 2000; 27(8):1213–1218.

16. McGrath PN, Fitch MI. Patient perspectives on the
impact of receiving radioactive iodine: Implications for
practice. Can Oncol Nurs J 2003; 13(3):152–163.

17. Baker KH, Feldman JE. Thyroid cancer: a review. Oncol
Nurs Forum 1993; 20(1):95–104.

18. Shey J. Why I started the Thyroid Cancer Foundation.
Cancer 2001; 91(4):623–624.

19. Hassey Dow K, Ferrell BR, Anello C. Quality of life
changes in patients with thyroid cancer after withdrawal
of thyroid hormone therapy. Thyroid 1997; 7(4):613–
619.

20. Hassey Dow K, Ferrell BR, Anello C. Balancing demands
of cancer surveillance among survivors of thyroid
cancer. Cancer Pract 1997; 5(5):289–295.

21. Wechsler D. Wechsler Memory Scale, 3rd edn. London:
The Psychological Corporation, 1998.



Section II
The Diagnosis of Thyroid Cancer



Thyroid nodules are common in the general
adult population. In contrast, thyroid cancer 
is relatively rare and disease-specific mor-
tality is low [1,2]. The challenge that faces clini-
cians who manage patients with thyroid
nodules is to identify the minority of patients
who harbor thyroid cancers, while causing
minimum harm to those who have benign
disease [3,4].

Epidemiology
The prevalence of thyroid nodules increases
with age. They are commoner in women than
men and very common in areas of iodine
deficiency. The prevalence of palpable thyroid
nodules in most series is 3–7% [5–8] and the
annual incidence 0.1% [7]. Using sensitive
imaging techniques such as high resolution
ultrasound, it has been shown that over 50% of
all adults have thyroid nodules [9–11]. Similarly
high prevalence of nodules has been noted in
postmortem studies [12]. The malignancy rate
of palpable solitary nodules is 5% with a range
of 3.4–29% [13]. Nearly half of all patients
thought to have a solitary nodule by clinical
examination are found to have multiple nodules
on ultrasonography [14]. The incidence of
malignancy in multinodular goiters is similar 
to that of solitary nodules [15,16]. Different
pathologies presenting as thyroid nodules are
shown in Table 7.1.

Natural History

Most thyroid lumps are benign colloid nodules.
The natural history of colloid nodules has been
reported in several studies. In iodine replete
areas the majority remain unchanged after 10
years of follow-up. Some decrease in size and
may disappear. On average 22% of patients with
thyroid nodules regress spontaneously over a 6-
month to 3-year follow-up period [17,18] and in
one series 46% of benign nodules disappeared
after 30 months following fine-needle aspiration
biopsy [19]. Some nodules (less than 20%) grow
bigger and the prevalence of malignancy in
nodules that continue to grow was reported 
to be 26% [20]. A more recent series from an
iodine replete area found a much higher inci-
dence of increase in thyroid nodule size (69%)
judged ultrasonographically [21]. Thyroid func-
tion may alter very slowly over several years in
patients with multinodular colloid nodules and
some patients develop thyroid autonomy [22].
Initially the serum thyrotropin (TSH) falls to 
the lower end of the reference range, while
serum thyroid hormone concentrations remain
normal. The serum TSH may continue to fall
and become undetectable, while normal thyroid
hormone levels persist (“subclinical hyperthy-
roidism”). Eventually serum thyroid hormone
concentrations rise and the patient may develop
hyperthyroid symptoms.

Thyroid nodules due to autoimmune
(Hashimoto’s) thyroiditis have a variable course;
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over several years the thyroid tends to atrophy
and the goiter decreases in size [23]. Occasion-
ally Hashimoto goiters enlarge with the passage
of time, and in such cases an underlying lym-
phoma needs to be excluded, particularly in
older patients [17].

Thyroid nodules due to differentiated thyroid
cancer, if left untreated, usually continue to
grow, or may remain unchanged for several
years. More aggressive types of thyroid cancer
(medullary thyroid cancer, thyroid lymphoma,
anaplastic thyroid cancer) grow rapidly.
Thyroid nodules due to thyroid cancer do not
regress spontaneously. Sudden enlargement of a
nodule associated with localized pain and
sometimes systemic symptoms is usually due to
hemorrhage into a benign nodule or cyst [24].

Pathogenesis
Colloid Nodules
Histologically colloid nodules are composed 
of large areas of colloid-filled spaces lined by
flattened, inactive looking follicular epithelial
cells and lacking a fibrous capsule. Both clonal
and polyclonal proliferation is thought to take
place [22,25]. Defects in the reabsorption of
thyroglobulin from the lumen of the follicle 
or abnormal storage of thyroglobulin have been
suggested as possible mechanisms [25]. Genetic
and environmental influences are also thought
to be involved [25,26].

Other Types of Nodule
Functioning thyroid adenomas (“toxic
nodules”) often have somatic constitutively
activating mutations of the TSH receptor [27].
Molecular rearrangements or mutations in the
pathogenesis of differentiated thyroid cancer
(RET/PTC, BRAF) have been implicated [26,28].
Medullary thyroid cancer is frequently associ-
ated with activating somatic or germline muta-
tions of the RET gene. Mutations in tumor
suppressor genes (p53) have been reported in
anaplastic thyroid cancer [29]. External beam
irradiation to the thyroid in childhood increases
the incidence of both benign and malignant
thyroid nodules [30].

Initial Assessment
Patients with thyroid nodules should be
referred to a specialist (endocrinologist or
thyroid surgeon) for further assessment. Such a
strategy speeds the process of reaching a diag-
nosis and is cost-effective [31]. Clinical assess-
ment by history-taking and examination usually
does not lead to a precise diagnosis. Patients are
often asymptomatic except for being aware of
the nodule. Clinical features that warrant urgent
referral are shown in Table 7.2. Rarely thyroid
cancer can be inferred with confidence on clin-
ical grounds alone; in such cases the nodule is
hard [32], irregular, and associated with palpa-
ble cervical lymphadenopathy, but this is an
extremely uncommon presentation. The initial
clinical assessment is important in selecting
which patients require additional investigations
for exclusion of cancer. The only essential inves-

Table 7.1 Different pathologies presenting as a thyroid nodule

Colloid nodule
Colloid cyst
Follicular adenoma
Multinodular goiter
Malignancy

Papillary
Follicular
Medullary
Anaplastic
Lymphoma
Metastasis

Hashimoto’s thyroiditis
Subacute thyroiditis
Effect of prior operation or 131I therapy
Thyroid hemiagenesis
Parathyroid cyst or adenoma

Table 7.2 Clinical features in patients with thyroid nodules
warranting urgent referral

History of increase in size (rapid growth)
Family history of thyroid cancer
History of previous neck irradiation
Very young (<20) or very old (>70) patients
Unexplained hoarseness or voice change
Cervical lymphadenopathy
Compression symptoms including dysphagia,

dysphonia, hoarseness, dyspnea, and cough
Stridor
A nodule that is very firm or hard
Nodule fixation to adjacent structures



Thyroid Nodules 77

tigation by the primary care physician is bio-
chemical assessment of thyroid function. Other
tests, including imaging, at this stage are unnec-
essary and may delay reaching a diagnosis.

Biochemistry and Immunology
Patients with a toxic adenoma, toxic multi-
nodular goiter, Hashimoto’s thyroiditis, or
relapsed Graves’ disease after subtotal thy-
roidectomy need not be investigated further
with regard to the nature of the nodule, unless
there are worrying features on palpation or
there is a clear history of recent increase in size.
Patients with abnormal thyroid function should
be referred routinely to an endocrinologist.

Thyroid function tests are therefore an
important useful early screening test for select-
ing patients who require further assessment 
in order to exclude cancer, and should be 
performed by the primary care physician in all
patients presenting with a thyroid nodule.

Serum calcitonin may be elevated in patients
with nodules due to medullary thyroid cancer, a
rare cause of thyroid nodule with a prevalence
of about 0.5–0.7% [33]. Routine measurement of
serum calcitonin in all patients with thyroid
nodules has been advocated by some and retro-
spective evidence suggests a better outcome in
cases that are thus detected than in those diag-
nosed by conventional means [34]. This strat-
egy, however, remains controversial and cannot
yet be recommended.

Thyroid antibodies (antithyroid peroxidase
and antithyroglobulin antibodies) are useful 
to identify patients with autoimmune thyroid
disease, but the results of these tests are not nec-
essary in making a decision about referral.

Fine-Needle Aspiration Biopsy
Surgical removal of nodules was used exten-
sively several years ago as a means of excluding
thyroid cancer. This, however, was an unneces-
sary procedure in 95% of cases where the 
histology turned out to be benign [35]. The
introduction of fine-needle aspiration biopsy
(FNAB) has been shown to reduce the rate 
of thyroidectomies, increase the incidence of
thyroid cancer in resected thyroid lobes, and to
be cost-effective [36]. The sensitivity, specificity,
and accuracy of FNAB vary between 70% and
100% in different series [37,38]. The experience

of the person performing the biopsy and of the
cytologist, as well as the threshold for accepting
a specimen as adequate, determine the diagnos-
tic utility of this test [37,39]. False-positive
FNABs are generally rare [38], although the
false-negative rate can be as high as 6%, but in
most series it is approximately 1% [19,39,40].
FNABs are usually classified into one of six 
categories: no follicular thyroid cells present
(Thy0); follicular thyroid cells present, but in-
adequate in number for an accurate diagnosis
(Thy1); benign (Thy2); follicular neoplasm 
or hyperplastic nodule (Thy3); suspicious of
malignancy (Thy4); malignant (Thy5) [41].
Two common problems limit the usefulness 
of FNAB: inadequate specimens (i.e. smears 
containing insufficient numbers of follicular
thyroid cells, Thy0 and Thy1) and the inability
of FNAB to distinguish between a benign hyper-
plastic nodule and a follicular carcinoma, which
together constitute a significant minority of all
FNABs (Thy3).

Inadequate specimens require repeating the
FNAB either by palpation (42% chance of repeat
biopsy being inadequate, [42]) or with ultra-
sound guidance (95% chance of an adequate
sample [43]).

Ultrasonography
Ultrasound-guided FNAB increases the diag-
nostic yield to more than 95% and this approach
has been adopted by many centers [44,45]. It 
is, however, costly and the results are operator
dependent [42]. Ultrasonography often reveals
additional useful features which may help in 
the clinical management. Irregular margins,
increased vascularity, and the presence of
calcification increase the likelihood of cancer
[46]. However, none of these features are
pathognomonic of thyroid cancer and FNAB
remains the first investigation of choice in 
secondary care.

Thyroid Scintigraphy
Thyroid scintiscans may in specific circum-
stances help to distinguish a benign hyperplas-
tic nodule from a potential follicular neoplasm.
Hyperplastic nodules are characteristically
“hot” on scintiscans, whereas thyroid cancers
are typically “cold.” Hot nodules have a very 
low incidence of malignancy [39]. However,
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technetium-99 thyroid scanning may be mis-
leading and 123I scanning is preferable for clas-
sifying thyroid nodules as hot or cold. 123I is
expensive, and the classification of a nodule into
the hot or cold category may subjective [47]. For
these reasons most centers do not perform
thyroid scintiscans as part of the initial assess-
ment of thyroid nodules.

Management of Thyroid
Nodules
Malignant Nodules
If the nodule is shown to be due to differenti-
ated thyroid cancer (papillary or follicular) or
medullary thyroid cancer (Thy5), definitive
surgery should be performed, which in all but
exceptional cases should be total or near-total
thyroidectomy. Thyroid lymphomas usually
require further staging and conventional treat-
ment with chemotherapy and/or radiotherapy.
Surgery is seldom necessary for thyroid lym-
phomas or anaplastic thyroid carcinomas. The
latter have an extremely bleak prognosis and
usually require palliative treatments.

Benign Nodules
Hot nodules causing hyperthyroidism may be
treated with radioidine, which usually restores
euthyroidism and causes reduction of the size 
of the nodule over several months [48]. Good
results are also reported with percutaneous
ethanol injection in centers with experience in
this [49].

Benign thyroid nodules in euthyroid patients
do not require treatment unless they are 
symptomatic. Treatment may be considered if
patients are concerned about the cosmetic effect
of the nodule or if the nodule is sufficiently large
to cause obstructive symptoms. Suppressive
thyroxine therapy has been used to reduce the
size of benign thyroid nodules in euthyroid sub-
jects, but a meta-analysis has failed to show a
consistent beneficial effect and this treatment
cannot be recommended [3]. Percutaneous
ethanol injection can be helpful in both cystic
and solid benign nodules in centers with expe-
rience in this technique [46,50]. Radioiodine
can be effective in reducing the size of nontoxic

goiters and is particularly valuable in elderly
and unfit patients where surgery may be risky
[51]. Surgery is indicated in patients with large
nodules or multinodular goiters causing ob-
structive symptoms or cosmetic problems.

Management of Patients with
Nondiagnostic Cytology
Patients with adequate cytology which is inter-
mediate (Thy3 and Thy4), require surgery in
order to obtain an accurate diagnosis. The risk
of malignancy is approximately 20–25% in Thy3
nodules [52,53] and 40–50% in Thy4 lesions
[41]. Lobectomy is the operation of choice for
nodules with indeterminate cytology (Thy3 or
Thy4). If the histology is benign, the contralat-
eral thyroid lobe will be adequate in most cases
for maintaining euthyroidism without a need
for thyroxine therapy. If, however, the lesion is
malignant, the surgeon can proceed to a com-
pletion thyroidectomy without having to re-
explore the same lobe, thus minimizing the risks
of hypoparathyroidism and recurrent laryngeal
nerve injury.

In a very small proportion of patients the
FNA may not yield adequate numbers of cells
for diagnosis even after multiple attempts, or
the patient may refuse to have an FNA. The
management and follow-up of these patients
depends on the index of suspicion of an under-
lying cancer and their own individual circum-
stances and comorbidity. The case for surgery
(usually hemithyroidectomy) is strengthened in
patients who give a history of rapid growth, if
the nodule is large (>3 cm), hard or fixed, in
recurrent cystic nodules and nodules that are
considered to be high risk (Table 7.2). In all
other cases of deferred surgery, follow-up is
mandatory with regular clinical and ultrasono-
graphic assessments.

Management of Thyroid
“Incidentalomas”
Small nonpalpable thyroid nodules are common
in the general population and with increasing
use of imaging techniques such lesions are fre-
quently detected in asymptomatic subjects. The
prevalence of thyroid cancer in such lesions is
thought to be low (about 1–2%) [54]. However,
recent data suggest that in some series the inci-
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dence of cancer may be as high as 12% and often
associated with cervical lymph node metastases
or multifocal tumors [55,56]. These findings are
contradictory to the experience in other centers
and until wider evidence to the contrary is avail-
able, observation of small (<1 cm), impalpable
nodules in patients who are not otherwise in a
high risk category (Table 7.2) is recommended
[57]. The incidence of thyroid cancer in non-
palpable thyroid nodules >10 mm diameter
appears to be similar to palpable nodules [58]
and such nodules ought to be investigated.

Follow-up of Benign 
Thyroid Nodules
Some authors recommend that a benign FNAB
should be confirmed by a second FNAB 6–12
months later, because of a false-negative rate of
up to 6% of the initial FNAB [59]. The decision
to subject patients to a second FNA has to be
balanced against the probability of nondiagnos-
tic aspirate, false-positive results (e.g. Thy3 in up
to 7% of cases) necessitating surgery, reduction
in cost-effectiveness, and heightened patient
anxiety [35]. A small proportion of patients will
develop new nodules or enlargement of their
existing nodule, and some will develop thyroid
dysfunction; therefore some form of follow-up
seems appropriate, although the optimal means
of achieving this is unknown.

Organizational Aspects of a
Thyroid Nodule Service
Ideally a “one stop” clinic with access to bio-
chemical testing of thyroid function (if not
already available), cytology, and diagnostic
ultrasound can provide rapid diagnosis and
planning for those cases that require treatment.
Patients can be assessed clinically, FNAB per-
formed, cytology reported and if necessary
repeated until an adequate sample can be
obtained. Those patients who require surgery
either for diagnosis or for treatment can have a
consultation with the surgeon and the operation
planned. Only a few centers are able to provide
such a facility because of limited resources.
The crucial aspect of a thyroid nodule service,

however, is that it is staffed by clinicians and
cytologists who are appropriately trained and
experienced in dealing with thyroid nodules.

Performing a biopsy implies suspicion of
cancer and most patients experience anxiety
about the procedure and the outcome. Before
the biopsy the reason for performing this test
should be discussed openly with the patient and
informed consent obtained. Patients should
understand that the result of the biopsy may not
provide a definitive answer and that further
tests (including surgery) may be required. It is
good practice to give patients the opportunity
to discuss these issues, and to arrange prospec-
tively a time and place for the communication
of the result of the biopsy. This may include
breaking bad news, in which case a relative and
a nurse should be present. It is preferable 
therefore for the discussion of the results of
the biopsy to take place in person. Informing
patients of a diagnosis of cancer by letter or by
telephone is an unsatisfactory approach, in the
author’s opinion, except in specific circum-
stances and only if that is the patient’s own 
preference.

The Future
Several molecular markers of thyroid cancer are
known and the list is continuously growing.
Detection of molecular markers of thyroid
cancer in FNAB specimens can potentially
improve the diagnostic yield and reduce the
incidence of indeterminate biopsies. Early expe-
rience, particularly with respect to galectin-3
and thyroid peroxidase, is encouraging [60,61].
However, with the exception of calcitonin
immunostaining for medullary carcinoma,
there are no reliable immunohistological or
molecular tests at this time for distinguishing
between benign and malignant nodules using
FNAB material [62].
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The different ways general practice operates
across the world causes some difficulties in
attempting to describe a primary care approach
to thyroid cancer. The approach of practitioners
in areas where the specialist team may be imma-
ture or nonexistent will differ to that where the
specialist team is highly developed and close at
hand. We have identified the highest diagnostic
and management level that a general practi-
tioner (GP) might be expected to exercise in a
remote context. GPs in better served areas may
not need to exercise these skills, but should be
aware of the tasks required for comprehensive
care of these patients.

For example, in Australia, there are specialist
teams in the capital cities, and GPs can refer to
them with little need for workup. However, a
quarter of the population of 20 million does not
live in capital cities but is scattered across vast
rural areas. The patient may be days away from
a specialist. (As an idea of Australia’s size, Perth
to Brisbane is the same distance as Dublin to
Moscow!) These patients need a workup at a
local level which ensures that any trip under-
taken is not wasted. Australian GPs frequently
do a lot more diagnostic work before specialist
referral than would happen in Britain, and 
have more extensive follow-up responsibilities.
The GP is the health service in many Australian
locations!

The Diagnostic Context of
General Practice
To appreciate the issues GPs face in dealing with
rare conditions, it is important to look at the
context in which primary care is practiced.
Definitions of primary care all emphasize the
comprehensive nature of primary care. The
American Academy of Family Physicians, for
example, states that family (general) practice is:

• The medical specialty that provides con-
tinuing and comprehensive health care for
the individual and the family.

• The specialty in breadth that integrates the
biological, clinical, and behavioral sciences
and in scope that encompasses all ages,
both sexes, each organ system and disease
entity [1].

Primary practitioners serve all comers, with all
their complaints – both medical and nonmed-
ical. They deal with the condition in the context
of the person and their social milieu.

Hence for thyroid cancer, the challenges are to
identify the condition, arrange appropriate
investigation and referral for definitive treat-
ment, have a role in follow-up, and participate in
palliative care. The GP interprets the disease and
the processes for the patient, and acts as advo-
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cate for the patient in a confusing and intimi-
dating health system at a time when the patient
and their loved ones are extremely vulnerable.

Diagnostic Frameworks for
General Practice
Because GPs must be able to distinguish rare,
life (or lifestyle) threatening conditions from
more common conditions, it is essential to have
a diagnostic framework that accomplishes this
efficiently. This framework must be sensitive
enough not to miss these major conditions, but
specific enough to ensure that patients and the
community are not subjected to unnecessary,
expensive investigations and inconvenience. It
needs to identify the patient’s concerns and 
possible psychosocial basis for presentation of
physical symptoms. Such a framework has been
developed by Murtagh [2]. It directs the practi-
tioner to ask five questions when confronted
with a clinical problem.

1. What is the probability diagnosis?
2. What serious disorders must not be

missed?
3. What disorders are commonly missed?
4. Is this one of the masqueraders1 in medical

practice?
5. Is this patient trying to tell me something?

The probability diagnosis is that condition most
likely to explain the presenting complaint. It
highlights the relationship between the pre-
valence of a condition and the likelihood that
the condition is truly present. A symptom or
sign reflective of a high prevalence condition
will most likely be due to that complaint. A
symptom reflective of a rare condition is much
more likely to be a false-positive finding. Since

GPs work in the community, they are familiar
with what is common in that community. By
expecting the common, they will rarely be 
mistaken.

However, they must not miss the rare but
serious causes of a symptom. This may mean
testing a little more intensely to rule out the con-
dition, or having a strategy that identifies the
rare and important as its true identity declares
itself over time (see below).

Some causes of a condition are commonly
misdiagnosed, and should be considered. An
example is constipation as a cause of a child’s
abdominal pain. There are also symptom com-
plexes that present in a variety of nonspecific
ways that can be missed if not considered. These
are the masqueraders. An example is hypothy-
roidism, which can present as depression,
dementia, weight gain, tiredness, hoarse voice,
or even cardiac failure.

Finally, it is a common occurrence that phys-
ical symptoms can be the presenting symptoms
of psychosocial or spiritual distress. If the
pattern of illness does not ring true, or if there
is dissonance between the described severity
and objective signs and symptoms, the GP is
alerted to the presence of potential personal 
distress.

A great strength of general practice is the lon-
gitudinal care of patients, which allows both 
the opportunity to develop a comprehensive
picture of the patient’s social context, and
opportunities to observe the natural history of
disease. This creates opportunities to add a
“safety net” to the diagnostic process. Many of
the conditions that GPs see have differing time
disease trajectories, but present with markedly
similar conditions in the early stages. Because
primary practice allows for repeated visits, the
“return visit” becomes a powerful diagnostic
tool. The clinical picture becomes clearer as
time progresses. Conditions with a steady pro-
gression of symptoms with time can be distin-
guished from ones that are self-limiting, simply
by a review in a week or a month. It is much
more difficult to put in place such a means of
review in secondary or tertiary care facilities,
due to organizational, manpower, and funding
constraints.

It is in this context that problems in identify-
ing and managing cancer of the thyroid in
general practice become obvious.

1The masqueraders can be grouped into primary and sec-
ondary groups. The primary (most common) masqueraders
are: depression, diabetes mellitus, drugs, anemia, thyroid
disease, spinal dysfunction, and urinary tract infection. A
secondary (less common) list includes: chronic renal failure,
HIV/AIDS, rare bacterial infections (e.g. subacute bacterial
endocarditis, tuberculosis), systemic viral infections (e.g.
infectious mononucleosis, hepatitis A, B, C, D, E), neurolog-
ical dilemmas (e.g. Parkinson’s disease, multiple sclerosis),
connective tissue disorders (e.g. systemic lupus erythe-
matosus, polymyalgia rheumatica).
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Making the Diagnosis of
Thyroid Cancer in General
Practice
Thyroid cancer is rare. It presents as an isolated
thyroid nodule, and has an annual incidence of
between 0.5 and 10 per 100 000 population [3].
In Australia in 1998, the average GP in a major
city had a practice of 1028 patients (up to 1960
in remote areas) [4]. Therefore, a full-time GP
will see one thyroid cancer every 10 years at
most. If the lower figure is taken there will be
some GPs who will never see a case in a 40-year
working life.

By contrast, the prevalence of clinically
detectable (i.e. detectable by clinical examina-
tion) benign thyroid nodules is much higher in
the general population than is thyroid cancer,
the main differential diagnosis. A population-
based study in Finland found thyroid nodules
by ultrasound in 27.3% of subjects tested. Of
these, only 5% were clinically detectable. This
equates to a prevalence of 1.4% in the general
population [5]. The average Australian GP prac-
tice will thus have 14 patients with a clinically
detectable nodule. A Spanish study of the inci-
dence of thyroid disorders in five general prac-
tices with 5834 people identified 19 cases of
thyroid nodule in the period January 1985 to
June 1993. Three of these were thyroid cancers
(two papillary and one follicular cancer) [6]. It
is thus clear that this is an uncommon GP
problem, with thyroid cancer being an exceed-
ingly rare occurrence.

Following Murtagh’s diagnostic method, the
GP must therefore be aware of the probability
diagnosis of a lump in the thyroid (and sur-
rounding structures).

High Probability
Single nodule:

Simple colloid nodule
Follicular adenoma
Regional lymph node

Multiple nodules:

Hashimoto’s thyroiditis
Multinodular goiter (nontoxic or toxic)

Colloid nodule (dominant nodule in a
multinodular goiter)

Other neck structures:

Regional lymph nodes

Low Probability
Thyroid nodules:

Parathyroid adenoma
Thyroid cancer
Secondary cancer in thyroid

Other neck structures:

Thyroglossal cyst
Secondary cancer in lymph nodes

At the same time GPs must have a strategy that
will identify important causes not to be missed,
including thyroid cancer.

History
Most thyroid nodules will be asymptomatic, and
present after being noticed by the patient. Alter-
natively the nodule may be discovered by the
doctor while examining the neck for unrelated
conditions.

The key elements of history helping to dis-
tinguish thyroid cancer from other causes of
a thyroid nodule relate to the known risk
factors. These include age <20 or >70, external
irradiation to the neck during childhood or
adolescence, family history of thyroid cancer
(seen in medullary cancer of the thyroid or 
multiple endocrine neoplasia type 2). The pres-
ence of an accompanying hoarse voice, dyspha-
gia or neck pain, rapid nodule enlargement,
symptoms of compression, including stridor
and dyspnea, or enlarged lymph nodes are 
signs of potential invasion of the cancer to local
structures [7].

Historical features that reduce the chance of
a cancer include: family history of Hashimoto’s
thyroiditis or autoimmune thyroid disease;
family history of benign thyroid nodule or
goiter; symptoms of hypothyroidism or hyper-
thyroidism [7]. Living in an area of iodine
deficiency increases the chance of multinodular
goiter [8].
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Examination [9,10]

Thyroid cancer usually presents with a lump in
the neck. Some features make the diagnosis of
cancer more likely, while others tend to negate
this possibility.

General inspection of the patient should seek
features of hyperthyroidism (typically a constel-
lation of anxious demeanor, weight loss, tachy-
cardia, sweating, eye signs including lid lag,
lid retraction, and exophthalmos), or hypothy-
roidism (slowed mentation, weight gain, coarse
skin and hair, bradycardia).The presence of
either syndrome makes thyroid cancer unlikely.
However, weight loss or a hoarse voice may point
to the diagnosis of thyroid cancer.

After general inspection, the first challenge for
the GP is to determine whether the lump is
within the thyroid gland or not. Inspection and
palpation should be both used to determine this.
Good light and plenty of access to observe the
patient from “in front” as well as “behind” is
required. A normal thyroid gland is usually not
visible. Sometimes, however, the gland can be
seen in a thin patient, whilst obesity makes 
the detection of a lump within the gland even
harder. In inspecting the thyroid gland it is
useful to ask the patient to swallow. A thyroid
swelling will move up and down during this 
act.Asking the patient to “stick out their tongue”
will also cause a lump within the gland to rise
unless it is fixed to surrounding tissues by
tumor.

Palpation is best performed by standing
behind the patient. The patient should lower the
chin slightly as this will aid relaxation of the
neck muscles. Both hands, each with its thumb
in the nape of the neck, should be used simul-
taneously to palpate the gland. The patient can
be asked to repeat the swallowing exercise at
intervals as described above. However, for the
patient’s comfort it may be necessary to give the
patient a drink of water to make swallowing
easier.

Careful examination of the nodule ought to
distinguish the isolated single nodule from a
dominant nodule in a multinodular goiter. The
risk of malignancy in an isolated thyroid nodule
and multinodular thyroid gland is the same. The
nodule should be examined to distinguish
between softness (versus hard for cancer),
smooth borders (versus irregular), mobility of
the nodule (versus fixed to other structures).
Tenderness of the nodule and surrounding

structures may be present. It is not as reliable a
sign, as both an acutely active thyroiditis and an
invasive cancer may be tender.

There are often no other symptoms or signs
in thyroid cancer. The presence of associated
symptoms may indicate that the tumor is more
aggressive or has spread to a distant site.

Patients more at risk of cancer are males, and
whose ages are less than 20 or greater than 70
years old. While males have a higher proportion
of malignant to benign nodules; the gender
ratio for all thyroid cancers is 3 : 1 [11].

Nodules less than 1 cm in diameter may be
missed clinically. Larger nodules may also be
difficult to palpate when they are situated deep
in the gland.

The next dilemma for the general practi-
tioner is to identify those lumps that need inves-
tigation or referral from those that do not – and
of those that need referral which need urgent
referral.

Investigations
History and examination will rarely do more
than raise the possibility of a thyroid cancer
diagnosis. They will also occasionally point to
the likely diagnosis of nonmalignant thyroid
nodules. Investigations will be required to
clinch the diagnosis. The algorithm in Figure 8.1
will assist in distinguishing alternate diagnoses.
This algorithm assumes the GP has ready access
to basic thyroid function tests, and the ability to
refer to specialists if required for further evalu-
ation. A diagram outlining specialist diagnosis
and management procedures (Figure 1.8) is
given in Chapter 1.

The sensitive thyroid-stimulating hormone
assay (TSH) is an important initial test. It will
distinguish between potentially overactive
thyroid nodules and others.

Whether further tests over and above TSH
should be performed depends on context.
Further tests are inappropriate where: (1) a mul-
tidisciplinary team exists, (2) other tests are not
readily available to the GP, and (3) the patient
can be seen by specialists in a reasonable time
frame. Initiation of other investigations by the
GP should be performed (1) in the absence of
specialist services, (2) where the tests are avail-
able to the GP, and (3) where they can be per-
formed ahead of the referral and taken to the
specialist. This may actually save time.
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If the TSH is suppressed, a pertechnetate
(99mTc) or 123I scan should be ordered. An active
nodule will demonstrate increased uptake of the
radioactive material, which confirms the diag-
nosis of a hyperfunctioning isolated nodule, or
dominant nodule in a hyperfunctioning gland.
However, most nodules will not demonstrate
increased uptake (so-called “cold” nodules).
These will require fine-needle aspiration biopsy
to determine their composition.

If the TSH is normal or elevated, the diagno-
sis then is between an autoimmune thyroiditis
and other forms of nodule including cancer.

Thyroid autoantibody assays (antithyroid per-
oxidase and antithyroglobulin) will determine
the presence of immune activity. Although
cancers and Hashimoto’s thyroiditis can coexist,
this is rare [7]. Serum calcitonin would be added
to the investigations performed if there is a
family history of medullary thyroid carcinoma.

Fine-needle aspiration biopsy is the only test
that can confirm the presence of thyroid cancer.
The test has a false-negative rate of 1–11%,
a false-positive rate of 1–8%, a sensitivity of
65–98%, and a specificity of 72–100%. Limita-
tions of fine-needle aspiration are related to the

Nodule Palpated 

Apparent single nodule 
OR

Dominant nodule in a multinodular goitre 

Thyroid Stimulating Hormone assay 

TSH suppressed TSH normal TSH Elevated

Hashimoto’s
thyroiditis

Pertechnetate Thyroid Scan 

“Hot
nodule

“Cold”
nodule

Hyperthyroidism-
autonomous nodule or 
dominant nodule in 
hyperthyroid gland 

Thyroglobulin Auto-antibodies 

Fine Needle Aspiration Biopsy 

Test +ve 
Test -ve 

Thyroid cancer  
confirmed

Thyroid cancer 
suspected but 
not confirmed  

Other
diagnosis

Figure 8.1 General practitioner diagnosis of potential malignant thyroid nodule. Heavily shaded boxes = diagnostic tests, light
shaded boxes = potential diagnosis.
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skill of the aspirator, the expertise of the cytol-
ogist, and the difficulty in distinguishing some
benign cellular adenomas from their malignant
counterparts [12]. Ultrasound guided biopsy is
useful in aspiration of impalpable lesions.

When to Refer – and How Urgently
In the UK the presence of any of the following
is an indication for urgent referral [13]. The
clinical information should be faxed to second-
ary care within 24 hours of the decision to refer
so that the patient can be seen within 2 weeks:

1. Thyroid lump – newly presenting or
increasing in size.

2. Thyroid lump in a patient with a family
history of thyroid cancer.

3. Thyroid lump in a patient with a history of
previous neck irradiation.

4. Thyroid lump in very young (usually <10
years) or very old patients (usually >65
years) [13] especially men.

5. Unexplained hoarseness or voice changes
associated with a goiter.

6. Cervical lymphadenopathy (usually deep
cervical or supraclavicular region).

7. Stridor (this is a late presenting sign and
patients should be seen immediately).

Where to Refer Patients with
Possible Thyroid Cancer
Euthyroid patients with a thyroid nodule may
have thyroid cancer and should be referred 
to a member of a multidisciplinary thyroid 
cancer team if it is available. Patients with
hyper- or hypothyroidism and a nodule or
nodular goiter should be referred routinely to
an endocrinologist.

Patients should be referred to a surgeon or
endocrinologist who has a specialist interest in
thyroid cancer and preferably is a member of a
multidisciplinary team (MDT) if one is avail-
able. A clinical oncologist or nuclear medicine
physician, preferably a member of an MDT, may
also be appropriate.

Patients with unexplained hoarse voice may
have a thyroid cancer, and should be considered
for referral as above. However, smokers with a
hoarse voice (and no goiter) are more likely to

have laryngeal pathology, and should be
referred to an ear, nose, and throat surgeon in
the first instance for examination of the vocal
cords and laryngeal structures.

“Incidentalomas”
GPs may order ultrasounds of the neck in order
to identify the nature of a goiter or other 
neck mass. Scans are also ordered to exclude 
retrosternal goiter as a cause of dysphagia, or
unexplained dyspnea. Such scans may reveal
impalpable thyroid nodules as incidental
findings.

These are termed “incidentalomas.” They
present a management dilemma, as occult
thyroid cancers are found in autopsy specimens
at a rate of 36 per 1000 patients (compared with
a clinical rate of 0.5–10 per 100 000 per annum)
[14]. It may be, therefore, that the doctor is
forced to investigate these lesions. If the nodule
is one of many in a multinodular thyroid, the
likelihood of cancer is very small. Moreover, as
clinical cancer of the thyroid accounts for <1%
of cancer deaths [3], there must be a large
number of cancers that are present but clinically
insignificant.

Thus there is a similarity between the clinical
decisions required to be made in thyroid cancer
and prostate cancer. Up to 75% of all prostate
cancers may never be diagnosed [15]. The
dilemma faced by medical practitioners, espe-
cially GPs who find such a lesion is: what will be
the cost-benefit of investigating an inciden-
taloma? In a younger person, there will be little
argument. However, in older people, what is
going to be the benefit of investigation, treat-
ment, and ongoing surveillance of a condition
that may have caused no extra morbidity?

Role of the GP in Initial Diagnosis
GPs will often be the first port of call for a
patient who has found a thyroid nodule, and
may be the one who identifies the nodule inci-
dentally either on physical examination or on
ultrasound.

Much of the patient’s workup can be con-
ducted in general practice, depending on local
access to biochemical and pathological testing,
specialist teams, and local protocols. This work
can reduce the time required for specialists to
perform their diagnostic procedures.
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Should a diagnosis of thyroid cancer be pos-
sible, it is essential that the possibility is can-
vassed with the patient before referral to the
specialist. Responses to the diagnosis in other
cancers when patients are not forewarned can
range from disbelief to anger, and specialist col-
leagues are put in an invidious position when
there is no preparation [16].

Informing the Patient
The patient should be informed of the diagno-
sis by a member of the specialist team. Written
information concerning thyroid cancer and its
treatment should be available to the patient in
the specialist clinic. Patients may have difficulty
understanding all this information at a single
consultation and an opportunity for further
explanation/discussion should be offered by the
specialist team. However given the easier access
and often longstanding relationship with their
GP, patients may approach primary care for
further information, interpretation of the spe-
cialist consultation, and help. It is therefore
essential that the GP and his nursing colleagues
have access to and understand the information
being given to the patient by secondary care.

In the UK, patients may receive information
from secondary care in the form of leaflets
explaining (1) tests and treatment, (2) thy-
roidectomy, and (3) radioactive iodine ablation
therapy. These have been formulated into three
patient information booklets which are avail-
able on the British Thyroid Association website
– www.british-thyroid-association.org.

How to Break Bad News
While providing patients with the facts about 
an adverse diagnosis such as thyroid cancer is
important, the manner in which the news is con-
veyed is vital. Poorly conveyed bad news can
leave long-lasting adverse psychological conse-
quences [17].

Meticulous attention to detail will minimize
the impact of the news. If the patient is com-
ing as an outpatient to receive the diagnosis,
they should be advised to have their spouse 
or a trusted adult come with them to the 
consultation.

Adequate time should be set aside. The GP
should be prepared for shows of emotion, both

from the patient as the news is conveyed, as well
as some internal discomfort of his own. The
news should be delivered in private. Informa-
tion similar to that discussed above should be
given to the patient. The GP should sit at the
same level as the patient, and speak slowly and
clearly. Be prepared to repeat information.
Patients recall only a fraction of what is said
when bad news is broken, so giving the infor-
mation in written form is vital. Always arrange
a repeat visit to reinforce the message and allow
unanswered questions to be answered.

What to say:

1. Start by summarizing what the patient
knows. For example, “As you know, we
found a lump in your thyroid gland. We
needed to do a series of tests to work out
what the problem might be.”

2. Ask what they think the problem is. “Have
you got any thoughts about what the
problem might be?”

3. Name the problem: “I’m afraid your fears
that it might be cancer might be correct.
We need to arrange for tests to make sure
you don’t have a form of thyroid cancer.”

4. Discuss where we go from here. Be honest
with the answers. In particular with prog-
nosis, state that the prognosis cannot be
determined until the nature of the cancer
(if it is cancer) has been determined. High-
light the generally good prognosis most
forms of thyroid cancer have.

5. Be prepared to repeat information –
arrange for a follow-up appointment and
suggest the patient writes down questions
he or she might have.

The Need for Specialists to
Inform the Primary Care Team
Secondary care providers have a responsibility
to inform the primary care team at regular
intervals during diagnosis and treatment. Good
practice and present guidelines encourage the
following:

1. The GP should be informed within 24
hours (by telephone or fax) of the diagno-
sis being communicated to the patient. The
GP should also be made aware of the



90 Practical Management of Thyroid Cancer

information which has been given to the
patient and of the planned treatment.

2. Subsequent alterations in prognosis,
management, or drug treatment should 
be communicated promptly to the GP as
patients/carers will often approach their
GP for confirmation or extra information.

Support of Patients During
Treatment and Follow-up
GPs should be familiar with the treatment pro-
cedure during and after the initial phase of diag-
nosis. Ablation of all thyroid tissue with 131I is
usually performed at the time that TSH produc-
tion is maximal – usually around 4 weeks post
surgery. Thereafter, the patient will require
replacement therapy with thyroxine (T4). This
will only be ceased in the weeks prior to 
periodic reassessment with radioactive iodine
scans. GPs will need to monitor thyroxine levels.
Serum thyroglobulin levels can also be moni-
tored as this hormone is a sensitive marker of
well-differentiated thyroid tumors [3].

Serum calcium and parathyroid hormone
surveillance should be considered until it is
established that the parathyroid gland pre-
served at the time of surgery is functioning ade-
quately. If a total thyroidectomy is required,
autologous transfer of a parathyroid gland into
a muscle mass will be performed.

The most common forms of thyroid cancer –
follicular and papillary – have excellent survival
rates, even when there has been spread beyond
the thyroid [14]. GPs can therefore be very 
optimistic when talking to most patients 
about prognosis. While patients will accept this
outlook, the emotional response to suffering
cancer needs to be considered. Anxiety will rise
with every follow-up check and will not abate
until news that “no recurrence has been found”
is delivered. Moreover, the physical symptoms
related to thyroid hormone withdrawal required
prior to reassessment are profound, severe,
and debilitating. Dow and colleagues found 
that patients with thyroid cancer had to learn
through their own personal experiences what
physical limitations were imposed during the
period of surveillance testing. As well, the phys-
ical changes and anticipation of body scanning

exerted a profound effect on their psychological
and social wellbeing. Feelings of loss, anxiety,
depression, and loss of concentration were very
difficult to endure [18,19].

One challenge for all practitioners dealing
with cancer patients is that of offering shared
decision-making capacity. With thyroid cancer,
the treatment protocols for most will be rela-
tively inflexible, and patient choice will be
limited to whether to agree to treatment or not.
However, studies in breast cancer patients indi-
cate some women want an active role in deci-
sion-making. Degner et al. showed that women
with higher levels of education and who were
younger wanted to be more actively involved 
in decision-making. However only 30–40% of
patients achieved the role they preferred for
themselves [20]. These findings may not be
transferable to other cancer patients: it has been
shown that patients with colorectal cancer had
a lower proportion of patients wanting to have
an active decision-making role than was the
case with breast cancer patients [21].

Long-Term Follow-up
Regular follow-up is necessary, particularly 
for detection of early recurrence, initiation of
appropriate treatment, TSH suppression, and
management of hypocalcemia. This is usually
undertaken by either a member of the MDT,
working in a multidisciplinary setting and
according to the established local guidelines, or
by the GP where that facility does not exist.
Once the thyroid remnant has been ablated, the
frequency of attendance will be decided in each
case individually: usually 3-monthly for the first
2 years, decreasing to 6-monthly for 3 years, and
annually thereafter. Support and counseling
may be necessary, particularly for younger
patients, and in relation to pregnancy.

Follow-up should be life-long because:

• The disease has a long natural history.
• Late recurrences can occur, which can be

successfully treated with a view to cure or
long-term survival.

• The consequences of supraphysiological T4

replacement (such as atrial fibrillation and
osteoporosis) need monitoring, especially
as the patient ages.
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• Late side-effects of 131I treatment may
develop, such as leukemia or second
tumors.

At each visit the following tasks should be
completed:

• Patient history should be taken.
• A clinical examination should be 

performed.
• Assessment of the adequacy of TSH sup-

pression and of possible effects of thyrox-
ine excess.

• Measurement of thyroglobulin (Tg) as 
a marker of tumor recurrence. (Unde-
tectable Tg without TSH stimulation does
not, however, exclude the possibility of
recurrent tumor. Serum calcium should be
measured if indicated.)

Recurrent Disease
Local recurrence of thyroid cancer is common,
occurring in up to 30% of patients thought to 
be disease-free after treatment [22]. Distant
metastases develop in 5–20% of patients with
differentiated thyroid carcinoma, mainly in the
lungs and bones. Early detection of recurrent or
metastatic disease can lead to cure or certainly
long-term survival – particularly if it is opera-
ble or takes up radioactive iodine.

Palliative Care
Palliative care is not necessary in the vast major-
ity of patients with differentiated thyroid cancer
because they are cured. However, in a very small
proportion of patients with recurrent end-stage
disease (and in patients with anaplastic thyroid
cancer) palliative care will be necessary. The GP
should work with a palliative care consultant, in
conjunction with the MDT.

Symptoms of stridor and fear of choking 
are very distressing and can be alleviated by
pharmacological means, palliative surgery, and
counseling. These patients should be referred
early to the local palliative care team. There are
excellent guides for primary palliative care.
Local practice guidelines are available in many
Western settings [23–25].

Special Situations
Pregnancy
A minimum of 4 months is recommended
before conception post treatment. However a
risk of spontaneous abortion may persist for 
up to one year post treatment. TSH should be
monitored to ensure TSH remains suppressed as
T4 requirements may increase in pregnancy
[13].

The diagnosis of thyroid nodules in pregnant
women can usually be managed in the same 
way as in nonpregnant patients [26], except 
that radionuclide scanning is contraindicated
[7]. A thyroid nodule presenting in pregnancy
should be investigated by FNA biopsy. Surgical
removal of thyroid nodules is relatively safe
during the second trimester, which is the safest
time for surgery during pregnancy. (Surgery
during the first trimester carries a high risk 
of abortion.) 131I studies can follow in the post-
partum period. Surgery also can usually be
deferred until after the pregnancy. Only very
rarely is termination of pregnancy followed 
by thyroidectomy, 131I studies, and treatment
needed [13].

Childhood
While the prevalence of thyroid nodules is less
common in children, the risk of malignancy
appears to be much higher (14–40% in children
as opposed to 5% in adults) [26]. Recent reports
suggest FNA biopsy has an important role in the
diagnosis and management of thyroid nodules
in children. However, studies involving children
have been limited, and false-negative results
have raised concerns about the accuracy of this
test in children [26]. Therefore surgical excision
may be appropriate even if FNA suggests benign
disease [13].

Family History
Medullary thyroid cancer is a rare disease
accounting for 5–10% of all thyroid cancers.
Twenty-five percent of these cancers are famil-
ial, inherited in an autosomal dominant
manner, necessitating a comprehensive and
integrated approach to patient and family.
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The Advantage of a Strong
Primary Care Sector
Starfield has shown conclusively that the
stronger the country’s primary care sector, and
the more money per capita is spent on the
sector, the better health outcomes are achieved
[27]. In complex conditions such as thyroid
cancer, the gatekeeper role and the role of the
patient advocate are critical.

Gatekeeper Role
This is the role whereby a well-trained GP 
has the responsibility of determining which
resources are the most appropriate for the
patient’s needs. This role gives the GP the
responsibility of allocating scarce health
resources most appropriately, by directing the
patient to the tests and specialists most suited
to the patient’s needs. Ideally the GP has the
ability to diagnose the problems accurately,
know the resources available in a community,
and match the need to the resources. It is not
always obvious which tests and resources are
most appropriate for the patient. In systems
where the patient has the capacity to make these
decisions autonomously, at best a lot of money
can be wasted, and at worst, serious treatment
errors can be made and life can be put at risk
[28].

Patient Advocate
Thyroid cancer is a serious and frightening con-
dition, where the management is complex and
ongoing. Navigating the complexities of treat-
ment in an ever more complex health system
can be confusing and frightening. The GP has a
pivotal role in ensuring the patient gets the right
attention by the right service in the right time
frame. He or she therefore can assume the role
of a “health advocate” or “case manager.” This
role also involves interpreting the disease, the
treatments, and the prognosis for the patient. It
is an enabling role which is critical for the
empowerment of the patient, and for assisting
the patient understand the condition and what
is being proposed. Understanding the disease
process allows the patient to “live with” the
illness better. Empowerment of the patient in

this way will lead to better health outcomes
[25,29,30].

Conclusion
Thyroid cancer is rare,and many GPs will not see
it in a professional lifetime. However it is life-
threatening, and GPs must have diagnostic
strategies that enable it to be identified promptly,
efficiently, and cost-effectively. How this is done,
and to what extent the GP is involved in workup
and follow-up, varies enormously throughout
the world and the various health systems. Some
GPs will have ready access to multidisciplinary
teams, while others will have to conduct much of
the diagnostic and follow-up work on their own
in rural and remote settings.

The core skills of accurate history-taking 
and diagnosis are common in all locations.
The central roles of the GP as a gatekeeper and
patient advocate should be common to all 
settings.
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Introduction

The multidisciplinary team dealing with pati-
ents with thyroid nodules must include a
pathologist. The aim is to make the correct diag-
nosis as soon as possible after presentation, to
prevent surgery where it is not required, and to
allow treatment to be planned when malignancy
is diagnosed. The first investigation should now
be fine-needle aspiration (FNA) cytology. With
adequate specimens, the pathologist can give a
relatively clear indication of the nature of the
lesion. A diagnosis of benign disease indicates
that the nodule need not be removed other than
for local pressure effects or cosmetic reasons.
This has reduced surgical intervention for
thyroid nodules by up to 50%, and has increased
the yield of cancers in surgical specimens from
10–15% up to 20–50% [1]. However, FNA is not
yet the norm, and the proportion of patients
having FNA varies in different centers. Recent
studies from the USA and UK suggest that FNA
is used as the initial procedure in only 52–84%
of patients with thyroid nodules [2].

In dealing with the surgical specimen the
pathologist should provide a definitive diagno-
sis and try to identify features that correlate
with a more aggressive pattern of behavior. For
example, distinguishing minimally from widely
invasive follicular carcinoma and defining cer-
tain variants of papillary carcinoma. Pathology
also contributes to the staging by defining the
maximum dimension of the tumor, the presence

or absence of extrathyroidal spread, the pres-
ence of ipsilateral or contralateral lymph node
involvement, and sometimes the presence of
metastases.

Fine-Needle Aspiration
Cytology
Fine-needle aspiration should be performed on
any solitary or dominant nodule more than 
10 mm in diameter or in nodules as small as 
8 mm with highly suspicious ultrasonographic
characteristics. Where the nodule is palpable it
can be aspirated under direct palpation in the
first instance. In some places in Europe and the
USA and in Japan, ultrasound guidance is used
for all lesions. However, in view of the additional
resource required, many centers would reserve
its use for cases where standard FNA yields non-
diagnostic material. It is also especially useful 
in complex cysts, in lesions that are difficult to
palpate or are impalpable, and in targeting 
the dominant nodule(s) in multinodular goiter.
Aspiration should be carried out by a clinician
with an interest in thyroid disease, trained in
good practice and performing aspirates regu-
larly. This can be a cytopathologist, surgeon,
endocrinologist, or radiologist. The cytopathol-
ogist reporting the FNA should also have an
interest in thyroid disease and report sufficient
cases to maintain expertise. There should be the
opportunity for cytology review, and correla-
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tion with any subsequent histology is essential
as part of audit. In most centers, a combination
of wet and air-dried preparations is used. Addi-
tional material may be processed as cytospin
slides, cell blocks or Millipore filter preparations
for immunohistochemistry where appropriate,
or processed for molecular genetic analysis.
However, in most instances, the diagnosis is
made on standard smears. The few publications
on the use of liquid-based cytology for thyroid
suggest that it is not as good as conventional
smears [3,4].

Aspirates are usually divided into five cate-
gories: nondiagnostic; benign; follicular lesions
(usually neoplasms); suspicious of malignancy
(papillary, medullary or anaplastic carcinoma,
or lymphoma); and diagnostic of malignancy
(in the same range of tumors). A numerical
grading system of Thy1 to Thy5 has recently
been proposed in the British Thyroid Associa-
tion guidelines [5]. This should be coupled with
a descriptive report. Published figures would
suggest that inadequate/nondiagnostic (Thy1)
FNA cytology should be about 5–15% of the
total, the figure being lower in ultrasound-
guided lesions. Aspirates in this category
include those with insufficient thyroid epithelial
cells and those that cannot be interpreted
because of technical artifact. Specimens are
usually considered adequate when they contain
at least six groups of 10 to 20 cells each on slides
from two different passes [6]. This is especially
important when making a benign diagnosis.
A diagnosis of malignancy may be made with
fewer cells where the characteristic features are
pronounced (e.g. papillary carcinoma).

The aspirate from nodular goiter usually
shows abundant thin colloid, sometimes with a
“cracking” artifact. The follicular cells lie in
sheets, in follicles or singly. Foamy and hemo-
siderin-laden macrophages are usually present,
but their numbers will vary with the extent of
degeneration. This will be classified as Thy2.
Hyperplastic nodules may give rise to smears
resembling those from follicular neoplasms
(Thy3). Some would advocate that a benign
diagnosis should be made confidently only on
the basis of two aspirates, 3 to 6 months apart.
However, others would not recommend a repeat
if the first aspirate is adequate, the nodule is 
<20mm in diameter, and is not increasing in size.

The third category (Thy3) comprises mainly
follicular neoplasms. Follicular Hürthle cell

tumors are included in this group. It is not pos-
sible to make the distinction between benign
and malignant follicular tumors on cytology
alone, and all cases in this group require lobec-
tomy for definitive diagnosis. The majority of
these lesions are follicular adenomas, with 
up to 15% reported as follicular carcinomas.
These are cellular aspirates, comprising follicu-
lar or Hürthle cells arranged in microfollicles 
or three-dimensional groups, with little colloid
(Figure 9.1). Nuclear atypia may be seen, but 
is not important in defining the behavior of
the lesion, as atypical adenomas may show 
pleomorphism. There has been recent interest
in the application of immunohistochemical
markers for the preoperative diagnosis of fol-
licular carcinoma, particularly galectin-3. A
large European study suggested a positive pre-
dictive value of 92% and a diagnostic accuracy
of 99% for galectin-3 positivity in predicting
malignancy [7]. However, more recent investi-
gations have demonstrated focal expression 
of galectin-3 in follicular adenomas and in
nodular goiter and a number of follicular carci-
nomas have been reported as negative [8,9].
This might lead to erroneous diagnosis on
cytology preparations.

Oncocytic follicular lesions also fall into the
Thy3 category. Galectin 3 immunostaining has
been reported as less specific in assessing malig-
nant potential in oncocytic tumors [10]. Aspi-

Figure 9.1 Fine-needle aspirate of a follicular neoplasm.The fol-
licular epithelial cells are arranged in microfollicles and there is
almost no colloid. It is not possible to distinguish adenoma from
carcinoma on cytological examination. Histologically this was a
minimally invasive follicular carcinoma.
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rates from Hashimoto’s thyroiditis will also
contain oncocytes, but will also have a chronic
inflammatory cell population.

Smears from classical papillary carcinoma
are usually highly cellular, and may contain
branching papillary tissue fragments and cell
clusters. The tissue fragments often have a
regular outline and show nuclear palisading.
The nuclei are usually large and irregular and
have grooves and pseudoinclusions. Thick
colloid (chewing gum or ropy) is characteristic
and multinucleate giant cells and psammoma
bodies may also be found. Depending on how
marked the changes are, these smears will 
be Thy4 (suspicious for malignancy) or Thy5
(definite for malignancy).

Follicular variant of papillary carcinoma
(FVPC) may be recognized on cytology if the
nuclear changes are pronounced. The smears
show cells lying in sheets, cellular groups, or
microfollicles. Colloid is usually thin, with thick
“chewing gum” colloid less common than in 
the classic variant. The nuclei are elongated 
and show clearing of chromatin and thickening
of the nuclear membrane, but nuclear grooves
and inclusions are said to be less common 
than in the classic variant. The presence of
mulinucleate giant cells is a factor in favor of
the diagnosis of FVPC [11] and psammoma
bodies may occasionally be found. In the cases
where a confident diagnosis can be made,
these smears would be classified as Thy5.
However, where the nuclear features are not
prominent, the smear may be interpreted as a
follicular neoplasm (Thy3) or as Thy4 if there 
is some clearing of chromatin and a thick 
nuclear membrane. Distinction of microfollicu-
lar and macrofollicular variants has been
attempted [12]. Attempts have also been made
to identify tall cell [13] and columnar cell 
[14] variants on cytological examination. To
increase the overall sensitivity of detection of
papillary carcinoma on FNA, one group has
used reverse-transcription polymerase chain
reaction (RT-PCR) for the specific RET/PTC
gene rearrangements that characterize a subset
of these tumors and has identified tumor in
specimens deemed inadequate for standard
cytological assessment [15]. However, the
RET/PTC gene may be found in benign tumors
[16].

A cellular smear comprising small to inter-
mediate sized cells with frequent mitotic

figures, little colloid, and evidence of necrosis
raises the possibility of poorly differentiated
carcinoma. However, specific diagnosis requires
examination of the surgical specimen.

Anaplastic or undifferentiated carcinomas
are usually cellular and often show significant
pleomorphism and high mitotic activity. There
is often evidence of necrosis and polymor-
phonuclear leukocytes. Osteoclast-like giant
cells may be present.

Medullary carcinoma also gives a hyper-
cellular smear (Figure 9.2). The cells may be
polygonal or spindle-shaped and often have 
a plasmacytoid appearance. They tend to be
poorly cohesive.Amyloid is present in up to 70%
of cases. The diagnosis can be confirmed by
immunostaining for calcitonin. These cases will
be Thy4 or Thy5.

Thyroid lymphoma needs to be distinguished
from chronic thyroiditis and is usually charac-
terized on the immunophenotype of the 
lymphoid cells. This may be achieved by
immunostaining of cell blocks or cytospins or
by fluorescence activated cell sorting (FACS)
analysis.

Follicular Lesions
Following on a cytology diagnosis of follicular
lesion, the patient will undergo lobectomy. It is
then the role of the pathologist to distinguish
follicular carcinoma from follicular adenoma

Figure 9.2 Fine-needle aspirate of medullary carcinoma. The
cells are rather dys-cohesive. They have ovoid nuclei and a 
plasmacytoid appearance in places.
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and a dominant nodule in nodular goiter.
Frozen section should not be performed.

Nodular Goiter
This disease develops as the result of absolute or
relative deficiency of iodine intake. Goiter is
defined as endemic in areas where more than
10% of the population is affected and sporadic
when the incidence is less than that. Endemic
goiter occurs in areas of iodine deficiency.
Increased requirement for thyroid hormones,
individual dietary insufficiency of iodine, in-
gestion of goitrogens, and subclinical levels of
dyshormonogenesis may be important in the
pathogenesis of the sporadic form. The patho-
logical features are a combination of hyper-
plastic and involutional change and nodule
formation. The initial change is related to stim-
ulation of secretion of thyroid hormones by
pituitary thyroid-stimulating hormone (TSH)
in response to an increased demand for thyrox-
ine. This results in thyroid hyperplasia, with the
development of increased numbers of small fol-
licles with little storage of colloid. The follicular
cells are columnar and may show pleomor-
phism and mitotic activity. When the thyroid
hormone levels reach normal, the gland under-
goes a process of involution. The follicular cells
become flattened and there is accumulation 
of colloid within the follicles. Eventually,
after periods of stimulation and involution the
thyroid comprises a mixture of hyperplastic and
involutional change with areas of degeneration,
hemorrhage, and fibrosis. Some nodules may
appear larger – dominant nodules. These may
be nodules with extensive colloid accumulation
and degeneration that are easily recognized on
FNA, or hyperplastic nodules that histologically
resemble follicular neoplasms. Some may be
encapsulated. The question is whether to define
them as adenomas or as nodules. In the context
of overall nodularity, many pathologists would
use the term “adenomatoid nodule.” However,
molecular analysis has shown that up to 70% of
dominant nodules in nodular goiter are mono-
clonal, suggesting that they are neoplastic, while
the remainder show a polyclonal pattern [17].
The specific classification is not important, as
long as after appropriate examination there are
no features to indicate malignancy. Any nodules
within a goiter that have a thick capsule should
be processed as for a follicular neoplasm.

Follicular Adenoma

Follicular adenoma is the most common thyroid
tumor. It most often presents between 30 and 50
years of age with a female to male ratio of 20 : 1.
It is usually a single nodule, with an expansile
pattern of growth. Although they are described
as encapsulated, the extent of capsule formation
can vary. In some lesions there is a well-formed
fibrous capsule, although it is usually thin.
Sometimes, the normal thyroid follicles adja-
cent to the tumor undergo atrophy, and the
stroma condenses to form a pseudocapsule. In
some cases tumor cells can abut directly onto
normal thyroid parenchyma. However, even
where they are in close contact with the normal
follicles, an expansile pattern of growth is main-
tained, and they do not infiltrate between 
follicles. A thick capsule is more often seen 
in follicular carcinoma. Follicles may become
entrapped within the capsule in adenomas, but
there is no penetration through the capsule. In
order to make the diagnosis a proper assess-
ment of the interface between the tumor and the
normal gland is essential to rule out capsular or
vascular invasion. It is suggested that lesions 
<3 cm in diameter be processed in their entirety,
and that larger lesions should have 8 to 10
blocks processed [18,19].

Follicular adenomas show a range of histo-
logical appearances. In some a microfollicular
pattern predominates, while in others there 
are mainly large colloid-filled follicles. Some
tumors have a more solid or trabecular archi-
tecture.A mixed pattern may also be seen. These
are of no clinical relevance. Most comprise
small, fairly uniform cells with round nuclei 
and evenly dispersed chromatin. There may be
central degenerative change with hyalinization
or calcification, but these changes are more fre-
quent in hyperplastic nodules. Mitotic activity
is uncommon. In cases with marked nuclear
atypia or mitotic activity, great care should be
taken to rule out capsular or vascular invasion.
Tumors with these features, but no evidence 
of invasion, are referred to as atypical adeno-
mas. Most behave in a benign fashion. Areas 
of degeneration are often associated with
pseudopapillary architecture, not to be con-
fused with papillary carcinoma. There may also
be some focal clearing of nuclei and this may
cause the pathologist to consider a diagnosis of
FVPC. In most cases it should be possible to
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make the distinction. The characteristic promi-
nence of the nuclear membrane is not present,
and nuclear grooves and inclusions are not
usually seen. Immunostaining for cytokeratin
(CK) 19 may show focal positivity, in contrast to
the more widespread staining in FVPC. How-
ever, it should be noted that the threshold for
interpreting nuclear features as characteristic of
FVPC differs with individual pathologists.
Changes associated with FNA are discussed
below.

Rare variants include adenolipoma, where 
the tumor cells are interspersed with mature
adipose tissue. This probably represents 
adipose metaplasia. Clear cell and signet ring
cell tumors are also described. An origin 
from thyroid follicular cells can be confirmed 
by immunopositivity for thyroglobulin and
thyroid transcription factor-1 (TTF-1) [20], a
nuclear protein important in regulating the
transcription of the thyroglobulin gene. It 
is preferable to use non-biotin immunohisto-
chemical techniques as thyroid follicular cells
may contain significant amounts of endogenous
biotin, thus leading to false-positive staining.

Follicular Carcinoma
Follicular carcinoma accounts for 5–15% of all
thyroid cancers in iodine-sufficient areas. It is
more common in women and presents on
average about 10 years later than papillary 
carcinoma. It is usually a single “cold” nodule.
Occasional cases present as distant metastases,
particularly in bone. On the basis of the extent
of invasion, the tumor is subdivided into two
categories – minimally and widely invasive.
Minimally invasive tumors are more common.
These are diagnosed on the presence of micro-
scopic capsular and/or vascular invasion.
Widely invasive tumors can often be seen
infiltrating the normal gland by naked eye
examination. This diagnosis may also be applied
when extensive vascular invasion is identified at
microscopic level. It is important to make the
distinction between the two, as the outcome
varies significantly. The 10-year survival rate for
minimally invasive disease is 70–100% and for
the widely invasive type, 25–45% [21]. Tumor-
related deaths are more common in the widely
invasive group, reported in 20–50% of cases, but
in minimally invasive disease may only account
for 3% of deaths [19,22].

Grossly, minimally invasive follicular carci-
noma resembles follicular adenoma, although it
often has a thicker capsule. Diagnosis depends
on the identification of capsular (Figure 9.3)
and/or vascular (Figure 9.4) invasion on histo-
logical examination. There has been debate over
the years as to the definitions of these two fea-
tures. It is now generally accepted that tumor
cells must penetrate the entire thickness of the
capsule to diagnose capsular invasion. This is
usually associated with “blunt end” breaks in

Figure 9.3 Minimally invasive follicular carcinoma showing
capsular invasion. The tumor can be seen extending in mush-
room-like fashion through the fibrous capsule, which shows
“blunt ended” breaks. Compressed normal thyroid is seen to the
top left of the figure.

Figure 9.4 Minimally invasive follicular carcinoma showing vas-
cular invasion. Tumor is seen within an intracapsular vessel. It is
attached to the wall of the vessel in the lower part and is covered
by endothelium.
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the capsule and a “streaming” or mushroom
pattern of growth of tumor through the capsule.
This is in contrast to the entrapment of follicles
within the capsule of an adenoma where there
is no impression of an active process of cell
movement. It is important to realize that the
penetrating tumor mass often stimulates the
formation of a new capsule. This means that 
the tumor may have a dumbbell appearance,
or that there is the impression of subdivision 
of a follicular tumor by a fragmented fibrous
band.

These appearances can be extremely difficult
to interpret. Historically, some pathologists
argued that malignant potential could not be
diagnosed on the basis of capsular invasion
alone and defined these tumors as “follicular
neoplasms of undetermined malignant poten-
tial.” However, metastases have occurred in
tumors where only capsular invasion has been
identified.

Vascular invasion is diagnosed only when
tumor thrombi are attached to the wall of a
medium sized or large vessel, either within or
outside the capsule, and are covered by endothe-
lium. It should be noted that tumor cells and
vessels are often intermingled within the
capsule, and it can sometimes be difficult to
assess whether this is true invasion. It may be
necessary to use immunohistochemistry for an
endothelial marker such as CD31 or CD34 to
define this. Factor VIII-related antigen is not
generally useful, as it can be negative in vessels
invaded by tumor. An unusual feature that
might also be misinterpreted as invasion is
endothelial hyperplasia in capsular vessels.
However, if this is seen, it should prompt a
search for vascular invasion, as it has usually
been reported in carcinomas [23].

Immunohistochemistry has been applied in
an attempt to distinguish benign and malignant
lesions. Widespread strong positivity for
galectin-3 would support a malignant diagno-
sis, but more focal staining can be found in
benign follicular lesions and not all carcinomas
are positive [8,24]. HBME-1 also stains malig-
nant lesions more commonly than benign [25].
Ancillary techniques such as ploidy analysis
have no role in making the distinction between
adenoma and carcinoma.

Widely invasive tumors are usually easy to
define. Grossly, the tumor can be seen infiltrat-
ing the normal gland. Some have no evidence of

a capsule, while others have a capsule with
extensive capsular and vascular invasion.

Hürthle Cell (Oncocytic)
Follicular Tumors
Follicular tumors are defined as Hürthle cell
when more than 75% of the tumor cells are
oncocytic. Grossly, these are usually single
nodules with a deep brown cut surface. They
often undergo infarction following FNA, and it
has been suggested that this may be related to
their microvasculature, which is different from
other thyroid tumors. A higher proportion of
Hürthle cell tumors are malignant (35%) than
in follicular lesions.A variety of growth patterns
is seen in both benign and malignant tumors
including microfollicular, macrofollicular, tra-
becular, solid and pseudopapillary architecture.
Trabecular and solid architecture are more
common in Hürthle cell carcinomas. Nuclear
atypia and mitotic activity are not uncommon.
Some have suggested that where these features
are marked, they signify malignant potential,
but follow-up studies have refuted this. A cate-
gory of atypical Hürthle cell adenoma has been
proposed for such tumors or for those with
spontaneous infarction or necrosis. The diagno-
sis of malignancy should be made solely on 
the basis of capsular and/or vascular invasion.
Immunohistochemistry is not generally useful.
The tumors stain positively for thyroglobulin,
but the staining is usually weaker than in follic-
ular lesions. Positivity for TTF-1 is variable [26].
Galectin-3 has been reported to stain up to 60%
of carcinomas, but also gives positive staining of
some adenomas [27]. A recent study has sug-
gested that Hürthle cell carcinomas with a Ki-67
index >5% show a more aggressive pattern of
behavior [28].

Although the pathologist should approach
the diagnosis in the same manner as follicular
tumors, there is some evidence that the molec-
ular pathogenesis of Hürthle cell tumors differs
from that of follicular tumors [29,30]. This may
help explain the differences in behavior. Hürthle
cell tumors rarely take up radioiodine, and
lymph node and distant metastases are usually
thought to be more common than in follicular
carcinoma. However, one study has suggested
that when patients are stratified according to the
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extent of tumor invasion at the time of presen-
tation, there are no differences in outcome
between the two [31].

Histological Changes
Following Preoperative Fine-
Needle Aspiration Cytology
Alterations in histology caused by preoperative
FNA are increasingly recognized by patholo-
gists in surgical specimens. Some of these cause
problems in diagnosis. Sometimes, a needle
track is obvious, with hemorrhage, granulation
tissue, and hemosiderin-laden macrophages.
Cholesterol crystals may also be present. The
cells in the adjacent follicles may show some
enlargement and atypia. There may be distor-
tion or disruption of the capsule where the
needle has passed through. The capsular
changes may raise the question of invasion, par-
ticularly when there is active fibrogenesis asso-
ciated with follicles in the capsule. The pattern
is linear, however, in contrast to the “mushroom”
pattern of growth usually seen with true inva-
sion and the breaks in the capsule do not show
the characteristic blunt ends. Hemosiderin-
laden macrophages are common in the vicinity.
Several weeks to months after FNA small foci of
squamous metaplasia may be seen in the cap-
sular area. It is important not to interpret these
as squamous carcinoma. Spindle cell nodules
have also been described [32] and these should
not be confused with a dedifferentiated compo-
nent of the tumor.

Tumor infarction can also be seen, and
Hürthle cell tumors are particularly susceptible
to this change. In cases where the whole tumor
is infarcted, it can be difficult to make a diag-
nosis. Papillary endothelial hyperplasia has
been described in the center of aspirated
nodules. This may be related to thrombosis and
recanalization of vessels following FNA.

Papillary Carcinoma
When a definite diagnosis of papillary carci-
noma has been made on FNA, the surgeon may
proceed to total thyroidectomy with or without
lymph node dissection. In cases with a suspi-

cious FNA, preoperative core biopsy or intra-
operative frozen section may be used to confirm
the diagnosis.

Grossly, the tumor may range in size from less
than 1 mm to several centimeters. Most are
irregular in shape and infiltrate the gland. They
are often associated with scarring. Some are
encapsulated and others show cystic change.
The diagnosis depends to a great extent on 
the characteristic nuclear features (Figure 9.5).
These are nuclear enlargement and irregularity,
nuclear clearing (or ground glass appearance),
prominence of the nuclear membrane, grooves,
and pseudoinclusions. There is heaping up of
nuclei, with what has been described as a
“basket of eggs” appearance. Most show a
mixture of papillary and follicular structures
and trabecular and solid areas may be found.
Some show squamous metaplasia. This has no
implications for tumor behavior. It is important
not to confuse it with squamous carcinoma,
which has an aggressive course. Psammoma
bodies are often found. Indeed, they may be the
only intrathyroidal evidence of tumor in some
patients who present with nodal metastases and
in whom the primary tumor has regressed.
Multicentric tumors are common. Some of these
may represent intrathyroidal lymphatic spread,
but there is also evidence to suggest that some
may be multiple primary tumors in that indi-
vidual tumors within a gland showed different
RET/PTC translocations [33].

Figure 9.5 Papillary carcinoma of thyroid showing the typical
nuclear features. There is nuclear clearing and heaping up and
some cells show grooves and intranuclear pseudoinclusions.
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Follicular Variant of Papillary
Carcinoma
This is the next commonest variant to the classic
variant of papillary carcinoma. It is character-
ized by follicular architecture, but the cells
lining the follicles have the cytological features
of papillary carcinoma. Where a mixed pattern
of classic papillary and follicular architecture 
is present, the tumor should be classified as a
classic variant. Most of these tumors are not
encapsulated or have a poorly formed capsule.
Prominent fibrous bands may extend between
the tumor cells. The follicles are often of irreg-
ular shape with abortive attempts to produce
papillae. There may also be interconnections
between neighboring follicles [34]. The pres-
ence of multinucleate cells within the lumen of
the follicles is another clue to diagnosis. These
have a histiocytic phenotype [35]. Where these
features are pronounced and present through-
out the tumor, the diagnosis can be easy.
However, in some tumors, the changes are more
focal in distribution and distinction has to be
made from follicular tumors or hyperplastic
nodules. This can be difficult. A panel of anti-
bodies has been proposed. These include cytok-
eratin 19 (CK19) (Figure 9.6), HBME-1, and
RET. In a series of 84 cases of papillary carci-
noma, 57% were positive for CK19, 45% for
HBME-1, and 63% for RET protein. Only seven
cases were negative with all three proteins [36].

Strong diffuse staining for cytokeratin 19 is
usually seen in the areas with nuclear changes,
with weaker staining in the rest of the tumor.
This contrasts with the focal reactivity that can
be seen in follicular tumors. Papillary carcino-
mas are often positive for galectin-3 (Figure 9.7)
[37,38]. Immunostaining with the antibodies 
to RET protein is an alternative approach, but
there are no robust antibodies currently avail-
able commercially. In a few cases, it is extremely
difficult to be sure of the diagnosis, and even
endocrine pathologists will disagree as to how
to categorize the lesion. It may be appropriate to
say that the diagnosis of FVPC cannot be fully
excluded. The development of multidisciplinary
teams will allow discussion of how to proceed in
these cases.

There are a number of patterns of growth of
FVPC within the gland and it is important to
recognize these as the behavior may differ.
About 30% are encapsulated and have a good
prognosis. Some tumors invade widely – the
diffuse type [39]. These form multiple nodules
throughout the gland and are commonly asso-
ciated with lymph node and distant metastases
Another group is the macrofollicular variant
[40]. On low power, foci of tumor resemble
hyperplastic nodules and the differential diag-
nosis may include macrofollicular adenoma or
nodular goiter. The recognition of the nuclear
features is important in making these distinc-

Figure 9.6 A follicular area in a papillary carcinoma of thyroid
showing positivity for cytokeratin 19.

Figure 9.7 A follicular variant of papillary carcinoma showing
widespread positivity for galectin-3. The follicles contain multi-
nucleated histiocytic giant cells, which are associated with 
papillary carcinoma.



The Role of the Pathologist 103

tions. This tumor has a low rate of lymph node
metastases.

Other Variants of Papillary
Carcinoma
An oncocytic variant is recognized [41] and 
the “Warthin-like” tumor is an oncocytic 
tumor with an extensive chronic inflammatory
infiltrate [42] that resembles the tumor of the
salivary gland. Clear cells may be admixed 
with oncocytic cells in some lesions, or may
predominate. Immunopositivity for thyroid
transcription factor 1 (TTF-1) [19] and thy-
roglobulin will confirm them as of thyroid
origin. These patterns have no behavioral
significance.

The diffuse sclerosing variant occurs in
young people and shows multiple foci of tumor
within lymphatics with marked squamous
metaplasia, stromal fibrosis, prominent psam-
moma bodies, and a lymphocytic infiltrate
[43,44]. Lymph node metastases are common
and lung metastases are present in about a
quarter of patients at presentation. The rare tall
cell variant [45] occurs in older patients, usually
men, and is often a large tumor with extrathy-
roidal extension and an aggressive course. The
cells are oncocytic and are two to three times as
tall as they are wide and the nuclei show marked
grooves and pseudoinclusions. Columnar cell
variant [46] is also rare and comprises pseudos-
tratified columnar cells, some with sub- and
supranuclear vacuoles. In general these also
have a more aggressive course, unless they are
encapsulated and confined to the thyroid
[47,48]. Combined forms of these two have been
described [49].

Solid variants have been more commonly
described in the childhood tumors following 
on Chernobyl and may be associated with the
RET/PTC3 translocation and a short latent
period before development [50]. A cribriform
pattern is associated with familial adenomatous
polyposis (FAP) or Gardner syndrome, usually
in young females, but is occasionally seen 
in sporadic tumors. Papillary carcinoma with
fasciitis-like stroma has no behavioral signi-
ficance. In the very rare combined papillary and
squamous carcinoma, the latter component 

has an aggressive course. It is important to dis-
tinguish this from the squamous metaplasia
seen in some papillary carcinomas, as discussed
above.

Papillary Microcarcinoma
This is a term that should be applied only to
papillary carcinomas measuring <10 mm in
maximum dimension found incidentally in a
thyroid examined for other reasons. They are
found in about 30% of thyroids sampled by step
section at autopsy and in up to 24% of thyroids
removed for other reasons. Most are probably of
no clinical significance. The debate continues
therefore as to how to deal with these lesions.
Many would advise that, if there is no evidence
of disease in the other lobe, they are of little risk,
and should be defined as “microtumors” rather
than “microcarcinomas” [51], with no need for
further treatment. However, lesions of this size
that present clinically, or are associated with
metastases, should be treated in the same way as
larger lesions.

Medullary Carcinoma
Medullary carcinoma (MTC) accounts for
5–10% of thyroid cancer and about one quarter
are familial, in the context of multiple endocrine
neoplasia type 2A and 2B and familial MTC.
Sporadic tumors are usually single, while famil-
ial disease is multiple and bilateral and arises on
a background of C-cell hyperplasia.

A variety of histological patterns can be seen
and these are similar in both sporadic and
familial disease. The most common is the alve-
olar and trabecular arrangement. The cells are
polygonal or spindle-shaped with regular nuclei
and coarse chromatin. They sometimes have 
a plasmacytoid appearance. There may be a
prominent stromal component and amyloid is
present in about 80% of cases. This can be
demonstrated by Congo red or Sirius red stains
and apple green birefringence on polarized
light. The neuroendocrine nature of the tumor
can be confirmed by immunopositivity for 
the general neuroendocrine markers synapto-
physin and chromogranin A. There is specific
positivity for calcitonin, although the extent and
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intensity of staining varies in individual tumors.
Initial evidence that the proportion of cells
staining for calcitonin had prognostic value [52]
has not been substantiated in recent studies. In
less well-differentiated tumors, where calcitonin
immunoreactivity is lost, positivity for carci-
noembryonic antigen (CEA) may serve as a 
surrogate marker [53].

Lymphatic invasion is common and around
half of the patients have nodal metastases at
time of presentation. Up to 15% may have
distant metastases. A number of variants are
described, but these do not have prognostic 
relevance.

Medullary carcinomas not infrequently
contain scattered follicular structures. Some of
these are formed by tumor cells, while others
may represent entrapped normal follicles.
Rarely, the predominant pattern is follicular.
Immunostaining will show positivity for calci-
tonin within the cells in the follicular structures
if they are tumor cells, with negative staining for
thyroglobulin. In contrast, normal follicles can
be identified by positivity for thyroglobulin.

C-Cell Hyperplasia
Familial disease develops on a background of
C-cell hyperplasia [54,55]. This can be seen in
the thyroid tissue surrounding medullary car-
cinoma and in thyroid glands removed from
family members at risk of the disease. C cells
naturally occur in the upper two-thirds of the
thyroid lobes and this is what the pathologist
must sample to look for it. Some would refer 
to this type of hyperplasia as medullary carci-
noma in situ. The C cells are greatly increased
in number and show atypia. They may obliter-
ate follicular spaces. In cases of sporadic tumor
an attempt should be made to look for C cells
where possible, to identify a potential familial
case. However, this is now less important with
the advent of genetic testing for mutations in the
RET gene.

Reactive C-cell hyperplasia has been reported
in a number of situations, including hyper-
parathyroidism, adjacent to follicular tumors
and in hypergastrinemia. The exact definition is
unclear, but more than 50 C cells per low power
field (¥100) in the normal C-cell areas is a cri-
terion used by some. In contrast to the neoplas-
tic type, the C cells are of normal appearance.

Mixed Follicular or Papillary
and Medullary Carcinoma
This is a rare group of tumors in which there is
evidence of both follicular and C-cell differenti-
ation. They have been referred to as mixed,
composite, or intermediate tumors. In some,
the tumor cells show immunopositivity for 
both calcitonin and thyroglobulin [56], while in
others there seem to be two individual popula-
tions. It has been suggested that they may arise
from stem cells of the ultimobranchial body,
or alternatively that they represent collision
tumors. The latter explanation would be a pos-
sibility where two individual tumor components
are identified (composite tumors) and recent
molecular studies lend support to this concept
[57]. However, this theory does not adequately
explain the expression of calcitonin and thy-
roglobulin in the same tumor cell.

Hyalinizing Trabecular Tumor
This is a rare tumor that was first defined by
Carney as hyalinizing trabecular adenoma [58]
although it had been described earlier. The clin-
ical behavior of the original series was benign,
thus the term adenoma. However, more recent
reports suggest that there is a malignant coun-
terpart and these lesions are now defined as
hyalinizing trabecular tumors, and the behavior
is defined on the basis of capsular and vascular
invasion. It is an encapsulated lesion derived
from follicular cells comprising trabeculae of
elongated cells around vascular channels, sur-
rounded by matrix. The matrix may be hyalin-
ized or may show calcification. The nuclei 
are elongated and show nuclear grooves and
inclusions. Psammoma bodies may be present.
Yellow intracytoplasmic inclusions have been
described. These contain lipid, glycosaminogly-
can, and proteoglycan and are consistent with
giant lysosomes. They are present in most
hyalinizing trabecular tumors, but are not
specific as they may occasionally be found in
follicular adenomas. Similar foci can be seen in
some follicular adenomas and hyperplastic
nodules.

Their histogenesis has been unclear. The
overall arrangement of the cells resembles
medullary carcinoma and paraganglioma and
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the lesion has also been defined as “paragan-
glioma-like adenoma of thyroid (PLAT).”
However, none express calcitonin and all show
immunopositivity for thyroglobulin, implying
an origin from follicular cells. Focal positivity
for general neuroendocrine markers has been
described in a minority, raising the possibility
of dual differentiation. The relationship to pap-
illary carcinoma has been most widely debated.
The nuclear features resemble those of papillary
carcinoma and psammoma bodies are some-
times present. Papillary carcinomas can be
found in the thyroid gland in about one third of
cases of hyalinizing trabecular tumor and both
appearances may coexist within the same
nodule. Immunohistochemical data are incon-
sistent. Some have reported positivity for CK19
while others have found them negative. Recent
studies have shown RET/PTC arrangements in
some of these lesions, suggesting that they are a
variant of papillary carcinoma [57,59]. However,
not all cases show these changes and they may
represent a spectrum of tumors.

Other Tumors
Thyroid lymphomas are usually extranodal 
B-cell lymphoma arising on a background 
of Hashimoto’s thyroiditis. These should be
diagnosed in conjunction with a specialist
hematopathologist.

Occasional lesions arise from the stromal com-
ponent including angiosarcoma and smooth
muscle tumors. Metastases to the thyroid are
infrequent in clinical practice, although they
may be found at autopsy in about 25% of
patients with carcinomatosis. Kidney is the
most common primary site in clinical practice,
followed by lung and uterus.

Conclusion
Molecular analysis is now clarifying the path-
ways in the development of the various types of
thyroid tumor [60]. Interestingly, unlike other
solid tumors, translocations occur in both fol-
licular tumors and papillary carcinoma. Follic-
ular carcinoma shows a PAX8-PPARg fusion
[61], while papillary carcinoma has a range of
RET [62] and TRK rearrangements. Mutations
in BRAF characterize a subset of papillary car-

cinoma without RET translocation [63,64]. RAS
mutations have been reported in follicular
tumors and more recently in papillary. A recent
study suggests some links with aggressive
behavior [65]. However, these findings are not
yet translating into useful diagnostic tests,
although this will almost certainly change in the
next few years. The mainstay of pathological
diagnosis remains the histological examination
of adequately sampled tissue with appropriate
immunohistochemistry.
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The long-term outcome of treatment for papil-
lary and follicular thyroid cancer is generally
good: the overall 10-year survival for adult
patients with differentiated thyroid carcinoma
is 80–90%. However, local or regional recur-
rences develop in up to 30% of patients, distant
metastases in up to 20%, and 8–10% of
patients die of their disease [1,2]. Thyroid 
cancer patients thus require a very long-term
follow-up.

Adequacy of surgical treatment and 131I abla-
tion apparently have an important influence on
the long-term outcome [1,3,4]. Nevertheless,
audits on existing clinical practices identified
several shortcomings from what might be 
considered optimum management of thyroid
cancer [5–7]. In one particular study, adequacy
of surgery was considered deficient in 20%, ade-
quacy of T4 suppression in 22%, monitoring by
serum thyroglobulin in 15%, and use of 131I
therapy in 12% [7]. Deficiencies were observed
more often where patients were seen by a
number of generalists (probably related to poor
communications between disciplines) as com-
pared to patients seen in multidisciplinary 
specialist clinics. This is not too surprising 
as thyroid cancer, although being the most
common of all malignant endocrine tumours, is
quite rare. Thus the experience of individual
physicians with thyroid cancer is limited if they
do not work in specialized centers. These issues
have led to several specific recommendations.
For instance, that thyroid malignancy “will only
be managed effectively by multidisciplinary

teams in units familiar with the condition,” and
that designated specialists work together in
multidisciplinary teams and that “decisions
regarding diagnosis, treatment and care of
individual patients . . . are multidisciplinary
decisions” [8].

Bringing together the expertise available in
various disciplines provides added value, and
institution of multidisciplinary teams is likely to
improve the outcome of the illness. Specialists
involved in the management of thyroid cancer
are usually the internist-endocrinologist, the
pathologist, the surgeon, and the nuclear medi-
cine physician; in addition, consultations might
be needed from the ear-nose-throat physician,
the radiologist, or the oncologist. The more
people and disciplines are involved in the 
multidisciplinary team, the greater the need for
a coordinating person. Although the multidisci-
plinary team has a shared responsibility for the
management plan, this is not to say that there is
no need for the patient to have a single doctor
who is primarily responsible for his health and
charged with the continuous delivery of care
during the long-term follow-up. In my experi-
ence the patient appreciates the group effort and
deliberations in the multidisciplinary team, but
still likes to have his own doctor who is directly
accountable for his overall treatment. It is prob-
ably optimal if the coordinator of the multi-
disciplinary team and the doctor primarily in
charge of the patient is one and the same
person. Which person is the most appropriate
one for this role will depend heavily on the local
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situation. However, it appears that the internist-
endocrinologist is most suited for this role in
view of his continuing relationship with the
patient during all stages of the disease. It is
against this background that the present chapter
is written: the role of the endocrinologist as the
patient’s own doctor who is responsible for con-
tinuity in the care and as the coordinator of
treatments given by other care providers.

Role of the Endocrinologist in
the Presurgical (Diagnostic)
Phase of Thyroid Cancer
The presenting symptom of thyroid cancer is
usually a visible and/or palpable thyroid nodule.
The patient will be referred to an internist-
endocrinologist or surgeon to rule out malig-
nancy. The main tasks of the physician in this
diagnostic phase are outlined in (Table 10.1)
and described below.

Evaluation of Clinical Risk Factors
for Thyroid Cancer
The history and physical examination of the
patient may give important clues with regard to
the nature of a thyroid nodule. Features sug-
gesting malignancy are external neck irradia-
tion during childhood, family history of thyroid
cancer, male sex, age <25 years or >60 years,
hoarseness, dysphagia, rapid increase of nodule
size over weeks or months, nodules that are firm
in consistency and irregular or attached to sur-
rounding tissues, and palpable neck lymph
nodes. If there is a very high clinical suspicion
of thyroid cancer, one may already conclude that
thyroid surgery is necessary irrespective of the
fine-needle aspiration cytology (FNAC) results
[9].

A family history of benign thyroid disease
will decrease and a family history of thyroid
cancer will increase the suspicion of malig-
nancy. Medullary thyroid cancer in the family
will of course require measurement of serum
calcitonin and DNA mutation analysis in the
patient. Routine measurement of serum calci-
tonin in every patient with a thyroid nodule has
been advocated as it detects about one case of
medullary thyroid cancer in every 200 thyroid
nodules [10,11]. The cost-effectiveness of this
approach is, however, debated. A careful family
history is furthermore important to discover
rare syndromes associated with papillary or fol-
licular thyroid cancer, which may have conse-
quences for the patient and his family (Table
10.2). Familial clustering of differentiated
thyroid cancer may not be as exotic as previ-
ously thought: it accounts for approximately
5–10% of all papillary and follicular thyroid car-
cinomas [12]. A study among first degree rela-
tives of cases (unselected nonmedullary thyroid
cancer patients) and controls reports that the
relative risk for thyroid cancer is 10-fold higher
in relatives of cancer patients than in controls
(incidence rate ratio 10.3, 95% CI 2.2–47.6), and
the incidence of any type of cancer is 38%
higher in thyroid cancer relatives than in
control relatives [13].

The workup of the patient with a thyroid
nodule should also include measurement of
serum thyroid-stimulating hormone (TSH).
Virtually all patients with thyroid cancer have a
normal serum TSH and are euthyroid, although
thyrotoxicosis resulting from a very large 
tumor load of thyroid cancer can occur. The pre-
sence of a suppressed TSH qualifies for thyroid
scintigraphy. Thyroid nodules in patients with
Graves’ disease are more likely to be malignant
than nodules in euthyroid patients [14]. In
patients with Hashimoto’s thyroiditis the risk of
malignancy in thyroid nodules is not increased,
but the rare thyroid lymphoma almost always
develops against the background of chronic
lymphocytic thyroiditis [15].

Evaluation of the FNAC Results
Fine-needle aspiration cytology is presently the
most accurate test for determining the nature of
the thyroid nodule. Its sensitivity and specifi-
city for the diagnosis of thyroid cancer ap-
proximates 95%. However, the procedure is not

Table 10.1 Role of the endocrinologist in the presurgical
(diagnostic) phase of thyroid cancer

1. Evaluation of clinical risk factors (including family
history) for thyroid cancer

2. Evaluation of FNAC results
3. Outline of the management plan, in consultation

with the multidisciplinary team and the patient
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without pitfalls. It is the task of the treating 
clinician/endocrinologist to check the adequacy
and representativeness of the FNAC.

The report of the pathologist evaluating the
FNAC should be written in a way that is mean-
ingful to the clinician: that is, the clinician 
must be able to judge from the report if the
obtained sample allows an accurate cytological
diagnosis (in other words there must be 
adequate cellularity) and in which diagnostic
category the sample falls. Preferably the FNAC
report should end with one of the four follow-
ing conclusions:

1. Inadequate cytology. The clinician then
knows the FNAC has to be repeated, possi-
bly under guidance of ultrasound. Quanti-
tative criteria are helpful to judge the
adequacy of the sample.

2. Benign cytology. Unless there is a com-
pelling reason to still suspect thyroid
cancer, the patient can be reassured. But 
it is up to the endocrinologist to decide
whether or not a repeat FNAC after 6–12
months is in order in view of the few false-
negative FNAC results [16]. After having
ruled out malignancy, the patient still is in
the possession of a lump in the neck and
may ask that something is done in view 
of cosmetic or mechanic complaints. To

answer questions on the natural history
and to advise on the most appropriate
treatment, if any, suits the endocrinologist
very well.

3. Suspicious cytology. FNAC can not dis-
criminate between follicular adenomas
and follicular carcinomas, and a diagnos-
tic (hemi)thyroidectomy is indicated. The
multidisciplinary team may decide to
study the usefulness in their institution of
new molecular markers in cytological
specimens allowing better discrimination
between benign and malignant follicular
lesions.

4. Malignant cytology. Thyroidectomy is
indicated.

Description of the adequacy of the obtained
sample and classification in one of the four
above-mentioned categories renders the FNAC
report a valid one. However, it does not answer
the question whether or not the cytological
aspirate is representative for the nodule. Per-
forming multiple aspirates in the same session
will increase the likelihood of a representative
sample. Ideally the FNAC report should also
mention how many aspirates were done and in
which lesion the needle was located. Especially
in mixed cystic/solid nodules the position of the
needle can be critical, as the cancer may reside

Table 10.2 Familial syndromes associated with thyroid cancer

Familial syndrome Thyroid cancer Other manifestations Gene/chromosomal location

MEN2A MTC Pheochromocytoma RET/10q11.2
Hyperparathyroidism

MEN2B MTC Pheochromocytoma RET/10q11.2
Mucosal neuromas

Familial MTC MTC None RET/10q.11.2
Familial PTC PTC None Unknown
Familal PTC PTC Renal cell carcinoma Unknown/1q21
Familial polyposis coli PTC Intestinal polyps APC/5q21
Gardner syndrome PTC Intestinal polyps APC/5q21

Osteomas, fibromas, lipomas
Cowden syndrome FTC Multiple hamartomas PTEN/10q22.23

Breast tumors
Carney syndrome FTC Spotty skin pigmentation Unknown, PRKARIA

Myxoma, schwannoma 2p16,17q23
Pigmented adrenal nodules
Pituitary adenomas
Testicular endocrine tumors

MEN, multiple endocrine neoplasia; MTC, medullary thyroid carcinoma; PTC, papillary thyroid carcinoma; FTC, follicular thyroid carcinoma.
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in a particular area of the wall of the lesion, only
visible during ultrasound. Indeed centers may
decide to perform FNAC routinely under echo-
graphic guidance, because this procedure
increases the diagnostic accuracy of FNAC [17].
The problem of obtaining a representative
sample can be even greater in multinodular
goiter. The current recommendation is to do
FNAC of only the dominant (largest) nodule.
Indeed thyroid cancer in multinodular goiter is
most often unifocal (61%) and present in the
dominant nodule (71%). However, 29% of
thyroid malignancies arise in the nondominant
nodule and thus would be missed with the
current strategy [18].

Outline of the Management Plan
Based on the clinical evaluation and the FNAC
report a management plan should be designed,
preferably by the multidisciplinary team and in
consultation with the patient. In most cases
thyroid surgery is the first procedure in the
treatment plan, for diagnostic reasons in case of
follicular lesions and otherwise for removal of
tumor. The presence of the nuclear medicine
physician in the team at this stage is helpful for
logistic reasons to plan future 131I ablative
therapy. The extent of the thyroidectomy, and
whether or not lymph node dissection should be
done, should be discussed. The decision to
operate may not be straightforward with papil-
lary microcarcinomas (£1 cm in diameter),
especially when the nodule is not palpable and
incidentally detected by ultrasonography. One
study found that during a mean follow-up of 46
months the size of the microcarcinoma did not
change in 65%, increased by ≥2 mm in 25% and
decreased by ≥2 mm in 10% [19]. In such cases
a common policy supported by all members of
the team can avoid confusion.

Role of the Endocrinologist in
the Postsurgical Phase Prior
to 131I Ablation
The role of the endocrinologist in this phase is
outlined in (Table 10.3).

Management Plan for Postoperative
Complications
Direct postoperative complications are mostly
managed by the surgeon. Shortness of breath or
stridor may indicate neck hematoma, bilateral
recurrent laryngeal nerve injury, or vocal cord
edema; it requires immediate investigation and
appropriate treatment. Laryngeal nerve injury is
rare but not completely avoidable, occurring in
about 2% of cases; it may resolve spontaneously
within a few weeks; its sequelae in persistent
cases can be lessened by speech rehabilitation
therapy. The ear-nose-throat physician should
be involved in such cases.

Serum calcium and albumin should be rou-
tinely measured, for example 5 h and 24 h after
surgery. Postoperative hypocalcemia occurs in
about 30% depending on the extent of surgery
and the experience of the surgeon. Asympto-
matic moderate hypocalcemia can be observed,
but symptomatic hypocalcemia should be
treated with calcium supplementation either
orally (1–2 g every 4 to 8 h) or intravenously 
(20 ml of 10% calcium gluconate, diluted in
saline or glucose, over 10 minutes). Postopera-
tive hypoparathyroidism may be due to
ischemic parathyroid damage; it usually reverts
to normal in about 6 weeks. Hypoparathy-
roidism after parathyroid autotransplantation is
not infrequent; it also resolves mostly in a few
months, but may require temporary treatment
with calcium and vitamin D derivatives. Perma-
nent hypoparathyroidism due to ablation or
necrosis of parathyroid glands occurs in about
2%, and requires administration of calcium salts
(1–2 g daily as calcium carbonate, gluconate,
citrate, or lactate) and vitamin D derivatives
(usually 0.5–1.0mg of calcitriol or 1–2mg of alfa-
calcidol daily). At the start of treatment weekly
measurement of serum and urinary calcium
and phosphate is indicated, especially to avoid

Table 10.3 Role of the endocrinologist in the postsurgical
phase prior to 131I ablation

1. Management plan for postoperative complications
2. Evaluation of prognosis according to TNM or other

classification systems
3. Preparation for ablative 131I therapy
4. DNA mutation analysis in patient and family

members if indicated
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overtreatment and significant hypercalciuria.
Once the right dose has been obtained, controls
every 6 months or so suffices. Requirements
usually remain stable with time, but reduction
of the extracellular volume (e.g. by acute diar-
rhea or the use of diuretics) increases the risk of
hypercalcemia. The long-term surveillance of
calcium metabolism is mostly done by the
endocrinologist.

Evaluation of Prognosis According to
TNM or Other Classification Systems
Prognostic factors associated with poor survival
are older age, male sex, family history, histology
(particular variants of papillary and follicular
cancers, capsular invasion), large tumor size,
and lymph node and distant metastases. Multi-
variate analysis reveals three independent prog-
nostic factors: age, histological type, and tumor
extent. The preoperative evaluation, the findings
during surgery and the pathology of the sur-
gical specimen will usually allow correct
classification of the cancer in a prognostic
scoring system in the immediate direct post-
operative period. Several prognostic scores 
have been developed for use in thyroid cancer.
The multidisciplinary term should decide 
which scoring system is to be used in their 
institution. Which score is selected will depend
more on local preference than on superiority 
of one score over the others: predictability of
patient outcome is very similar for different
staging systems (including TNM, EORTC, ASES,
AMES, and MACIS scores) in comparison
studies [20,21]. Whatever system is used, it is
very important in planning further manage-
ment (e.g. 131I therapy) and subsequent follow-
up (e.g. extent of TSH suppression). The
prognostic score also facilitates informing the
patient on the most likely outcome of his
disease.

Preparation for Ablative 131I Therapy
The multidisciplinary team has to decide
whether or not ablative 131I therapy will be
given, and if so, at which time. If there is only a
low risk of cancer-specific mortality and a low
risk of relapse according to the prognostic
score, there may be no indication. However,

ablative 131I therapy may still be favored in that
it improves the diagnostic accuracy of serum
thyroglobulin and 131I total body scan for
remaining tumor tissue after total ablation 
of the thyroid gland [22]. The internist-
endocrinologist can play an important role in
the preparation for 131I treatment. For the
efficacy of 131I ablation depends on how much of
the administered 131I dose is taken up by re-
maining thyroid tissue, which is greatly stimu-
lated by high serum TSH and low serum
inorganic iodide concentrations. The endocri-
nologist should see to it that at the time of 131I
ablation the serum TSH is elevated (arbitrarily
up to at least 25–30 mU/L) and the serum iodide
is definitely not high but preferably low. After
(near) total thyroidectomy simply withholding
T4 treatment will ensure high TSH levels after
4–6 weeks, the usual time for 131I ablation. If for
any reason the interval between surgery and
planned 131I treatment is longer, it is prudent to
start T4 treatment in order to avoid severe
hypothyroidism in the patient. In such cases,
T4 treatment should be discontinued 4 weeks
before the planned 131I therapy. Alternatively,
after discontinuation of T4 treatment one may
administer T3 for 3 weeks (25mg daily in week 1,
2 ¥ 25mg daily in week 2, 3 ¥ 25mg daily in week
3), then stop T3 for 2 weeks and administer the
therapeutic dose of 131I in week 6. The advantage
of this alternative scheme is that the patient 
may suffer less from hypothyroid symptoms
and signs. A recent study, however, questions 
the benefits from using T3 in preparing patients
for 131I therapy [23]. Serum TSH concentrations
of more than 30 mU/L were reached 18 days
after thyroidectomy and 22 days after with-
drawal of suppressive thyroxine treatment in
more than 95% of patients, with minimal symp-
toms of hypothyroidism. These authors recom-
mend serum TSH measurements twice weekly,
starting 10 days after thyroidectomy or T4

withdrawal.
With regard to iodine intake, patients are

usually instructed to avoid iodine-containing
medications and iodine-rich foods for 10 days
prior to 131I therapy. The value of a stringent low
iodine diet has been questioned as similar abla-
tion rates were observed in patients on a low
iodine diet and on a regular diet [24]. However,
a recent study reports a significantly higher suc-
cessful ablation rate after a low iodine diet than
in controls (65% versus 48%) [25]. A 2-week low
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iodine diet will also induce iodine deficiency 
in patients who continue their levothyroxine
medication [26].

The patient should be informed of possible
damage of 131I therapy to radiation-sensitive
tissues. Usually this is done by the nuclear 
medicine physician, but the endocrinologist
may play a role as well. Many patients in their
reproductive years are concerned with gonadal
damage. The standard advice is to refrain from
pregnancy and not father a child during the first
4 to 6 months after 131I therapy. About 20–30%
of women experience transient amenorrhea or
menstrual irregularities in the first year after
treatment [27,28]. Apart from a greater miscar-
riage rate in the first year 131I therapy seems to
have no effect on fertility or the outcome of sub-
sequent pregnancies, but menopause occurs on
average 1.5 year earlier [29]. In men, spermato-
genesis can be transiently suppressed associated
with a rise of serum FSH, related to the total
amount of 131I [30]. The risk of permanent male
infertility is very low; in men likely to receive a
cumulative dose of >17 GBq sperm banking may
be considered.

DNA Mutation Analysis
About 25% of medullary thyroid carcinomas are
hereditary, and it is important to recognize the
heritable form because of the risk of other
tumors in the patient and in the family. Lack 
of family history does not exclude heritable
medullary thyroid cancer: the disease may not
be apparent in relatives because of skipped gen-
erations or an isolated case may be the start 
of a new family. Consequently, every case of
medullary thyroid carcinoma should be offered
genetic testing to look for genomic mutations in
the RET proto-oncogene. Particular mutations
in the RET proto-oncogene have been linked
with a particularly good or bad prognosis [31].
However, before DNA mutation analysis is done,
a clear explanation should be given about the
nature of the test and the possible implications
of a positive or negative test result for the
patient and the family. The postoperative period
might be the appropriate time to start such dis-
cussions, and it is up to the endocrinologist of
the team to conduct investigation of family
members if the index patient has the genomic
mutation.

Role of the Endocrinologist 
in the Postsurgical
Postablative Stage
The role of the endocrinologist in this phase is
outlined in Table 10.4.

Administration of TSH-Suppressive
Doses of L-Thyroxine
After thyroidectomy and 131I ablation there is a
need for life-long T4 replacement therapy. In
patients with nonmedullary thyroid cancer the
prescribed daily T4 dose is usually higher than
the replacement dose in order to reach suppres-
sion and not just normalization of serum TSH
values. For a number of studies have shown that
TSH suppression is associated with a longer
disease-free interval [4]. A French study reports
a longer relapse-free survival in patients with
constantly suppressed TSH (all values £0.05mU/
L) than in patients with nonsuppressed TSH (all
values ≥1 mU/L); the degree of TSH suppression
predicted relapse-free survival independently of
other factors [32]. In a US cooperative study the
degree of TSH suppression was an independent
predictor of disease progression in high risk
patients with papillary carcinoma, but not in
low risk patients or when radioiodine treatment
was included in the model [3]. A Finnish study
reports that a nonsuppressed TSH is an inde-
pendent predictor for recurrence in multivari-
ate analysis [33]. A study from Taiwan suggests
stratification: TSH should be suppressed in
patients with active disease, but might be kept
within the normal range in patients who are
clinically disease free [34].

The question thus arises which degree of TSH
suppression is most appropriate (<0.4, <0.1 or

Table 10.4 Role of the endocrinologist in the postsurgical
postablative phase

1. Administration of TSH-suppressive doses of 
L-thyroxine

2. Long-term follow-up with search for residual
thyroid cancer at regular intervals

3. Management plan for recurrent or metastatic
thyroid cancer

4. Attention to quality of life
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<0.01mU/L?) and for how long should TSH sup-
pression be maintained.This should be discussed
in the multidisciplinary team. The endocrinolo-
gist seems best suited to monitor the required
TSH level by adjusting the daily T4 dose. A 
suppressed TSH effectively means induction of
subclinical hyperthyroidism, a condition with
potential adverse side effects notably on the heart
and the bones. It also befits the endocrinologist
to evaluate these risks in the individual patient
and to take preventive measures if indicated.

There is no doubt that subclinical hyperthy-
roidism increases the risk of atrial fibrillation
[35]. Careful investigations, however, have also
shown subtle cardiac dysfunction in these
patients as evident from an increased left 
ventricular mass, impaired ventricular relax-
ation, and reduced exercise performance [36].
The long-term consequences of this cardiac 
dysfunction are unknown, but b-blockade
improves cardiac function [36,37]. If there is a
clear indication for marked TSH suppression, it
may be prudent to prescribe b-blockers. This
may be especially worthwhile if the patient does
not tolerate the high doses of thyroxine.

Subclinical hyperthyroidism is also associ-
ated with high bone turnover [38], and may
induce bone loss according to meta-analyses,
especially in postmenopausal women [39,40]. It
has not been demonstrated that this results in a
higher fracture rate [41], but again it seems
prudent that the endocrinologist monitors the
risk in individual patients (by taking a history
with respect to the well-known risk factors for
osteoporosis, and performing bone densimetry
in selected cases) and takes appropriate action
in high risk patients (ensuring sufficient
calcium intake, and considering supplementa-
tion with vitamin D).

Long-Term Follow-up with Search
for Residual Thyroid Cancer at
Regular Intervals
In view of the long natural history of the disease,
thyroid cancer patients require life-long follow-
up. For medullary thyroid cancer, serum calci-
tonin and CEA can be used as tumor markers; a
progressive rise in their serum concentrations
will demand imaging studies, but otherwise
appropriate time intervals for follow-up visits
are 6–12 months.

For papillary and follicular thyroid carci-
noma, the long-term follow-up is important in
view of (a) late recurrences which can be suc-
cessfully treated, (b) monitoring of the conse-
quences of suppressed TSH, and (c) evaluation
of late side effects of 131I such as leukemia or
second tumours, although fortunately these are
very rare. Most important is the measurement of
serum thyroglobulin (Tg) as a tumor marker,
but for a valid interpretation of the Tg test
results the endocrinologist should make sure
TgAbs are absent in the sample under investi-
gation; close collaboration with the clinical
chemistry laboratory is helpful in this respect,
and the endocrinologist should be familiar with
the characteristics of the Tg assay used in his
institution and which methods are used to
exclude the presence of TgAb. The multidisci-
plinary team should decide on their policy on
follow-up in low risk patients [42], and whether
or not to rely on Tg measurements after thy-
roxine withdrawal or after recombinant human
TSH (rhTSH) administration. Control visits
should be rather frequent in the first 2 years (e.g.
every 3 months); thereafter the frequency can be
reduced to once every 6 months for 3 years, and
finally once a year in uncomplicated cases.

Management Plan for Recurrent or
Metastatic Thyroid Cancer
Once recurrent or metastatic cancer has been
diagnosed, consultations within the multidis-
ciplinary team should lead to the most appro-
priate management plan. For recurrence in the
thyroid bed or cervical lymph nodes, surgical
re-exploration usually followed by 131I therapy 
is mostly preferred. Bone metastases can be
treated with 131I, external radiotherapy, embo-
lization, or orthopedic intervention. Metastases
in the lungs and elsewhere not amenable to
surgery can be treated with 131I. In otherwise
uncontrolled end-stage disease chemotherapy
with doxorubicin and cisplatinum has been
tried, with limited success.

The internist-endocrinologist should clearly
act as the coordinator in the management of the
disease at this stage. He is likely well informed
on new developments and may propose innova-
tive, still experimental treatment strategies in
advanced cases. He may also deliver palliative
care when needed. The immediate causes of
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death in 106 fatal cases of thyroid carcinoma
were respiratory insufficiency (43%), circula-
tory failure (15%), hemorrhage (15%), and
airway obstruction (13%) [43].

Attention to Quality of Life
The physician in charge of the continuity in care
of the thyroid cancer patient (likely the endocri-
nologist) is instrumental in promoting compli-
ance with the long-term follow-up and the
required repeat investigations. Compliance can
be enhanced by giving attention to many details
which – although not determining the main
outcome of the disease – may severely affect the
patient’s life. The cost of care should not be for-
gotten, as patients may have no or insufficient
insurance [44]. The incidence of chronic xeros-
tomia as a result of 131I-induced sialadenitis may
decrease considerably with amifostine pretreat-
ment [45]. During thyroid hormone withdrawal,
hypothyroid symptoms are common such as
fatigue, weight gain, peripheral edema, muscle
cramps, skin dryness, anxiety, constipation,
cold, depression, and impairment of memory
and concentration; these complaints are more
pronounced in the elderly than in younger
patients [45]. It is thus not surprising that
quality-of-life questionnaires indicate signi-
ficant reduction in physical, psychosocial, and
social wellbeing in this period. Whereas trou-
blesome physical symptoms relating to thyroid
hormone withdrawal are readily appreciated,
the negative psychological, family, and work
sequelae are less apparent [46]. The professional
consequences of the hypothyroid period should
not easily be dismissed: 11 to 14 days of missed
work are on average associated with T4 with-
drawal [42].Adequate information to the patient
and reassurance of the relatively good progno-
sis may greatly enhance compliance. It is often
helpful to give addresses of patient support
groups and of websites with useful information.
Nevertheless, it is not unusual that patients
refuse to undergo another period of T4 with-
drawal in view of their past experience with this
procedure; the fear of another depressive
episode can be quite realistic. In such cases the
use of rhTSH greatly promotes compliance [47].
A much wider use of rhTSH replacing T4 with-
drawal is foreseen in the near future, and this
will certainly increase the quality of life of

thyroid cancer patients and decrease the
number of days of missed work [42].
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Introduction

Surgeons who treat patients with thyroid cancer
and other endocrine diseases have varied clini-
cal backgrounds. Their training or clinical 
practice may be based in general surgery, oto-
laryngology, head and neck surgery, surgical
oncology, urology (for adrenal tumors), or
endocrine surgery. Regardless of the surgeon’s
title, a surgeon specializing in endocrine disease
has a role and responsibility far beyond the
operating room. This chapter examines the
general surgeon and the specialist endocrine
surgeon in the context of thyroid and other
endocrine surgery.

Historically, endocrine disease was a promi-
nent aspect of the general surgeon’s practice.
Indeed, some of the greatest names in the
history of surgery have left their mark within
endocrine surgery. General surgeons including
Kocher, Halsted, Lahey, Mayo, Crile, and Cope
played dominant roles in the development of
the surgical treatment of endocrine disease
[1,2]. Before the role of iodine deficiency in end-
emic goiter was understood, this was a common
disease treated with thyroidectomy performed
by general surgeons [3]. Before the 1940s, when
therapeutic radioiodine and antithyroid med-
ications were first introduced, surgery was also
the only available treatment for hyperthyroid
states such as diffuse goiter (Graves’ disease),
toxic multinodular goiter (Plummer’s disease),
and toxic adenomas [2]. Although Kocher

(1841–1917) is well known as the first surgeon
to perform a high volume of endocrine
(thyroid) procedures (Figure 11.1) [2], it was not
until the 1950s that surgeons in several coun-
tries embraced the philosophy that an under-
standing of the physiology, embryology, and
pathology of the endocrine system was an
important companion to technical expertise in
the operating room. Realizing that advances 
in knowledge and skill would accompany
increased clinical experience, these early
“endocrine surgeons” focused their practice on
endocrine surgery as a separate subspecialty
within general surgery [2].

This relatively informal stance essentially 
still applies today. The “specialist endocrine
surgeon” remains a loosely defined term that, in
the USA, has no formal definition or require-
ments. Although often defined by the scope of
the surgeon’s clinical practice, it simultaneously
refers to the level of training, the extent of
clinical practice for the ongoing development
and maintenance of skills, the advancement of
knowledge in surgical endocrinology through
clinical and basic science research, and the 
role in educating medical students, surgical 
residents, and endocrine surgery fellows. The
specialist surgeon exchanges knowledge and
opinions at national and international medical
meetings to help develop improved and evi-
dence-based treatments as well as guidelines for
the surgical treatment of benign and malignant
endocrine disease. Specialist surgeons recognize
the importance of a multidisciplinary approach
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and should serve as leaders in fostering rela-
tionships between the surgeon, endocrinologist,
oncologist, radiologist, nuclear medicine physi-
cian, pathologist, primary care physician, and
allied healthcare professionals.

Exponential growth in medical knowledge
and technology has fueled the demand for
advanced knowledge and skills for every disease
process that general surgeons treat, regardless
of what subspecialty umbrella it falls under. This
advanced level of expertise is becoming increas-
ingly difficult for a general surgeon to obtain
and maintain. This chapter will evaluate thyroid
and other endocrine surgery training, analyze
clinical practice profiles of those practicing
endocrine surgery in the USA, and depict pro-
fessional aspects of endocrine surgery that sep-
arate the general surgeon or otolaryngologist
who performs endocrine surgery from the
endocrine surgeon who specializes in the treat-
ment of endocrine diseases. The successful 

surgical management of thyroid and other endo-
crine diseases requires the cooperation of both
general and endocrine surgeons.

Training in Endocrine 
Surgery – Obtaining the 
Skills and Knowledge
Two levels of endocrine surgery training now
exist: surgical residency and endocrine surgery
fellowship training. The baseline level of train-
ing for thyroid surgery is received in surgical
residency and is a mandatory component of
general surgery and otolaryngology programs.
This chapter will focus on the general surgery
perspective. Additional surgical endocrinology
fellowship training remains an informal process
at present, but discussion regarding the stan-
dardization of formal fellowship training is
under way within many associations, including
the American Association of Endocrine Sur-
geons (AAES).

General Surgery Residency Training
According to the Accreditation Council for
Graduate Medical Education (ACGME) Resi-
dency Review Committee (RRC) for Surgery, a
standard general surgery residency program is
expected to provide the training to enable its
graduates to perform endocrine surgery safely,
efficiently, and with appropriate indications,
preoperative preparation and postoperative
care [4,5]. The majority of surgeons in the USA
who perform endocrine operations rely on this
level of training.

Harness et al. evaluated the operative experi-
ence of graduating general surgery residents 
in the USA in an attempt to characterize what
baseline level of training general surgeons have
obtained for thyroid, parathyroid, and adrenal
surgery [5]. They found extremely varied levels 
of experience for all three endocrine glands,
including the thyroid (Figure 11.2) [1,5]. The
average number of thyroidectomies performed
by graduating chief residents ranged from 10.8
(1986–1987) up to 15.2 (1998–1999). Despite the
limited experience treating thyroid disease, it
still made up an average of two thirds of the
total operative endocrine experience in resi-

Figure 11.1 Theodore Emil Kocher (1841–1917); a pioneer
“endocrine” surgeon. (Reproduced with permission from Wel-
bourn [2], page 16.)
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dency [5]. The average number of parathy-
roidectomies ranged from 4.1 to 5.1 per year,
and even fewer adrenalectomies (0.98 per year)
were performed [5,6].While an increasing trend
was seen, this study questioned whether this rel-
atively small volume of cases provided adequate
exposure to the broad array of thyroid disorders
that surgeons may encounter in an active clini-
cal practice. Less common clinical entities such
as large substernal goiters, invasive malignan-
cies, large distorting neoplasms, locally recur-
rent tumors, and anaplastic or medullary
thyroid cancer all add complexity and difficulty
to thyroid operations and are unlikely to have
been encountered to any great degree during
residency training. It is probable that experience
with the lymph node dissections often required
for appropriate treatment of patients with
thyroid cancer is equally limited, although no
data, to our knowledge, are currently available.

Since residency remains the endpoint in
training for most surgeons who perform thy-
roidectomies and other endocrine procedures, it
is important to consider how many operative
procedures should be performed during resi-
dency in order for a trainee to be considered
competent and qualified. The Residency Review

Committee (RRC) for Surgery in the USA
defines the minimum number of operations
required in training for each category of general
surgery, and has established that only eight
endocrine operations are required. The
minimum for the “head and neck” category is
24, but this criterion can be fulfilled by opera-
tions such as neck exploration for trauma,
carotid endarterectomy, superficial parotidec-
tomy, as well as thyroid, parathyroid, and lymph
node resections [5]. The endocrine require-
ments do not specify criteria for each specific
endocrine gland (thyroid, parathyroid, adrenal
or endocrine pancreas) or for specific disease
processes (benign or malignant). Strictly from
an accreditation point of view, the average
general surgery resident in the USA easily meets
the current caseload criteria for endocrine
surgery training; however, when the Accredita-
tion Council for Graduate Medical Education
requirements were established, they did not take
into consideration the range of pathology
treated within surgical endocrinology.

Some residents receive appreciable experi-
ence in endocrine surgery during their resi-
dency. Harness et al. found that the maximum
number of thyroid operations (either partial or

Figure 11.2 Distribution of thyroidectomies performed by residents (1993–1994). (Reproduced from Harness K, Organ CH Jr,
Thompson NW. Operative experience of U.S. general surgery residents in thyroid and parathyroid disease. Surgery. 1995 Dec;
118(6):1065. Copyright 1995, with permission from Elsevier.)
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complete thyroidectomies) performed by a
single resident was 102 [5]. The maximum
number of parathyroidectomies and adrenalec-
tomies performed were 60 and 15, respectively
[5,6]. These numbers are significantly above the
average resident’s experience, and indeed, some
residents will perform more thyroid operations
in their residency than many general surgeons
will in their entire career [1,5,7]. This variabil-
ity suggests that the level of skill, knowledge,
and understanding of endocrine diseases to
achieve the successful practice of endocrine
surgery within a general surgery career can be
acceptable for many residents, and even excep-
tional for some. Whereas minimal experience 
in residency coupled with an occasional thy-
roidectomy in practice is not an optimal 
situation. Currently, evidence-derived recom-
mendations for minimum training volume do
not exist. Because of the large variations in
exposure to endocrine operations among resi-
dency programs and general surgery practices,
carefully controlled studies are needed to shed
light on this controversial issue.

Some residency programs and residents have
difficulty meeting the RRC minimum standards
for training in endocrine surgery. Although the
mean values from the Harness study could be
influenced by case volume outliers, the modal
values for thyroidectomy (8 to 10 cases per
graduating resident) and parathyroidectomy (2
to 3 per graduating resident) continue to reflect
a concerning paucity of exposure [5]. A limited
residency case volume is likely indicative of a
limited endocrine practice of the faculty
members within such programs.

The majority of general surgery residency
programs do not have specialist endocrine sur-
geons on their faculty.A study of the 268 general
surgery residency programs in the USA in
1993–1994 discovered that only 70 programs
(26%) had an endocrine surgeon (defined as 
a member of the American Association of
Endocrine Surgeons) on staff [4]. This proved to
be an important factor. Those programs with 
an endocrine surgeon had greater numbers 
of thyroidectomies, parathyroidectomies, and
overall endocrine cases than those without one.
In addition, residents from programs with an
endocrine surgeon tended to score higher on
the endocrine section of the qualifying exami-
nation of the American Board of Surgery 
in 1994, and this difference was statistically
significant in 1995 [4]. While the value of having

endocrine surgeons teach the corresponding
clinical workup, operative procedures, and post
operative follow-up was statistically evident by
standardized test results, whether the test
results and case volume differences noted in this
previous study were clinically relevant is debat-
able. The presence of an endocrine surgeon on
the teaching faculty did not affect the paucity 
of residents’ exposure to uncommon endo-
crine procedures, such as those involving the
endocrine pancreas [4]. This is likely due to the
lack of power to detect such a difference, as 
the overall number of these cases is low.

There are other probable advantages to
having an endocrine surgeon on the teaching
faculty that were not evaluated in the Harness
study. These surgeons tend to operate on greater
numbers of patients with endocrine disease,
thereby increasing the depth and breadth of the
resident’s exposure. This not only provides addi-
tional training in the clinic and operating room,
but it helps create an understanding of the com-
plexity of cases that this discipline can entail.
This understanding stems from the uncommon
and challenging clinical endocrine scenarios
that have a low incidence in the general popula-
tion, but an increased incidence in the referral
practice of the specialist faculty. Respect for the
amount of experience and knowledge required
to provide optimal patient care can be garnered
from an endocrine surgeon – perhaps better
than it can be from a nonreferral-based and
nonspecialized surgeon. This view is supported
by Cheadle et al., who demonstrated an increase
in the volume and complexity of chief resident
cases when specialty faculty from other areas of
general surgery joined the department [8]. New
faculty members specializing in surgical oncol-
ogy, hepatobiliary, colorectal, and vascular
surgery developed major referral practices that
exposed residents to a wider, more challenging
range of cases in their fields [8]. The greater
volume and complexity of a surgical referral
center may be accompanied by an increased
multidisciplinary involvement of colleagues in
radiology, nuclear medicine, pathology, and
endocrinology and this also contributes to the
residents’ clinical exposure.

An Australian study of complications from
total thyroidectomy demonstrated that appro-
priately trained general surgeons performed
this operation with complication rates compa-
rable to their endocrine surgeon counterparts,
despite the significant difference in practice
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volume (146 versus 2–16 thyroidectomies per
year) [9]. The general surgeons were former
trainees in an endocrine surgery specialty unit
during their residencies and at the time of their
graduation were thought to be proficient in
thyroid surgery. This study suggests that well-
trained general surgeons who are proficient and
safe in endocrine surgery when they complete
their residency training can continue to be once
they are in practice in the community.

Perhaps the most important influence an
endocrine surgeon has in a general surgery
training program is on the recruitment of future
endocrine surgeons by exposing residents to the
opportunities in the field. Endocrine surgeons
may serve as mentors for medical students and
residents who have an interest in this field of
surgery or who will develop such an interest
because of their mentorship. A survey of senior
surgeons at regional and national surgical soci-
eties found that their “role models” were the
number one influence on their choice of career
specialty [10]. A separate survey found that two
thirds of general surgery graduates chose the
same career as their mentor [11]. With the
declining number of medical students pursuing
careers in surgery and the high attrition rates of
those who begin general surgery programs [12],
the general surgery profession and its special-
ties need more role models to encourage and
support young surgeons [13,14].

General surgery residencies should provide
adequate experience in thyroid surgery so that
their graduates can perform uncomplicated
thyroid operations with minimal morbidity
[4,15,16]. With this solid baseline training, and
by staying on top of emerging and changing
treatment options and guidelines, these gradu-
ates can continue to safely and effectively treat
most endocrine diseases that require surgery.
Recognition of personal and institutional limi-
tations will result in appropriate referrals to col-
leagues who have additional training and
experience [15].

Endocrine Surgery Fellowship
Training
Although most surgeons in the USA who
perform endocrine operations do so in the
context of a broad general surgery practice,
many believe that additional training in
endocrine surgery is required for those who will

serve as experts in the field. Endocrine surgery
fellowships of variable duration add clinical,
operative, and research experiences onto the
standard surgical residency training. The dura-
tion and curriculum for such programs have not
been formally established. Current fellowships
in the USA, Canada, Australia, Europe, and Asia
range from 3 months to 4 years in duration and
may include clinical practice, clinical research,
basic science research or combinations thereof.
As per the International Association of Endo-
crine Surgeons (IAES) website [17], there are 
85 centers that have or are planning to create
endocrine surgery fellowships and this number
will continue to increase. No formal certification
process currently accompanies this fellowship
training in the USA, but it is generally agreed
that an endocrine surgery fellowship should
prepare the surgeon for all elements of a career
in this subspecialty. To date, there have been no
specific studies on the impact of endocrine sur-
gery fellowship programs on clinical outcomes.

Surgical endocrinology does not merely
involve technical skill. The additional clinical
experience of a fellowship program builds in-
depth knowledge in the areas of prevention,
diagnosis, natural history, treatment options,
preoperative preparation, operative technique,
and management of surgical complications in
patients with a broad range of endocrine disor-
ders.A firm understanding of endocrine biology
and pathophysiology is mandatory. Knowledge
of investigative options, including their indica-
tions and limitations, allows accurate and timely
diagnosis while minimizing invasiveness and
cost. The use of novel and experimental treat-
ment options not yet found in textbooks is an
important aspect of fellowship training because
these future endocrine surgeons will help dictate
the ultimate role these therapeutic options will
play. Surgical technique, including preoperative
and intraoperative decision-making, must be
taught by those who are experienced in the 
field. Appropriate postoperative and long-term
follow-up care including hormone substitution
therapy and surveillance for disease recurrence
are vital aspects of patient management. Knowl-
edge of the indications for and potential com-
plications of adjuvant oncological treatment is
also required. Because of advances in molecular
genetics, screening for familial disease or detect-
ing genetic markers to predict tumor behavior
will play an increasing role in patient evaluation,
treatment, and follow-up care. A key element of
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fellowship training involves achieving greater
clinical and operative experience while under
the guidance of endocrine surgeon mentors.

The emerging specialist should be competent
in the operative and nonoperative components
of surgical endocrinology. For this reason, it 
has been suggested that the clinical aspect of a
fellowship program include nonsurgical skills
such as neck ultrasonography, fine-needle aspi-
ration biopsy, and direct laryngoscopy. Clinical
experience should include nonoperative rota-
tions in endocrinology, endocrine pathology,
and related radiology and nuclear medicine
investigations and treatments. Achieving this
competency is an important component of spe-
cialty training.

Endocrine surgery fellowships should include
a research component – basic science, clinical or
both. Regardless of the type of research, devel-
opment of the associated skills is a vital tool that
the graduating endocrine surgeon takes from
their fellowship to their professional practice.
The contributions from original research are
one of the yardsticks by which academic sur-
geons are measured. More importantly, such
contributions are mandatory for the continued
improvement in patient care, because advances
and innovations in technique and knowledge
are the products of these research efforts. In
addition to the increased volume and depth of
clinical experience, the research element of an
endocrine surgery fellowship also differentiates
it from the residency training on which they are
building.

With the range and depth of clinical and
research experience an endocrine fellowship
program can provide, it is possible to visualize
how one begins to make the transformation
from general surgery graduate to specialized
endocrine surgeon.

Clinical Practice –
Maintaining the Skills and
Knowledge and Building 
on Them
Surgeons who perform endocrine surgery must
ensure that they maintain their level of practice
at an acceptable standard, regardless of whether
they have additional fellowship training or not.

The maintenance of these standards should
include a critical self-appraisal of patient out-
comes as they relate to clinical decision-making,
timing and accuracy of diagnosis, indications
for and choice of operation, postoperative
follow-up care and adjuvant treatment. Since
medicine is a dynamic profession, this clinical
competency must reflect past training and ex-
perience while incorporating any changes in
clinical practice guidelines and treatment
modalities.Any surgeon caring for patients with
endocrine disorders such as thyroid cancer
must remain up to date on the advances in the
multidisciplinary care (operative and nonoper-
ative) that these diseases require. The specialist
surgeon should play an active role in the devel-
opment of these advances and in the promotion
of the multidisciplinary approach.

Maintenance of Technical Surgical
Skills: the Volume–Outcome
Relationship
Perhaps the most widely quoted perspective for
the role that specialist surgeons play in treating
endocrine diseases stems from studies correlat-
ing surgical and hospital volume to patient out-
comes. Low surgeon case-volume has been
associated with higher complication rates in
studies involving a vast array of specialties such
as vascular, pediatric, colorectal, pancreatic,
and endocrine surgery [18–24]. These studies
suggest that surgeons who perform either a
greater number of specific procedures or who
dedicate a greater percentage of their overall
practice to a specific procedure have better out-
comes than surgeons whose practice is less
active or focused. This association has held true
with respect to mortality rates, complication
rates, successful cure rates, length of hospital
stay and healthcare charges in several studies,
and endocrine surgery is no exception.

However, the studies that demonstrate this
volume–outcome relationship have some limi-
tations [22]. Although associations may be sta-
tistically significant, proving causality is much
more difficult. For example, to prove a causal
relationship, one must determine if high volume
surgeons truly have better results or if they are
simply drawing more referrals because they
excel at those procedures [25]. In addition,
despite efforts of case-mix adjustments in these
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studies, there may be selective referral of
patients to high volume surgeons or centers.
It is possible that the lower volume surgeons 
are actually performing more difficult pro-
cedures on sicker patients, but at this point 
there is no evidence to suggest this within
endocrine surgery. The surgeon’s volume–
outcome association may be confounded by
hospital volume, which may, in turn, be related
to patient outcomes. This association between
patient outcomes and hospital volume has 
been demonstrated in studies of pancreatico-
duodenectomy, cholecystectomy, and coronary
angioplasty [22,26–28], but has not been found
for thyroid surgery. This may be due to the rel-
atively young and otherwise healthy patient
population that most commonly undergoes
thyroid surgery; these patients are not heavily
reliant on subspecialty care, complex equipment
or monitoring [22]. Publication bias may also be
an issue, because investigators in academic
centers who conduct volume–outcome research
may be more likely to publish results that
support their role as referral centers.

Most volume–outcome studies that include
results for community surgeons are based on
large administrative databases that permit sta-
tistically valid estimates of associations between
patient outcomes and surgeon volume [29].
While these databases offer powerful informa-
tion, they have their limitations. They are often
not set up to answer specific research questions.
The information available may not include key
variables that permit the most appropriate 
statistical assessment of study endpoints. An
example is the extrapolation of treatment com-
plications from hospital database “length of
stay” information for patients who have had
thyroid surgery. The main complications and
endpoints in thyroid surgery studies are often
confirmed after discharge – and after data col-
lection has been completed. Complications such
as recurrent or superior laryngeal nerve injury,
persistent or recurrent hyperparathyroidism,
permanent hypoparathyroidism, or wound
infection may develop or be diagnosed after dis-
charge, and therefore may not be accurately
reflected in a discharge database. In addition,
confounding issues, such as previous neck
surgery or locally invasive malignancies, are
significant risk factors for complications in
thyroid operations that are often not available in
databases not constructed specifically for analy-

sis of surgical outcome and complications.
Other important patient information that allows
accurate case-mix adjustment may not be
optimal and is database dependent.

Two studies that used discharge databases
examined the volume–outcome relationship in
endocrine surgery. Chen et al. [30] used the
Maryland inpatient discharge database to eval-
uate the state’s experience with parathyroidec-
tomy between 1990 and 1994. Their study
confirmed the high cure rates and low morbid-
ity and mortality rates associated with special-
ist surgeons that have been reported in previous
studies. Database limitations did not permit the
evaluation of cure rates or complication rates of
the patients whose operations were performed
outside of the endocrine center, but the analysis
did show a significantly longer length of stay at
these other hospitals (3.1 versus 1.3 days). The
authors speculated that length of stay may be a
proxy for operative complications, but although
plausible, this is an assumption that has been
both supported and criticized in the literature
on surgical outcome. Sosa et al. used hospital
discharge data from nonfederal acute care hos-
pitals in Maryland to compare the results of
endocrine surgeons with those of lower volume
surgeons [22]. They found an association
between high volume surgeons and decreased
complication rates and shorter lengths of stay,
which seemed strongest for the subgroups of
patients who had more complex diagnoses or
procedures, such as malignancies and total thy-
roidectomies.

Although many studies suggest that increased
surgical volume is associated with better clini-
cal outcome, the concentration of endocrine
surgery into the hands of specialist surgeons has
not been widely adopted in the USA.When eval-
uating who was performing endocrine proce-
dures (thyroid, parathyroid, and adrenal) in the
USA, Saunders et al. evaluated surgeons based
on the number of endocrine cases they per-
formed and the percentage of each surgeon’s
practice that was endocrine in nature [7]. Sur-
geons whose endocrine experience comprised
25% or less of their practice performed 78% of
all parathyroidectomies, 94% of all adrenalec-
tomies, and 82% of all thyroidectomies (Figure
11.3) completed in the USA in the years 1988
through 2000 [7]. Surgeons for whom endocrine
procedures comprised 75% or more of their
practice performed only 5% of all parathy-
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roidectomies, 3% of all adrenalectomies, and 3%
of all thyroidectomies in this same time period.
In a study of thyroidectomies, 78.6% of sur-
geons who perform these procedures did fewer
than ten thyroid operations per year (Figure
11.4) [22].

There are, however, geographic regions in the
USA where the bulk of endocrine surgeries are
performed in specialist centers. In Maryland,
between the years 1990 and 1994, an increasing
percentage (8% to 21%) of the state’s parathy-
roidectomies were being performed by a single

Figure 11.3 Contribution of individual surgeon quartiles to the total number of patients who underwent operation (calculated on
percentage of practice calculation: quartile A: 0–25%; quartile B: 26–50%; quartile C: 51–75%; quartile D: 76–100%). (Reproduced
from Saunders BD, Nainess RM, Dimick JB, et al. Who performs endocrine operations in the United States? Surgery. 2003 Dec;
134(6):928. Copyright 2003, with permission from Elsevier.)

Figure 11.4 Summary of the distribution of thyroid surgeons and cases by the four surgeon volume groups. (Reproduced with per-
mission from Sosa et al. [22], page 323.)
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endocrine surgeon [30]. Similarly, between 1991
and 1996, the highest volume thyroid surgeons
in Maryland (those performing over 100 cases
per year) noted an increased referral pattern as
their share of thyroidectomies increased from
11.9% (1991–1993) to 17.6% (1994–1996) [22].
Overall, those surgeons performing 30 or more
thyroidectomies completed 42.6% of the total
thyroidectomies in the state, while comprising
only 6.5% of the surgeons (Figure 11.4) [22].

Some studies do not support the “volume–
outcome” relationship in endocrine surgery.
These looked at smaller series, at trainees’ expe-
rience, and at general surgeons in community
practices [9,25,31–33]. Even studies that find an
association between surgical volume and clini-
cal outcome must be interpreted with caution.
Sosa et al. showed there was no significant 
difference for rates of hypoparathyroidism
between any of the surgeon volume categories,
but did find an increased rate (1.5% versus
0.4%) of recurrent laryngeal nerve injury after
thyroidectomy in the lowest volume group
(fewer than 10 thyroidectomies per year) as
compared to the highest volume group (over
100 thyroidectomies per year) [22]. There was,
however, no significant difference in nerve
injury rates between the mid-volume groups
who performed between 10 and 100 thyroid
operations per year and those who performed
over 100 (0.5–0.8% versus 0.4%). Perhaps this is
suggestive of a threshold annual number of
cases where the volume–outcome relationship
exists and above which the relationship
weakens.

The results from Sosa et al. must be consid-
ered in light of the differences in the patient
populations. Surgeons who operated on more
than 100 patients with thyroid disease per year
were performing more total thyroidectomies
(versus lobectomy), treating more malignant
(versus benign) conditions and had a signifi-
cantly younger patient population than the
lower volume surgeons [22]. The finding that the
highest volume group treated the more chal-
lenging and complex patient population may
support one of two views: First, that the small
difference in recurrent laryngeal nerve injury
rates and the absence of difference in the
hypoparathyroidism rates are biased towards
the null, that is, that the difference in complica-
tion rates would be greater if the lower volume
surgeons performed more complex cases.

Second, and conversely, that appropriate selec-
tion of thyroid cases based on the surgeon’s
training and experience (and appropriate 
referrals based on case complexity) enables 
safe endocrine surgery to be performed by all 
surgeons who maintain their skills with an 
adequate number of cases. Both are probably
true to some extent, although more definitive 
conclusions cannot be made without clinical
evidence.

The threshold at which one becomes a “high
volume” surgeon is variable and to some 
extent, arbitrary. Some published thresholds for 
“high volume” surgeons reflect this variability:
parathyroidectomy, over 50 cases per year [34],
carotid endarterectomy, 30 or more cases per
year [35], thyroid surgery, over 20 cases per year
(P. Haigh, 2004, personal communication), col-
orectal procedures, over 10 per year [36]. This
variability in case number suggests that it may
be more than just pure annual volume of cases
that determines surgical expertise and subse-
quent clinical outcome for patients. Clinical out-
comes are a multifactorial entity with patient
selection, appropriate choice of procedure,
referral pattern, institutional impact, and surgi-
cal skill all part of this surgical outcome puzzle.

Maintenance of Surgical 
Decision-Making
Integral to surgical success and often entwined
in the volume–outcome relationship is the
ability of the surgeon to use clinical informa-
tion, diagnostic study results, and professional
judgment to determine treatment recommen-
dations. How the operative approach and treat-
ment guidelines should be modified for each
individual patient are challenging aspects of
endocrine surgery that are taught in residency,
refined in fellowship and remain a dynamic
challenge in clinical practice.

As the optimal surgical treatment for thyroid
disease is often debated, it provides an excel-
lent example of how clinical decision-making
requires sound knowledge of accepted guide-
lines, as well as an understanding of the contro-
versies and the study results which support or
refute the various treatment options. This allows
one to tailor treatment for individual patients.
Although controversial, the current trend for
treatment of selected benign and most malig-
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nant thyroid disease is towards more extensive
surgery, such as near-total or total thyroidec-
tomy [37–39].When used to treat thyroid malig-
nancies, these operations may involve central
and/or lateral lymph node dissections, the 
indications for which are also a source of
controversy. With an active clinical practice 
and ongoing hands-on research in this field,
specialist surgeons treating thyroid disease are
most adept at making these difficult clinical
decisions.

Total thyroidectomy has many proposed
advantages [40]. It facilitates the subsequent use
of radioactive iodine for thyroid remnant abla-
tion, diagnostic scanning, and treatment of
locally recurrent and metastatic disease. Serum
thyroglobulin level is a more sensitive tumor
marker for early detection of disease recurrence
and metastases when no normal thyroid cells
remain. Up to 85% of patients with papillary
thyroid cancer have occult multicentric disease
that would be eliminated as possible sites of
local recurrence if total thyroidectomy were
performed [41].When tumor foci are left in situ,
about 7% of such patients will develop local
recurrence in the contralateral lobe and 50% of
those will die from their disease [40]. Total thy-
roidectomy decreases the risk of local recur-
rence, decreases the 1% risk of dedifferentiation
of papillary and follicular thyroid cancer and
improves survival for patients with high risk
papillary thyroid cancers [37,40,42,43].

At the University of California, San Francisco,
total thyroidectomy is recommended for most
patients with pathology proven well-differenti-
ated thyroid cancer. Total thyroidectomy is espe-
cially recommended for higher risk patients
such as those under 15 or older than 45, those
with a previous history of exposure to low dose
therapeutic irradiation to the cervical region,
those with a family history of well-differentiated
thyroid cancer, those for whom preoperative
assessment demonstrates papillary thyroid
cancer one centimeter or greater, and those with
bilateral disease, extrathyroidal extension, or
the presence of lymphatic or systemic metas-
tases. In addition, for patients who did not meet
any of the preoperative criteria for total thy-
roidectomy, a completion thyroidectomy would
be recommended for positive margins, multifo-
cal disease, non-minimally invasive follicular
cancer or aggressive histology (tall cell, colum-
nar cell, insular or poorly differentiated). Many

other surgeons use all or some of these indica-
tions to determine the extent of thyroidectomy
and other centers support this liberal approach
to total thyroidectomy for papillary and follicu-
lar thyroid cancer when the complication rate is
low [40,44–50].

Others do not advocate total thyroidectomy,
and cite various reasons for a less aggressive
surgical approach [40,42]. Local recurrence in
the contralateral lobe would be diagnosed with
standard patient follow-up and 50% are cured
with surgery. Fewer than 5% of recurrences
actually occur in the thyroid bed. Potential con-
tralateral occult papillary thyroid cancers are of
questionable clinical significance, and have an
excellent prognosis when treated with less than
a total thyroidectomy. Indeed, some studies 
have not found a survival benefit for total thy-
roidectomy in either low risk or high risk dif-
ferentiated thyroid cancer patients and advocate
against using an aggressive surgical approach 
in all but the most select patient population
[51,52]. There are currently no prospective
studies to help end this controversy.

Oncological endpoints such as recurrence and
survival are the pillars of the debate over the
extent of resection for thyroid cancer, but the
potential for complications has also been evalu-
ated. Some think that lobectomy with isthmu-
sectomy is associated with fewer complications
than a total thyroidectomy because dissection is
limited to one side, theoretically decreasing the
incidence of hypoparathyroidism and recur-
rent laryngeal nerve injury [22]. Others think
the risks of operative complications with total 
thyroidectomy are not significantly greater than
with lobectomy and isthmusectomy [53,54].
Most larger, robust series document comparable
complication rates for the two procedures [40],
findings which are true for total resections at the
time of initial procedure as well as for comple-
tion thyroidectomies [55,56].

Despite evidence supporting the safety and
efficacy of total thyroidectomy for malignant
and benign disease, there are some reports that
total thyroidectomies make up a significantly
smaller percentage of all thyroid procedures in
the lower volume general surgeon’s practice
than in the higher volume endocrine surgeon’s
practice [22,37,57,58]. Given that the extent 
of resection is a controversial topic, this differ-
ence between general and endocrine surgeons
may reflect an honest underlying difference of
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opinion regarding total thyroidectomy versus
lobectomy. It may also reflect a referral bias if
patients who are more likely to require total
resection are referred to specialists. Operative
indications should not be influenced by the
surgeon’s level of training, practice volume, or
comfort level with extensive thyroid resection –
these are on no one’s “list of indications” for
cancer treatment. If these are an issue and the
patient would benefit from a more complex or
extensive surgical approach, then this patient
requires referral to a more experienced surgeon
– not a change in the operative approach.

Who should be performing thyroid surgery?
One does not need to be an endocrine surgeon
to treat thyroid cancer. Considering that there
were an estimated 18 400 thyroid cancers diag-
nosed in the USA in the year 2000 (not includ-
ing thyroid operations for nodules eventually
diagnosed as benign) [59] and there are only
298 current members in the AAES (237 practic-
ing in the USA) (J. Pasieka, 2004, personal 
communication), it would not be possible for
thyroid surgery to remain solely in the hands of
endocrine surgeons. Therefore, there should be
a concerted effort to determine whether a par-
ticular case should be managed by a well-
trained general surgeon or by a specialized
endocrine surgeon.

The decision to assume the surgical care for
a patient with thyroid cancer or to refer the
patient to a more experienced colleague who
specializes in this area should be based on
patient, surgeon, and institutional factors. A
surgeon’s level of training, endocrine knowl-
edge, operative skills, and clinical acumen deter-
mine if one can safely and effectively provide
the surgical care required. The institution’s
strengths and limitations should be considered
in terms of operative equipment, medical
resources, and colleague support. While the
surgeon and institutional factors remain fairly
constant, the patient factors make each decision
unique. Table 11.1 refers to clinical scenarios we
generally consider to be within the specialist’s
domain, because of the technical challenge of
the surgical procedure or the anticipated com-
plexity of multidisciplinary treatment and
follow-up care. It is the responsibility of each
surgeon to maintain a personal audit of his or
her procedures, complications, and clinical out-
comes so that these decisions can be as objec-
tive as possible.

Maintenance of “Points of 
Good Practice”
The final component in the treatment of thyroid
cancer is the clinical follow-up of the patient.
This demands a full understanding of the dis-
ease process and the indications for elements
such as postoperative radioiodine ablation,
chronic thyroid-stimulating hormone sup-
pression, and the clinical, radiological, and 
biochemical monitoring of the patient for
recurrent disease. Surgeons operating on the
thyroid gland must be active in these treatment
decisions and not succumb to the simple role of
“technician.”

Kumar et al. assessed the degree to which
“points of good practice” were met by groups 
of specialists with an interest in thyroid 
cancer compared to physicians and surgeons
outside of a specialist clinic setting [60]. The
specialist group included endocrine surgeons,
endocrinologists, and oncologists. The points of
good practice evaluated were defined in conser-
vative terms to highlight patterns of practice

Table 11.1 Potential indications for referral to a specialist
surgeona

Recurrent disease: reoperative procedures
Anaplastic thyroid cancer
Medullary thyroid cancer, including central lymph node 

dissection
Multiple endocrine neoplasia syndromes
Advanced malignancies

Modified radical neck dissection
Symptoms: airway obstruction, dysphagia, hoarse 

voice, substernal extension
Goiters

WHO classification, stage III, possibly stage II
Substernal goiters
Graves’ disease

Patient factors that increase complexity or difficulty of 
procedure

Large body habitus
Comorbidities that add significant technical and 

medical challenges
Documented recurrent laryngeal nerve injury
Coexisting endocrine disease, i.e.

hyperparathyroidism
Previous exposure to low dose therapeutic radiation

Pediatric thyroid surgery
Patient request for specialist surgeon

a Indications may be based on technical challenge of required sur-
gical procedure or anticipated complexity of multidisciplinary care.
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that departed from acceptable standards based
on review of the literature and national guide-
lines. Ninety percent of specialist surgeons per-
formed the more extensive total or near-total
thyroidectomy when it was deemed appropriate,
but only 62% in the nonspecialist setting met
such treatment recommendations. It is note-
worthy that complication rates were similar in
both groups. In addition, in both groups, post-
operative L-thyroxine administration was inad-
equate for greater than 20% of the patients (goal
of thyroid-stimulating hormone <0.1 mU/L)
and surveillance thyroglobulin levels were not
monitored in almost 15% of patients. Inade-
quate postoperative L-thyroxine administration
and thyroglobulin monitoring tended to occur
more commonly in the nonspecialist group,
but the differences were not statistically signifi-
cant. The recommended approach to rising 
thyroglobulin levels and the use of radioiodine
were achieved more commonly in the specialist
clinics than outside them, and this difference
was statistically significant. This study high-
lights a volume–outcome relationship by 
comparing important aspects in the clinical
treatment of thyroid cancer, rather than com-
paring surgical outcome. Overall, patients
received more comprehensive, complete care 
in specialist clinics than in nonspecialist 
environments [60].

Postoperative management and long-term
follow-up of patients with thyroid cancer are
not technically demanding aspects of patient
care, but require attention to detail and knowl-
edge of changes in the dynamic field of endo-
crine oncology. Specialists in thyroid cancer
need not direct this care, but patients should
always receive the same standard of care as
these specialists provide. While a general
surgeon treating thyroid cancer must stay
abreast of advances in diagnostic and treatment
elements, it is the extensive clinical experience
and research efforts of endocrine specialists
that drive these advances.

Conclusion: The Endocrine
Surgeon
The endocrine surgeon provides clinical expert-
ise in the management of endocrine disease.
This clinical role extends beyond the operating

theater to ensure provision of quality preopera-
tive preparation, postoperative care, and long-
term follow-up. Academic endocrine surgeons
may conduct clinical research, basic science
research, or both, and through their contribu-
tions to the fields of surgical endocrinology,
molecular genetics, and clinical outcomes, they
continue to improve the care of patients with
endocrine disease. Advances in operative tech-
niques and intraoperative equipment are devel-
oped and scrutinized in efforts to decrease the
morbidity of a procedure while improving the
outcome for the patient. Through extensive 
professional experience and original research
projects, these specialists formulate treatment
recommendations and guidelines that become
the yardsticks by which all practitioners of
endocrine surgery are measured. Attendance at
national and international meetings and mem-
bership in specialty associations are important
educational and professional elements of a spe-
cialist’s career. Specialist surgeons provide terti-
ary care for the more complex and challenging
cases, while also treating a broad range of
general endocrine diseases. With surgery being
a central component of thyroid cancer treat-
ment (and many other endocrine diseases),
endocrine surgeons must occupy a central role
in the multidisciplinary approach to these 
diseases.

The endocrine surgeon serves as educator,
mentor, and role model for surgical trainees.
Specialist surgeons serving on surgical faculties
enhance the clinical experience of residents in
terms of the volume and the breadth of clinical
exposure to ensure that the graduates have
developed competency in endocrine surgery.
Their impact as role models or mentors for
medical students and residents is less
quantifiable but equally as important – espe-
cially when it influences career choice. In addi-
tion, the presence of one or more specialist
surgeons is required for fellowship training in
endocrine surgery, which is becoming the hall-
mark for entry into the specialty community.

The endocrine surgeon should provide lead-
ership in the academic, clinical, and adminis-
trative domains to promote and protect the
discipline of endocrine surgery. For example,
adequate exposure of general surgery residents
to endocrine surgery should be ensured, novel
operative equipment and resources should be
available if they will benefit the patient’s
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outcome, and funding for fellowship and
research positions is essential if the best health-
care is to be provided for our population.

Endocrine surgeons are not meant to replace
general surgeons. Rather, they extend the role of
surgical care, education, research, and influence
by virtue of their focus and dedication to this
field.
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Introduction
Prognosis of differentiated thyroid carcinoma
(DTC) is typically so favorable that it is difficult
to demonstrate an effect of therapy unless very
large cohorts are studied for several decades.
Moreover, analysis of therapy based only upon
cancer-specific mortality rates fails to take into
account the large number of patients, about 20%
in most series [1], who experience locoregional
recurrence and distant metastases that often
occur decades after initial treatment [2]. No
prospective randomized clinical trials of
therapy have been done. Thus, all contemporary
views of the efficacy of therapy are based upon
retrospective studies, which often have been
performed on small cohorts of patients in
whom follow-up is very limited. To get a com-
plete picture of the impact of therapy, follow-up
must span virtually the entire lifespan of the
patient [3]. It is accordingly not surprising that
the optimal extent of initial thyroid surgery for
DTC continues to generate some controversy,
mainly in the USA where a few surgeons argue
that lobectomy is sufficient treatment for the
majority of patients with this disease [4,5]. It
must be emphasized that surgery and 131I
therapy have complementary but differing
effects on outcome, and the assumption that
subtotal thyroidectomy can be rectified by 131I
ablation is incorrect (Figure 12.1).

Staging and Prognostic
Scoring Systems
The debate surrounding the extent of initial
thyroid resection centers mainly on the use of
prognostic scoring systems to select the extent
of surgery based upon the patient’s “risk,” for
dying of the disease and relates directly to the
differing effects of age on recurrence and mor-
tality rates. Young patients have a low risk of
mortality but experience high tumor relapse
rates, whereas cancer-specific mortality rates
rise sharply after 45 years of age.

Current Tumor Staging Systems
Nine staging and tumor scoring systems have
been proposed over the years (Table 12.1). The
sheer number of staging systems underscores
their lack of general acceptance. Most use
patient age at the time of initial therapy and
tumor factors to discriminate patients at high
risk of dying from thyroid cancer (Table 12.1)
[6–13]. In one study [11], four of the schemes
that use age (EORTC, TNM, AMES, AGES) when
applied to the papillary carcinoma survival data
from the Mayo Clinic, were effective in separat-
ing low risk patients in whom cancer-specific
mortality was 1% at 20 years from high risk
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patients in whom it was 30% to 40% at 20 years
[10]. Twenty-year survival rates for patients
with MACIS scores less than 6, 6 to 6.99, 7 to
7.99, and 8+ were 99%, 89%, 56%, and 24%,
respectively. Another study, however, that cate-
gorized 269 patients with papillary carcinoma
according to five different prognostic scoring
schemes found that some patients in the lowest
risk group for each scheme died of cancer [7].
This is particularly true of the schemes that
simply categorize risk dichotomously as low or
high [6,14]. Moreover, these schemes do not
consider tumor recurrence and are inaccurate

in predicting disease-free survival. The latest
American Joint Committee (AJCC) TNM stag-
ing system [13] for thyroid cancer (Table 12.2)
classifies even more patients as being at low risk
than did the former version. Staging systems
derived from multivariate analyses that do not
take into account the effects of therapy assume
that treatment does not alter outcome. This is
very likely incorrect. Treatment is not factored
into the multivariate analyses that underpin
most of the prognostic scoring systems, a weak-
ness highlighted by the authors of the first
thyroid cancer scoring system ever to be devised

Figure 12.1 Tumor recurrence 40 years (median 16.7 years) after thyroid surgery and thyroid hormone therapy with and without
131I ablation of uptake in the thyroid bed. Total thyroidectomy includes ipsilateral lobectomy, isthmusectomy, and near-total con-
tralateral thyroidectomy; subtotal thyroidectomy is lobectomy with or without isthmusectomy. Patients undergoing total thyroidec-
tomy had more advanced tumor stage than those undergoing subtotal thyroidectomy (ANOVA, P < 0.001). (Reproduced with
permission from Mazzaferri EL, Kloos RT. Current approaches to primary therapy for papillary and follicular thyroid cancer. J Clin
Endocrinol Metab 2001; 86(4):1447–1463. Copyright 2001, The Endocrine Society.)



Table 12.1 Components of staging systems and rating schemes for defining risk category in patients with differentiated thyroid
carcinoma

Variable at time University of Ohio State
of diagnosis TNMa,b EORTCb AMESb AGESc MACISc NTCTCSb MSKa,b Chicagoc Universityb

Patient characteristics
Age X X X X X X X
Sex X X X

Tumor characteristics
Cell type X X
Size X X X X X X X
Grade (histological) X X
Extrathyroidal X X X X X X X X X

extension
Lymph node Xd X X X

metastases
Distant X X X X X X X X X

metastases

Therapy characteristics
Incomplete X

resection

a T, primary tumor, T1,£2 cm; T2,>2 cm to 4 cm; T3,>4 cm; T4a, any size tumor to invade subcutaneous soft tissues, larynx, trachea, esophagus,
or recurrent laryngeal nerve;T4b, tumor invades prevertebral fascia or encases carotid artery or mediastinal vessels; all anaplastic tumors are con-
sidered T4: T4a intrathyroidal anaplastic carcinoma surgically resectable,T4b extrathyroidal anaplastic carcinoma surgically unresectable; regional
lymph nodes are the central compartment, lateral cervical and upper mediastinal lymph nodes, N1a, metastases to level IV (pretracheal, para-
tracheal, and prelaryngeal/Delphian lymph nodes), N1b metastases to unilateral, bilateral, or contralateral cervical or superior mediastinal lymph
nodes; M0 distant metastases absent, M1 distant metastases present.
b Both papillary and follicular carcinoma.
c Only papillary carcinoma.
d Not applied to patients with papillary or follicular carcinoma under 45 years.
See footnote to Table 12.2. for definitions of study abbreviations.

Table 12.2 Scoring methods. TNM (American Joint Committee on Cancer [13]) staging varies with cell type and age.
Undifferentiated (anaplastic) carcinomas are stage IV.

Papillary or follicular

Stage <45 years ≥45 years Medullary

I M0 T1+N0+M0 T1+N0+M0
II M1 T2+N0+M0 T2+N0+M0

None T3+N0+M0 T3+N0+M0
III T1-3+N1a T1+N1a+M0

T2+N1a+M0
T3+N1a+M0

None T4a+N0+M0 T4a+N0+M0
T4a+N1a+M0 T4a+N1a+M0

IVA T1+N1b+M0 T1+N1b+M0
T2+N1b+M0 T2+N1b+M0
T3+N1b+M0 T3+N1b+M0
T4a+N1b+M0 T4a+N1b+M0

IVB None T4b+Any N+M0 T4b+Any N+M0
IVC None Any T+Any N+M1 Any T+Any N+M1

EORTC (European Organization for Research and Treatment of Cancer) [9]. Age in years + 12 if male, +10 if medullary, +10 if poorly differenti-
ated follicular,+45 if anaplastic,+10 if extending beyond thyroid,+15 if one distant metastases + 30 if multiple distant metastases.
AMES (Age-Metastasis-Extent-Size) [6]. High risk is female > 50 years, male > 40 years, tumor > 5 cm (if older age), distant metastases, substan-
tial extension beyond tumor capsule (follicular) or gland capsule (papillary).
AGES (Age-Grade-Extent-Size) [10]. Calculated from 0.5 ¥ age in years (if >40),+1 (if grade 2),+3 (if grade 3 or 4),+1 (if extrathyroidal),+3 (if
distant spread),+0.2 ¥ maximum tumor diameter.
MACIS (Metastasis-Age-Completeness of resection, Invasion-Size) [11]. MACIS = 3.1 (if aged £39 years) or 0.08 ¥ age (if aged ≥40 years),+0.3
¥ tumor size (in centimeters),+1 (if incompletely resected),+1 (if locally invasive),+3 (if distant metastases present).
NTCTCS (National Thyroid Cancer Treatment Cooperative Study) [8]. Staging variables not scored quantitatively.
University of Chicago system for papillary carcinoma [15]. Staging variables (part A) not scored quantitatively.
MSK is Memorial Sloan Kettering system [16,5] for papillary and follicular thyroid carcinoma, not scored quantitatively.Low risk: age <45, tumor
<1–4 cm, M0, low grade histology. Intermediate risk: age < 45, tumor <1–4 cm, M0 low grade. Intermediate age ≥ 45, tumor >4 cm or invasive,
M1 and/or high grade. High risk: age ≥45, tumor >4 cm or invasive, M1 and/or high grade.
The Ohio State system for papillary or follicular carcinoma [3]. Staging not scored quantitatively.
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[9]. This explains why none of the risk strati-
fication schemas provide sufficient information
to make therapeutic decisions for individual
patients regarding the extent of surgery. Their
main use lies in stratifying patients in epidemi-
ological studies to permit comparisons of dif-
ferent patient cohorts.

Survival and Relapse Rates Using
Scoring Systems
Mortality rates from DTC are so low for patients
under 45 years of age that thousands of patients
must be studied to get a clear picture of the fea-
tures that affect cancer-specific mortality rates
[17]. Conversely, tumor relapse is so common 
as to provide a clear endpoint with which to
analyze therapeutic efficacy. For example, Hay et
al. [18] reported in 1987 that patients treated at
the Mayo Clinic for low risk papillary thyroid
cancers (MACIS score £3.99) had no improve-
ment in survival rates after undergoing more
than ipsilateral lobectomy and accordingly con-
cluded that more extensive surgery was indi-
cated only for those with higher MACIS scores.
In 1998, however, Hay et al. [19] reported the
results of a study designed to compare cancer-
specific mortality and recurrence rates after
unilateral or bilateral lobectomy for patients
with papillary cancer considered to be low risk
by AMES criteria. In this analysis, although
there were no significant differences in cancer-
specific mortality or distant metastasis rates
between the two groups, the 20-year rates for
local recurrence and nodal metastasis after 
unilateral lobectomy were 14% and 19%,
significantly higher (P = 0.0001) than the 2%
and 6% rates seen after bilateral thyroid lobe
resection. On the basis of these observations,
Hay et al. [19] recommended bilateral thyroid
resection as the preferable initial surgical
approach to patients with low risk papillary
cancer. Some [4,20] do not concur with this
view, justifying lobectomy alone for nearly all
patients with papillary and follicular thyroid
cancer on the basis of the low mortality rates of
these tumors and high complication rates with
more extensive thyroidectomy [4,21]. The vast
majority of patients are categorized as being at
“low risk” by the AMES, MSK, TNM, and MACIS
classifications systems in which age is used to
stratify risk.

Further insight into this issue comes from
analyzing a recent large DTC outcome study
[17] in which the 10-year relative survival rates
for 53 856 patients with thyroid carcinoma
treated in the USA between 1985 and 1995 were
93% for papillary carcinoma, 85% for follicular
carcinoma, and 76% for Hürthle cell carcinoma.
Still, over half the deaths from thyroid cancer
were caused by papillary carcinoma, the tumor
with the best long-term prognosis [17]. It is
difficult to predict who will die from these
tumors.

Aggressive disease may occur in patients who
appear to be at low risk at the time of diagnosis
[14,17]. Hundahl et al. [17] reported 96% and
68% relative 10-year survival rates for patients
with papillary carcinoma. However, when 9369
of the patients with papillary thyroid carcinoma
in this series were stratified according to the
AMES criteria (Age, Metastases, Extent, Size,
Table 12.1) [12], almost 94% of them (8770)
were categorized as “low risk” while only 599
were classified as “high risk.” Ten-year relative
survival rates in the two groups, respectively,
were 96% and 68%; however, almost two thirds
of the cancer deaths occurred in the “low-risk”
group – patients who are expected to survive –
because they outnumbered high risk patients by
16:1 [17]. This is true of virtually all the scoring
systems that use patient age as a principal 
factor to predict prognosis. It underscores how
difficult it is to know a patient’s potential for an
adverse outcome and the tumor status before
there has been a careful assessment of the
response to initial surgery and thyroid 131I
remnant ablation. The rigid application of
staging systems in support of conservative
treatment for low risk patients thus may lead to
inadequate initial therapy in a relatively large
number of patients.

Current Opinion Concerning
Initial Therapy
When such great emphasis is assigned to the
patient’s age, the relative importance of tumor
stage is substantially diminished. This concept,
however, does not appear to be widely accepted
among practicing physicians because young
patients with low prognostic scores often have
tumor recurrence [22]. At an international 
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consensus conference in 1987, only five of 160
participants treated younger patients more con-
servatively [23]. Similarly, in an international
survey of thyroid specialists done in 1988 [24],
and in a survey of clinical members of the
American Thyroid Association done in 1996
[25], age was not used by the majority of respon-
dents in their therapeutic decisions. Current
recommendations for the treatment of children
now suggest the same therapy – total thyroidec-
tomy and 131I remnant ablation – as that given
to adults with similarly staged tumors [22].

Practice in US and European
Hospitals
Two large clinical studies shed even more light
upon the current practice. A study of 5583 cases
of thyroid carcinoma treated in over 1500 hos-
pitals in the USA during 1996 found that total or
near-total thyroidectomy was performed in the
vast majority (~75%) of patients with DTC [26],
almost all of whom were at low risk according
to their TNM status. After surgery at least half
were treated with 131I and were given thyroid
hormone to suppress thyroid-stimulating
hormone (TSH), although the rates of these
medical treatments were underreported in the
study. A report from Germany [27] of 2376
patients with DTC treated in 1996 indicated that
total thyroidectomy was performed in about
90% of the patients and that 131I was almost
always administered postoperatively (74% pap-
illary, over 90% follicular). Lymph node dissec-
tion was performed in 22% of those with
papillary carcinoma.

The Efficacy of Total or Near-Total
Thyroidectomy in the Treatment 
of DTC
Many surgeons perform an operation called
near-total thyroidectomy, but its definition is
open-ended, leaving much doubt as to the actual
extent of surgery and the amount of thyroid
tissue left behind. For this reason, the National
Cancer Center Network guidelines [28] on the
treatment of thyroid cancer avoid this term. In
practice, many patients have substantial thyroid
remnants when evaluated by thyroid ultra-
sonography and thyroglobulin (Tg) determina-

tions even after reportedly undergoing total
thyroidectomy. Thyroid ultrasound may be
useful when the extent of surgery is in question,
since leaving a thyroid remnant smaller than 
2 g facilitates postoperative 131I ablation.

Relapse Rates and the Extent of
Initial Thyroid Surgery
Recurrence rates are high with large thyroid
gland remnants. Some find that patients treated
by lobectomy alone have a 5% to 10% recur-
rence rate in the opposite thyroid lobe [16,29]
and an overall long-term recurrence rate over
30% (versus 1% after total thyroidectomy and
131I therapy [3]) and the highest frequency
(11%) of subsequent pulmonary metastases
[30]. Higher recurrence rates are also observed
with cervical lymph node metastases and 
multicentric tumors, which also provide
justification for more complete initial thyroid
resection [3].

In one study from the Mayo Clinic [31] of
patients with papillary carcinoma, tumor recur-
rence rates during the first 2 years after surgery
were about fourfold greater after unilateral
lobectomy than after total or near-total thy-
roidectomy (26% versus 6%, P = 0.01). In a 
subsequent report from the same institution,
patients with papillary carcinoma whose AGES
score was 4 or more had a 25-year cancer mor-
tality rate almost twice as high after lobectomy
than after bilateral thyroid resection (65%
versus 35%, P = 0.06) [18]. In a study of AMES
low risk patients from the same institution, 20-
year rates for local recurrence and nodal metas-
tases were, respectively, 14% and 19% after
unilateral lobectomy, and 2% and 6% after bilat-
eral lobar resection (P = 0.001), leading the
authors to conclude that bilateral lobar resec-
tion represents the preferable initial surgical
approach to patients with low risk papillary
thyroid carcinoma [19]. In another study of
patients with papillary carcinoma [15], near-
total thyroidectomy decreased the risk of death
from tumors larger than 1 cm and decreased the
risk of recurrence as compared with lobectomy
or bilateral subtotal thyroidectomy.

We found recurrence and cancer death rates
were both about 50% lower after near-total or
total thyroidectomy as compared with less
surgery in patients with stage II and III tumors
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(Figures 12.2 and 12.3) [3], and that surgery
more extensive than lobectomy was an inde-
pendent variable that by multivariate analysis
reduced the mortality rate of thyroid carcinoma
by 50%. Moreover, the differences in outcome
between total thyroidectomy and lobectomy
cannot be resolved by 131I therapy (Figure 12.1).
Thus, there is abundant evidence that micro-
scopic residual disease remaining after initial
surgery leads to high recurrence and carcinoma
mortality rates.

Current Guidelines for Surgery
Current guidelines on the treatment of DTC
from the USA [32] and Europe [33] advise total

or near-total thyroidectomy followed by 131I
ablation of the thyroid remnant for most
patients. Although the treatment of children has
been more controversial, many now recommend
that they be treated the same as adults [22].
Thus, when the diagnosis of thyroid cancer is
known preoperatively total or near-total thy-
roidectomy should be done for nearly all
patients [34] because it improves disease-free
survival, even in children and adults with low
risk tumors [19,35–37]. Lobectomy alone is ade-
quate surgery for papillary microcarcinomas
provided the patient has not been exposed to
radiation and has no other risk factors, includ-
ing a familial predisposition to the tumor, and
the papillary carcinoma is smaller than 1 cm

Figure 12.2 Tumor recurrence after subtotal or total thyroidectomy (see Figure 12.1 legend for explanation of surgery). (Drawn from
the data of Mazzaferri and Kloos [2].)
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and is unifocal and confined to the thyroid
without vascular invasion (see Chapter 29)
[3,38,39]. The same is true for minimally inva-
sive follicular cancers smaller than about 2 cm.
A large thyroid remnant, however, hampers
follow-up with serum Tg determinations and
whole-body 131I scans and the decision to forgo
complete thyroidectomy should be made in con-
sultation with the patient, who must be
informed of the difficulty in follow-up when
lobectomy alone is performed.

Thyroglossal Duct Cyst Carcinomas
Small papillary carcinomas that arise in a thy-
roglossal duct remnant are typically encapsu-

lated by the cyst and usually are not recognized
until the permanent histological sections are
reviewed [40]. When the clinical diagnosis of a
thyroglossal duct cyst is made, the workup
should include an ultrasound examination and
fine-needle aspiration cytology in order to plan
the correct surgery for a possible carcinoma
[41]. Dissection of the tract and removal of the
hyoid bone (Sistrunk operation) is adequate for
most patients because these tumors rarely
metastasize [42]. However, one study found a
high incidence of intrathyroidal carcinomas in
such cases, some with aggressive behavior,
suggesting that total thyroidectomy may be
justified [43]. Treatment must be tempered by
the patient’s age and the size and extent of the

Figure 12.3 Cancer-specific mortality after subtotal or total thyroidectomy (see Figure 12.1 legend for explanation of surgery).
(Drawn from the data of Mazzaferri and Kloos [2].)
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tumor [44]. It is difficult to justify anything
more than a Sistrunk procedure for a young
person with a small (<1 cm) tumor confined to
a thyroglossal cyst and an ultrasonographically
normal thyroid. On the other hand, with older
patients and those with invasive or metastatic
tumor or histological features that portend a
poor prognosis, or following head and neck
irradiation, or with a malignant tumor in the
thyroid gland, the more classic approach of total
thyroidectomy and 131I therapy seems warranted
[44].

Completion Thyroidectomy
Residual tumor is common in the contralateral
thyroid lobe but cannot be predicted on the
basis of the tumor size in the ipsilateral lobe 
or the presence of regional lymph node metas-
tases [45] but is more likely if there are multiple
tumors in the ipsilateral thyroid lobe and if
the serum thyroglobulin level is very high 
[46]. Completion thyroidectomy should be 
considered for tumors that have the potential
for recurrence because large thyroid remnants
are difficult to ablate with 131I [47] and almost
always leave the serum thyroglobulin detectable
[48]. Completion thyroidectomy has a low 
complication rate and is appropriate to perform
routinely for tumors 1 cm or larger because
about half the patients have residual cancer in
the contralateral thyroid lobe [49–53]. This is
more common when the tumor is familial,
or when it is associated with head and neck 
irradiation or other familial syndromes (see
Chapter 1).

When there has been a local or distant tumor
recurrence after lobectomy, residual cancer is
found in over 60% of the excised contralateral
lobes. A study of irradiated children from Cher-
nobyl with thyroid cancer that had been treated
by lobectomy found that 61% had unrecognized
lung or lymph node metastases that could only
be identified after completion thyroidectomy
had been performed [37]. In another study,
patients who underwent completion thyroidec-
tomy within 6 months of their primary opera-
tion developed significantly fewer lymph node
and hematogenous recurrences and survived
significantly longer than those in whom the
second operation was delayed for longer than 6
months [53].

What the Internist Should
Know about Thyroidectomy
Preoperative Assessment

The preceding part of the chapter explains the
rationale for partial versus total thyroidectomy.
Essentially, a total thyroidectomy is performed
for all cases of known cancer, for bilateral
enlarged goiter with compressive symptoms 
or severe problems with cosmesis, and for
certain cases of hyperthyroidism. Hemithy-
roidectomies are performed for thyroid nodules
of indeterminate cytology with negative frozen
sections intraoperatively and for unilateral
goiters.

The new patient visit starts with the history.
While almost all patients with thyroid cancer
are euthyroid, surgery is performed on patients
with large goiters who might be hypothyroid
and occasionally on patients with hyperthy-
roidism who are not amenable to medical
control. Any previous neck operations must be
understood in detail to elucidate the altered
anatomy the surgeon will encounter. Important
questions are used to delineate their clinical
thyroid status (heat/cold intolerance, skin
changes, hair changes, cardiovascular status,
and bowel changes) and also to investigate for
possible multiple endocrine neoplasia (MEN)
syndrome with vasoactive tumors of the adrenal
glands. For cancer patients, a 1-year history of
any excess iodine exposure, especially com-
puted tomography (CT) scans, is obtained to
assess how long postoperative radioactive
iodine may need to be delayed. This will be
checked with 24-hour urine iodine levels prior
to administration of 131I. Present medications
are checked for drugs influencing thyroid
metabolism such as Synthroid, PTU, lithium,
and for anticoagulants. Anesthesia risk factors
are searched for such as significant cardiopul-
monary history/symptoms, history of thyro-
toxic storm, previous or family reactions to
anesthesia.

The physical examination centers on any
compressive symptoms such as dysphagia and
dysphonia, the function of the recurrent laryn-
geal nerve (RLN), the lymph nodes in the neck,
and the parathyroid function. The low anterior
neck is palpated first to evaluate the thyroid 
and any nodules, their nature as to fixation of
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the gland, and any substernal component. The
lateral neck is palpated to evaluate for any clin-
ically obvious lymph nodes. We prefer to do this
from behind the patient so as to feel beneath the
sternocleidomastoid muscle and to be able to
compare both sides of the neck simultaneously.
The vocal cords are then evaluated either by
indirect laryngoscopy or directly by using the
flexible laryngoscope. The vocal cords may have
either diminished mobility or complete paraly-
sis from compression of the RLN (less common)
or direct invasion of the nerve. Even if the
patient has no hoarseness, it is imperative that
the cords are visualized as slow compression of
the RLN may have allowed the contralateral
cord to compensate for the paretic cord. Finally,
a rough estimate of the patient’s calcium level is
obtained by performing Chvostek’s test by
tapping in the pretragal area; a positive test is
an involuntary twitch of the lips. Up to 10% of
patients who are normocalcemic will have a
positive Chvostek’s test. Trousseau’s test is more
specific and is performed by occluding the
brachial artery with a blood pressure cuff for 3
minutes. A positive test is carpopedal spasm.

Diagnostic tests include an ultrasound per-
formed by an endocrinologist or someone
equally skilled in this examination, thyroid
function tests, calcium level, and a hematocrit
and chest X-ray if appropriate for surgery. CT
scans are avoided if cancer is suspected due to
the heavy iodine load in the contrast agent.

Primary Thyroidectomy
An incision is made in a skin crease about 2 cm
cephalad to the clavicles. Once a surgeon gains
more experience with this procedure, the trans-
verse incision decreases in length from about 8
cm to about 4–5 cm. This generally results in an
imperceptible scar, and negates the benefits of
endoscopic assisted thyroidectomy, a much
more complex and lengthy procedure. Superior
and inferior flaps are raised in a subplatysmal
plane. These really only need to be done in
between the sternocleidomastoid muscles as
more lateral dissection does not improve visu-
alization. This is the basis for reducing the size
of the incision to 4 cm in primary cases.

The strap muscles are separated in the
midline and elevated off of the thyroid gland.
Only in rare circumstances (extremely enlarged
goiter, direct cancer invasion) are the strap

muscles divided. These muscles assist in swal-
lowing and so are preserved intact when possi-
ble. The thyroid gland is now exposed.We prefer
to divide the superior pole vessels primarily, as
this allows improved mobilization of the thyroid
gland and facilitates dissection of the RLN. The
initial step is to separate the thyrotracheal fascia
between the medial aspect of the superior pole
and the upper trachea and larynx. Blunt dissec-
tion forms a plane between these structures that
allows mobilization of the superior pole, allow-
ing it to be brought inferiorly into the surgical
field. This mobilization is another method 
that permits the use of small incisions. The ex-
ternal branch of the superior laryngeal nerve
can usually be seen entering the cricothyroid
muscle. Blunt dissection ensures that it is free of
the superior thyroid artery and veins as they
enter the thyroid gland. The vascular bundle is
divided and ligated, allowing the superior pole
to be mobilized inferiorly and medially.

Dissection on the thyroid capsule inferiorly
encounters the middle thyroid vein, which is
now divided. The gland is now freely mobile in
its superior half, facilitating further dissection.
Medial retraction on the gland exposes the
fibrofatty plane between the carotid artery and
the trachea. Blunt dissection just above the 
most inferior aspect of the gland and at approx-
imately a 60-degree angle referenced to the
trachea will quickly expose the pulsating 
inferior thyroid artery. This can be followed
medially. Just lateral to the tracheoesophageal
groove, the RLN follows a course of variable ref-
erence to the artery: generally deep but it can
also intertwine or be superficial to it. At this
time the parathyroid glands can usually be
identified. As long as meticulous dissection 
has freed all tissue of the thyroid capsule, the
parathyroid glands are generally found within a
2 cm circumference based at the junction of the
inferior thyroid artery and the RLN. The nerve
is then followed to its entry into the larynx near
the cricothyroid joint. During this dissection,
it is imperative to make sure the parathyroid
glands retain their vascular supply. It is quite
easy to expose the nerve and leave the parathy-
roid glands medially, thus robbing them of their
blood supply resulting in hypoparathyroidism.

As the nerve enters the larynx, there is rou-
tinely a fine tongue of thyroid tissue that is 
intimately involved with the nerve. Careful dis-
section in this area will reduce the amount of
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residual uptake seen in posttreatment 131I scans.
Also, there are several thin-walled vessels that
accompany the nerve and gland in this area
which bleed persistently until controlled. It is
important to use bipolar cautery in this region
to prevent damage to the RLN by the dissipated
energy from a unipolar cautery. Once the nerve
has been dissected free, the inferior thyroid
veins are ligated and unipolar cautery is used to
free the gland from the trachea (separate Berry’s
ligament). If a cancer operation is to be per-
formed, the contralateral lobe is dissected simi-
larly. If there is doubt as to the pathology of the
lesion, it is sent for frozen section. If cancer
cannot be confirmed, then the isthmus is dis-
sected free and a right angle clamp is passed
between the isthmus and the contralateral 
lobe. The ipsilateral lobe and isthmus is then
removed and the stump of thyroid is suture
ligated.

The wound is copiously irrigated and metic-
ulous hemostasis is achieved. Small suction
drains can be placed with no deleterious effects
to the RLN, but they are not always necessary.
We now close our wounds with 4-0 Vicryl
sutures to reapproximate the platysmal layer
and then 4-0 Biosyn subcuticular sutures. This
allows the patient to have no sutures removed,
reduces the chances of hypertrophic scar, and
once a Tegaderm dressing is applied, lets the
patient shower in the first postoperative day.

Enlarged Thyroid Goiters
Depending upon how massive the enlargement
is, various techniques may need to be employed
to obtain access and deliver the gland. The
patient must be placed in as much cervical
extension as is safe to passively pull the thyroid
out of the chest and into the neck as far as pos-
sible. The skin incision is generally larger, and
extends at least from the medial aspects of the
sternocleidomastoid muscle on each side of the
neck. The subplatysmal flaps are sometimes
raised to the level of the hyoid bone. Removing
the strap muscles can be difficult as they are
stretched, thin, and overlie engorged veins.
Careful dissection is a must to prevent bleeding.
If the superior aspect of the gland is enlarged,
then the strap muscles are separated as superi-
orly as possible (they are innervated via the ansa
hypoglossi which enters inferiorly). The supe-
rior laryngeal nerve is at great risk in massively

enlarged goiters, as the nerve has been found
even lateral to the superior pedicle in normal
size glands. Careful dissection will normally
find the nerve in the cricothyroid space, but it
can run intramuscularly 20% of the time and
not be easily identified. Once the superior pole
is mobilized and access to the lateral and then
posterior aspect of the gland is achieved, the
lower pole of the gland is finger-dissected and
literally pulled out of the chest. Once it is deliv-
ered into the neck, the RLN is then found in 
the usual manner. We have dissected goiters
abutting the aortic arch in this manner. It 
is extremely unlikely that a sternal split will be
needed to remove the gland in these cases.
Thyroid cancers with a substernal component
are a different case; they often have extrathy-
roidal spread and do not bluntly dissect easily.

Revision Thyroidectomy
This operation is one of the most difficult of the
thyroid operations. To one degree or another,
the pristine surgical planes have been violated,
which greatly increases the odds of damage to
vital structures: RLN, parathyroid glands,
trachea, and esophagus. The first step is to get 
a clear understanding of the previous opera-
tion. If the contralateral lobe was resected for 
a nodule of indeterminate pathology and
returned as cancer, returning to the operating
room within the week is imperative so as to
access the remaining lobe before the scarring
sets in. If a different surgeon operated on the
first side, then the details of the operation are
needed, especially to ascertain if the RLN and
parathyroids were already dissected on the
remaining side. Even through scar, the impor-
tant structures may once again be dissected free,
but a wider exposure is needed and the surgeon
must prepare for a longer, more tedious dissec-
tion. Also, active monitoring of the RLN with 
a specialized probe on the endotracheal tube
must be considered to increase the likelihood of
safely finding the nerve.

Recurrent Cancer
Whether it has been 6 months or 50 years, recur-
rent thyroid cancer poses a special problem. If
an adequate operation was performed at the
initial setting, then the RLN and the parathy-
roids have been dissected and now are incor-
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porated into a scar of varying thickness. The
recurrences most often show up in the tra-
cheoesophageal groove from the level of the
thyroid cartilage (level III) to the thoracic inlet
(level VI). Often it is unclear if the tumor has
obliterated a lymph node or if it has recurred in
the soft tissue. The distinction is important as
the soft tissue recurrence may need external
beam radiotherapy for ultimate cure and the
lymph node recurrence will need an ipsilateral
neck dissection. The surgery can be as techni-
cally challenging as the revision thyroid case,
but is more consistently difficult as the nerve on
both sides has almost always been previously
dissected. Tumor can reappear in the superior
mediastinum also, and as long as it does not
have significant extracapsular spread, this can
be removed via a transcervical approach by
cleaning the root of the carotid arteries to the
innominate artery.

Lymph Node Metastases
There is much debate about the need for 
neck dissections in well-differentiated thyroid
cancer. Some retrospective reviews have
reported that lymph node metastases do not
impact on the overall survival of this disease
(with one older report showing an improvement
in survival in patients with lymph node metas-
tases, though this was not controlled for patient
age). Other prospective reports have shown a
slight survival benefit in bilateral neck dissec-
tions for papillary cancer. Common practice lies
somewhere in between these extremes. The days
of the “lumpectomy” are fading away, being
replaced by the functional neck dissection for
any patient with a node-positive neck. The func-
tional neck dissection usually includes all of the
node-bearing tissue in the anterior neck except
for the submandibular triangle (level I). Most
important to dissect is level VI, or that area
between the omohyoid muscles, inferior to the
thyroid cartilage, and superior to the thoracic
inlet. All major neurovascular structures and
muscles are left intact. The difference from the
classic “radical neck dissection” is that the 
latter sacrifices the sternocleidomastoid muscle,
internal jugular vein, and the spinal accessory
nerve while dissecting levels I through V.

Dissecting level VI in the functional neck
carries with it the high possibility of devascu-
larizing the parathyroid glands. When possible,

an intact parathyroid should have its distal 
pole biopsied while leaving the rest attached to 
the vascular stalk. Once this is confirmed as
parathyroid tissue, then it may be safely pre-
served while the rest of level VI is removed.

Our incision for these cases has changed from
the “hockey-stick” design (mastoid to posterior
border of the inferior sternocleidomastoid
muscle (SCM), then horizontally across to
midline) to just taking the standard thyroid
incision and extending it laterally in a skin
crease. Subplatysmal flaps are raised to above
the hyoid bone and the digastric muscle is
exposed. The hypoglossal nerve is then identi-
fied lateral to the digastric muscle and followed
toward the skull base. The fascia overlying the
SCM is then incised and is removed from this
muscle. During this maneuver, the spinal acces-
sory nerve (cranial nerve (CN) XI) is identified
and freed of all soft tissue in between the digas-
tric muscle and the SCM. Level IIB, or that tissue
posterosuperior to CN XI, anterior to the trape-
zius, and lateral to the internal jugular, is freed
and passed underneath CN XI. The lymphatic
tissues in levels II to V are then removed off the
deep cervical fascia, leaving the cervical sensory
nerves intact and taken anteriorly over the
internal jugular vein. The tissues are then taken
off of the vagus and carotid, then brought ante-
riorly to the level of the omohyoid and removed.
Level VI is dissected separately with the warn-
ings as noted above.

Tracheoesophageal Invasion
Well-differentiated thyroid cancer is often
thought of as an indolent cancer that rarely
results in death. While this is mostly true, this
disease can present in a serious manner. With
symptoms of pain, dysphagia, dyspnea, hoarse-
ness, and occasionally hemoptysis, aggressive
local invasion can be very hard to resect, recon-
struct and cure. A basic tenet of surgery for tra-
cheoesophageal invasion is that if there is no
penetration into the lumen of either structure,
then the tumor should be “shaved off” the exter-
nal surface. For the esophagus, this usually
means dissecting deep to the pharyngeal con-
strictor muscles. For the trachea, it is often 
necessary to remove a partial thickness of the
tracheal rings. Usually in these cases the RLN
must be sacrificed to remove as much of the
gross tumor as possible. If all gross tumor has
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been removed, reasonable cure rates may be
obtained with the use of postoperative radioac-
tive iodine and external beam therapy.

For those tumors that perforate a viscus,
every attempt must be made to do a full-thick-
ness resection. Tracheal resections (after mobi-
lization of the RLN if possible) can be repaired
by either auricular cartilage or costochondral
grafts or sometimes by direct reapproximation.
Laryngeal invasion can be resected by either a
partial or total laryngectomy with anything
from direct closure to a radial forearm free flap
reconstruction to make a functional neo-larynx.
A tracheotomy is usually required for postoper-
ative ventilation, but decannulation is attempted
as soon as possible to allow for a return to their
premorbid status. Finally, esophageal invasion
sometimes must be resected with a partial or
total pharyngectomy and closure with a myocu-
taneous (pectoralis major) flap or vascularized
fasciocutaneous flap (anterolateral thigh, lateral
arm, or radial forearm) or vascularized jejunum
flap. Reconstruction usually permits a normal
or near normal diet after extensive swallowing
therapy.
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Introduction
The majority of patients with differentiated
thyroid cancer have papillary carcinoma and
most are treated by total thyroidectomy. Metas-
tases to the regional cervical lymph nodes are
relatively common and occur early on. It has
been reported that the incidence of palpable
neck metastases in papillary carcinoma is
between 15% and 40%, and up to 90% have
occult disease [1–4]. The incidence of neck
metastases is higher in children [2]. Of those
patients who have total thyroidectomy, between
10% and 15% subsequently develop palpable
neck disease over the next 5 to 10 years [1,5,6]
and recurrent disease in lymph nodes accounts
for 60–75% of all neck recurrences [7]. Lymph
node metastases from follicular carcinoma are
less common and occur in less than 20% of
cases [2].

Although the incidence of occult neck disease
is high in papillary carcinoma, its prognostic
significance is unclear. This is because its
natural history is not known as many patients
are treated with radioactive iodine [1], and 

there is no rationale for elective neck dissection
as there is with head and neck squamous carci-
noma [8]. The prognostic factors in differenti-
ated thyroid cancer are shown below. Physicians
and surgeons have no control over patient and
tumor factors but can influence the manage-
ment (Table 13.1) [9].

The presence of palpable regional cervical
lymphadenopathy is a poor prognosis in elderly
patients, and in those with bilateral and medi-
astinal disease [1]. Some studies have shown 
no difference in survival between node-positive
and node-negative patients [10] but fail to
acknowledge that palpable disease occurs more
commonly in younger patients. In addition, in
those studies that showed unfavorable outcomes
for patients with metastatic neck disease, age
and regional recurrence were not taken into
account and such variables should be included
in further studies [11–13]. Another problem 
is distinguishing between local recurrence at 
the primary site and that in a level VI lymph
node within the central compartment of the
neck.

Palpable cervical metastases can occur at any
age and are not related to the size of the primary
tumor [1,14,15] and in one series, 32% of
patients with papillary microcarcinoma had
cervical nodal metastases at presentation [14].
Follicular carcinoma usually metastasizes by the
blood route and lymph node metastases occur
in less than 20% of patients [2]. It is the more
aggressive, widely invasive follicular carcinomas
that tend to spread, not only locoregionally but
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Search strategy: A Medline search was carried out from 1970
to 2003 supplemented by searches on the Cochrane Library
and a number of Worldwide Web resources which included
cancerlit and cancernet. The following key words were used:
Differentiated Thyroid Cancer, Cervical Lymph Nodes,
Surgery.
Levels of evidence: Levels of evidence are mainly II/III and
the clinical recommendations are predominately B/C.



150 Practical Management of Thyroid Cancer

also to distant sites, and they are associated with
a worse prognosis.

The main controversies in the management of
cervical lymph nodes in differentiated thyroid
cancer are listed in Table 13.2.

Lymph Nodes
There are 500 lymph nodes in the body and of
these, 200 are in the head and neck region [16].
In the lateral compartment of the neck, these
lymph nodes are divided into a superficial
lymph node system (Waldeyer’s external ring)
and a deep system (the cervical lymph nodes
proper). These cervical lymph nodes proper are
further divided into levels I to V [17,18] and
within the central compartment of the neck
there is an anterior visceral compartment group
(level VI) and a group within the upper anterior
mediastinum (level VII).

Superficial Lymph Node System
(Waldeyer’s External Ring)
The lymphatic drainage of head and neck tissue
is divided into superficial and deep systems and
usually, but not always, the passage of lymph 
is lateralized and sequential and follows a
predefined route from superficial to deep. The
superficial nodal system, which drains the

superficial tissues, consists of two circles of
nodes, one in the head and the other in the neck.
In the head, the nodes are situated around the
skull base and are known as the occipital,
postauricular, parotid or preauricular and then
buccal or facial nodes. They are in continuity
with the superficial nodes in the upper neck
consisting of the superficial cervical, sub-
mandibular, and submental nodes, along with
the anterior cervical nodes. These latter nodes
are situated along the external jugular vein 
and the anterior jugular veins, respectively. This
superficial system receives drainage from the
skin and underlying tissues of the scalp, eyelids
and face, along with Waldeyer’s internal ring
(lymphatic oropharyngeal tissue consisting of
the pharyngeal, tubal, and lingual tonsils), nasal
sinuses, and oral cavity.

Deep System (Cervical Lymph 
Nodes Proper)
The deeper fascial structures of the head and
neck drain either directly into the deep cervical
lymph nodes or through the superficial system
first and then into the deep system. These
superficial nodes have already been described.
The deep cervical lymph nodes proper (Figure
13.1) consist of the junctional nodes, the upper,
middle, and lower cervical nodal groups which
are situated along the internal jugular vein, the
spinal accessory group which accompanies 
the accessory nerve in the posterior triangle, the
nuchal nodes, the visceral nodes in the midline
of the neck, and nodes in the upper medi-
astinum. The junctional nodes represent the
confluence of nodes at the junction of the pos-
terior part of the submandibular triangle with
the retropharyngeal nodes where they meet at
the junction of the upper and middle deep cer-
vical nodes.

Table 13.1 Prognostic factors associated with thyroid cancer

Patient factors Tumor factors Management factors

Age Tumor size Delay in therapy
Sex Tumor histology Extent of surgery

Nodal metastases (in elderly patients) Experience of the surgeon
Local invasion Thyroid hormone therapy
Distant metastases Treatment with postoperative radioiodine

No control No control Control

Source: Adapted from Moosa and Mazzaferri [9].

Table 13.2 The main controversies in the management of
cervical lymph nodes in patients with differentiated thyroid
cancer

• Assessment and staging
• Surgical management and extent of neck dissection
• Management of invasive and recurrent disease
• Mode of follow-up
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In general, the passage of lymph within these
systems has been well documented using 
lymphography and follows a sequential pattern
from superficial to deep, and from the upper 
to lower parts of the neck [16]. These lower
confluent vessels form into a jugular trunk
which on the right side ends at the junction of
the jugular vein, the brachiocephalic vein or
joins the right lymphatic duct. On the left side,
the trunk will usually join the thoracic duct as
it arches behind the lower part of the carotid
sheath and in front of the subclavian artery to
enter the junction of the internal jugular vein
with the brachiocephalic vein.

Lymph Node Levels
Level I: Submental and 
Submandibular Groups

This consists of the submental group of lymph
nodes within the triangle bounded by the ante-

rior belly of digastric and hyoid bone, and the
submandibular group of nodes bounded by 
the posterior belly of digastric and body of the
mandible.

Level II: Upper Jugular Group

This consists of the lymph nodes located around
the upper third of the internal jugular vein 
and adjacent spinal accessory nodes extending
from the skull base down to the level of the
carotid bifurcation where the digastric muscle
crosses the internal jugular vein. This point
relates to level of the hyoid bone on a computed
tomographic (CT) scan. It contains the junc-
tional and sometimes the jugulodigastric nodes.
Level II is further subdivided into level IIA,
which is in front of the accessory nerve, and
level IIB, which is behind. This is known as
Suarez’s triangle and contains Suarez’s fat pad
[19].

Level III: Middle Jugular Group

This consists of lymph nodes located around 
the middle third of the internal jugular vein
extending from the carotid bifurcation superi-
orly (bottom of level II) down to the upper part
of the cricoid cartilage (seen on a CT scan) and
represents the level where the omohyoid muscle
crosses the internal jugular vein. It usually con-
tains the jugulo-omohyoid nodes and may
contain the jugulodigastric node.

Level IV: Lower Jugular Group

This consists of lymph nodes located around 
the lower third of the internal jugular vein ex-
tending from the cricoid cartilage down to the 
clavicle inferiorly. It may contain some jugulo-
omohyoid nodes.

Level V: Posterior Triangle Group

These nodes are located along the lower half
of the spinal accessory nerve and the trans-
verse cervical artery. Supraclavicular nodes are
also included in this group. The posterior limit
is the anterior border of the trapezius and the
anterior border is the anterior border of ster-
nomastoid. Level V is further subdivided into
level VA above the omohyoid muscle and level VB

below.

A Junctional nodes
B Internal Jugular nodes
C Spinal accessory nodes
D  Supraclavicular nodes
E Nuchal nodes
F Deep medial visceral nodes

E

D

B

F

A

C

Figure 13.1 The Deep Cervical Lymph Nodes. (From Watkinson
JC, Gaze MN and Wilson JA. Stell & Maran’s Head & Neck Surgery,
page 200, Butterworth Heinemann 2000. Reproduced by per-
mission of Hodder Arnold.)
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Level VI: Anterior Compartment Group
(Visceral Group)

This consists of lymph nodes surrounding the
midline visceral structures of the neck extend-
ing from the hyoid bone superiorly to the
suprasternal notch inferiorly. The lateral border
on each side is the medial border of the ster-
nomastoid muscle. It contains the parathyroids,
the paratracheal and pretracheal, and the peri-
laryngeal and precricoid lymph nodes.

Level VII

This contains the lymph nodes in the upper
anterior mediastinum as well as the thymus
gland. The lymph node levels are shown in
Figure 13.2.

The above drainage patterns apply only to the
non-violated neck. Once the natural history of
the disease is altered, lymph node metastases
can occur anywhere. This explains why the
operation of selective neck dissection is only
applicable in the previously untreated neck.
An incision in the neck for a nodal biopsy can
alter patterns of lymphatic drainage for up to 
1 year following surgery. Further shunting of
lymph with opening up of abnormal channels

occurs when more extensive surgery and radio-
therapy are undertaken, and once a malignant
lymph node is palpable, there may be shunting
of cells to the contralateral neck. All of these
factors play a part in the management of neck
disease and need to be borne in mind when
assessing anatomical images following previous
surgery.

Patterns of Spread
The thyroid gland contains a dense network of
intrathyroidal lymphatics which surround the
thyroid follicles and facilitate direct communi-
cation across the isthmus between the two 
lobes of the gland. This explains the multifocal-
ity of papillary thyroid cancer and forms one of
the rationales for total thyroidectomy. This
intrathyroidal lymphatic network then joins
collecting and draining lymphatic trunks
within the subcapsular region of the gland that
run alongside the extensive vascular network
within the thyroid and leave the gland together
with the venous drainage. This results not only
in early multifocal thyroid carcinoma, but 
also in significant locoregional spread [1–4]. It
is not uncommon to have an occult thyroid

Figure 13.2 Lymph node levels in the head and neck. (From Watkinson JC, Gaze MN and Wilson JA. Stell & Maran’s Head & Neck
Sugery, page 201, Butterworth Heineman 2000. Reproduced by permission of Hodder Arnold.)
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microcarcinoma with palpable neck disease
[14,15], but it is uncommon to have a tumor in
one lobe of the thyroid gland and contralateral
neck disease without palpable unilateral neck
nodes [20].

The primary lymphatic drainage from the
thyroid (Table 13.3) can travel in a superior,
lateral, and inferior direction and follows the
vascular pedicles of both the superior and 
inferior thyroid vessels as well as the middle
thyroid vein. The upper poles of the gland
together with the isthmus and the pyramidal
lobe drain superiorly, terminating in the lateral
neck in levels II/III while the lateral aspect of
each lobe drains into level III and IV. The lower
pole of the gland drains into the peri- and para-
tracheal nodes in level VI, and then onto both
level IV and level VII nodes. Lymphatic drainage

may also pass to nodes within the parapharyn-
geal and retropharyngeal spaces, but this
usually tends to occur when other nodes are
involved and shunting occurs, or when there has
been previous treatment with either surgery or
irradiation. It is very uncommon for differenti-
ated thyroid malignancy to present with an iso-
lated metastasis in the parapharyngeal space
[21]. There are also extensive communications
between the lateral cervical lymph nodes in
levels II, III, and IV and the superior medi-
astinum via level VI.

Tumors in the upper pole tend to metastasize
to levels II/III; tumors in the middle third of
the gland spread to the paraglandular and para-
tracheal nodes while those in the lower 
third spread predominately to the paratracheal
nodes. Isthmus tumors spread most often to the
pretracheal nodes [20].

The thyroid gland occupies the central com-
partment of the neck and overlies the second to
fourth tracheal rings. There are a number of
lymph nodes that are not only attached to the
inferior surface of the gland, but also lie within
the perithyroidal region, which includes the
para – and pretracheal regions, and this whole
area is called level VI. It runs from the hyoid
bone down to the suprasternal notch and lies
between the medial borders of the sternomas-
toid muscle and carotid sheath. It contains the
parathyroid glands, as well as the paratracheal
and pretracheal, perilaryngeal and precricoid
lymph nodes. It also contains the recurrent
laryngeal nerves.

Assessment and Staging
The majority of patients with differentiated
thyroid cancer will present with a palpable
goiter and a clinically negative neck (within
both the central and lateral compartments). The
treatment rationale for such patients is dis-
cussed later but in general, since there is no evi-
dence that elective surgery for the N0 (no nodes
palpable) neck improves survival, there are cur-
rently few indications for elective imaging. In
the future, increased use of ultrasound at the
primary site may involve lymph node assess-
ment in level VI and while it provides a guide to
which patients need elective surgery, more of
these patients are now being treated by total thy-
roidectomy and level VI neck dissection.

Table 13.3 Patterns of lymphatic drainage of the thyroid
gland

Major
• Middle jugular nodes – level III
• Lower jugular nodes – level IV
• Posterior triangle nodes – level VB

Minor
• Pretracheal and paratracheal nodes – level VI
• Superior mediastinal nodes – level VII

The lymph node groups at the highest risk of
metastases from differentiated thyroid cancer are in
the central compartment (level VI), lower jugular chain
(levels III and IV), and the posterior triangle (level VB)
(Figure 13.3)

Figure 13.3 First echelon thyroid lymph nodes. (Reprinted from
Shah JP, Head and Neck Surgery & Oncology, 3rd Edition, page
358, Copyright 2003, with permission from Elsevier.)
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The evaluation of patients with differentiated
thyroid cancer involves several modalities
(Table 13.4). Clinical examination of the neck
has a variable reliability with inevitable false-
positive and false-negative rates of around
20–30% [22]. This is compounded by the fact
that many patients have micrometastases which
are often small and therefore impalpable. The
central and lateral compartments of the neck
may be evaluated using the modalities listed in
Table 13.4.

The range of normal or nonpathological cer-
vical neck nodes is from 3mm to 3cm, but for
squamous cell carcinoma of the neck, nodes
greater than a centimeter in size on CT scanning
usually contain metastatic disease. However, for
papillary thyroid cancer, the size criteria are dif-
ferent and metastatic nodes are usually smaller
[23]. There is little evidence in the literature to
justify routine elective imaging of the N0 neck.
Levels I to VII should be clinically evaluated and,
those patients with either palpable or suspected
neck disease, as well as those with proven re-
currence, should be imaged anatomically. When
assessing recurrent disease, it is important to
evaluate both the retropharyngeal and parapha-
ryngeal spaces since patterns of drainage can 
be altered by previous treatment with either
surgery or external beam radiotherapy.

The CT criteria for malignancy include cystic
and hemorrhagic change, calcification, contrast
enhancement, and a hypoplastic appearance
[21]. Imaging can be done with or without con-
trast, but the iodine load from the former will
interfere with subsequent treatment with
radioactive iodine for up to 3 months or some-
times longer. MRI uses similar staging charac-
teristics to CT with regard to malignancy but
usually takes longer and is inferior to CT when
imaging the chest.

Ultrasound is becoming more important in
the primary evaluation of lymph node metas-
tases and in the follow-up of patients treated

with differentiated thyroid cancer. Lymph node
metastases as small as 2 to 3 mm can now be
detected when ultrasonography is performed
with a high frequency probe [24]. Some units
suggest that neck ultrasonography should be
routinely performed in all patients with differ-
entiated thyroid carcinoma at presentation [25]
and this not only includes level VI, but the “at
risk levels” in the lateral compartments (levels
III, IV, and V).

Suspicious nodes tend to be round, hypoe-
choic, and devoid of an echoic central line, with
microcalcifications or cystic components, and
are hypervascular on Doppler ultrasonography
[25].

Following initial treatment, patients are fol-
lowed up with TSH suppression and sequential
thyroglobulin monitoring. In the presence of a
truly positive elevated thyroglobulin, recurrent
disease is assessed with whole-body 131I scan-
ning and anatomical imaging with either CT or
ultrasound. The role of PET in the evaluation 
of cervical lymphadenopathy in differentiated
thyroid cancer is controversial. There is cur-
rently no role in using PET to detect occult
metastases in the N0 neck but it maybe useful
in detecting recurrent neck disease in the pres-
ence of an elevated serum thyroglobulin with
negative 131I scans and anatomical images.

All tumors should be TNM staged. In the past,
the UIIC-AJCC TNM Classification of Malignant
Tumours (5th edn) staged the regional lymph
nodes as described in Table 13.5.

The latest UICC-AJCC TNM classification of
malignant tumors (6th edn) has amended this
as shown in Table 13.6.

Reasons for these changes are that in the past,
little prognostic significance was given to level
VI regional lymphadenopathy, and an emphasis
was placed on prognostic differences between
unilateral and bilateral neck disease, for which
there is now thought to be little evidence (Pro-
fessor J. Shah, personal communication).

Table 13.5 Lymph node staging according to the 5th edition
of the UICC-AJCC TNM classification [26]

N Regional lymph nodes
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Regional lymph node metastasis

Source: UICC-AJCC [26].

Table 13.4 Modalities used to evaluate patients with
differentiated thyroid cancer

• Clinical examination
• CT scan
• MRI scan
• Ultrasound
• Positron emission tomography (PET)
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Treatment Philosophy
Many patients with differentiated thyroid
cancer have metastatic spread within the
regional lymph nodes and for the majority, this
usually represents occult disease [1–4]. Its fre-
quency is related to histology (more common in
papillary thyroid cancer) and to the size of the
primary tumor. The chances of having regional
lymph node metastases with follicular carci-
noma is much lower and occurs in less than 20%
of cases [2].

Lymph node metastases in differentiated
thyroid cancer are often multiple, and of vari-
able size and this is one of the arguments for
selective neck dissection of “at risk levels” rather
than “berry picking” (selective removal of iso-
lated lymph nodes) [20,25]. The latter procedure
has now been shown to have a less favorable
prognosis than formal neck dissection [28]. The
spread of disease is usually ipsilateral [20,25],
and involves progression in an orderly defined
manner from level VI either laterally to levels III
and IV or inferiorly into the mediastinum (level
VII). Spread into level II either occurs from the
superior pole of the thyroid or directly from
levels III and IV. Spread into level I and the
retropharyngeal and parapharyngeal spaces
tends to occur when other levels are involved, or
in the previously treated neck.

Many studies show that lymph node involve-
ment is associated with a significantly higher
risk of both local and regional recurrences and
of distant metastases [1]. It is not clear whether
its presence has an impact on survival because
other prognostic factors are involved. There
does appear to be an increased risk of cancer-
related mortality when lymph node metastases

are extensive, bilateral, located in the medi-
astinum, associated with extensive primary
disease, or when they occur in elderly patients
[1].

In the past, there has been a trend not to
perform elective lateral neck dissection in
patients with differentiated thyroid cancer but
to perform a “berry picking” procedure for pal-
pable disease. There is now strong evidence to
support a formal selective neck/modified radical
neck dissection (dissecting at least levels III, IV,
and VB) in the lateral compartment for palpable
or suspected disease [20,25,28]. This is on the
basis of the high incidence of nodal involve-
ment, and that formal lymph node dissection
facilitates accurate workup of the initial extent
of the disease. Furthermore, a number of studies
have shown improved outcomes with formal
lymph node dissection [25] and in one series,
the 20-year recurrence rate was significantly
reduced after formal lymph node dissection
[29]. In one study, recurrent disease after lymph
node spread from papillary thyroid cancer was
associated with a significant increase in the risk
of death [30]. Surgery is the most effective way
of treating lymph node metastases, and in par-
ticular those nodes in the so-called “coffin
corners” where detection is difficult such as the
retropharyngeal and parapharyngeal spaces,
pre- and paratracheal grooves, and Chais-
saignac’s triangle (Figure 13.4).

The majority of patients have a palpable
goiter and are clinically N0 in both level VI and

Table 13.6 Lymph node staging according to the 6th edition
of the UICC-AJCC TNM classification [27]

N Regional nodes
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Regional lymph node metastasis
N1a Metastasis in level VI (pretracheal and 

paratracheal, including prelaryngeal and 
Delphin lymph nodes)

N1b Metastasis in other unilateral, bilateral, or 
contralateral cervical or upper/superior 
mediastinal lymph nodes

Source: UICC-AJCC [27].
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the lateral neck compartment (levels II–V).
Some workers now argue strongly that at the
time of initial thyroidectomy, level VI should be
routinely dissected [25,31,32], particularly for
high risk disease, although its exact role awaits
clarification [33]. Its use is justified on the basis
that recurrence and reoperation rates may be
reduced and overall survival improved although
there is no prospective evidence to support this.
Indeed, some surgeons extend the dissection to
the ipsilateral supraclavicular area, thereby
allowing elective dissection of the retrovascular
and external part of the jugulocarotid chain, as
well as the transverse superficial chain along the
accessory nerve in level V [25]. This dissection
is performed through a transverse incision and
the operative specimen submitted to frozen
section. Morbidity is said to be low [25] but the
same authors acknowledge that level VI dis-
section increases the risk of hypoparathy-
roidism and recurrent laryngeal nerve palsy
[25]. Although there are no prospective studies
looking at whether there is any increase in com-
plication rates following elective lymphadenec-
tomy of the central compartment, one study
showed that the rates of temporary and perma-
nent hypoparathyroidism following level VII
dissection were 70% and 50%, respectively [34].
In a personal series of 363 total thyroidectomies
from 1993 to 2003 (of whom 147 had a routine
level VI neck dissection for differentiated
thyroid cancer), the incidence of temporary and
permanent hypoparathyroidism was 19% and
1.9%, respectively. In those patients having
lobectomy or total thyroidectomy for malig-
nancy (n = 353), the incidence of temporary and
permanent recurrent laryngeal nerve palsy was
1.4% and 0.9%, respectively. The wound infec-
tion rate was 0.9% and hematoma rate 1.4%.

Patients with differentiated thyroid cancer
(particularly papillary) are at high risk of occult
cervical metastases. The central compartment
(level VI) can be evaluated by both palpation
and elective imaging, and high risk patients
considered for elective neck dissection. Another
alternative would be to consider sentinel node
biopsy. This involves intraoperative surgical
mapping of the first echelon lymph nodes using
an injection of 1% isosulfan blue dye into the
thyroid nodule. Within seconds, the dye can be
seen to pass to the sentinel lymph node. One
study looked at 12 malignant cases (11 papillary,
1 follicular), all of whom had an N0 central com-

partment. Of these, only 5 out of 12 had positive
sentinel nodes and there was one false-negative
and one false-positive result. The problem is this
technique involves injecting the nodule and vio-
lates an oncologically significant area (level VI).
It may also highlight the parathyroids, some-
times leading to their inadvertent removal.
Further studies are awaited but currently elec-
tive neck dissection in high risk patients is
probably safer and more cost-effective than sen-
tinel node biopsy, and proceed to central neck
dissection if the node is positive [35].

How then should we manage our patients?
Several different types of lymph node dissection
may be done in patients with differentiated
thyroid carcinoma (Table 13.7). For those
undergoing a unilateral lobectomy for a suspi-
cious fine-needle aspiration cytology (FNAC)
for a papillary carcinoma, a unilateral level VI
neck dissection may be performed in high risk
patients (those with T3/T4 tumors, children,
males >45 years) which removes the soft tissue
and lymph nodes in that area with preservation
of both recurrent laryngeal nerves, the external
branches of the superior laryngeal nerves and
all the parathyroid glands (Table 13.7). For a
suspected or proven malignancy when a near-
total or total thyroidectomy is being performed,
this procedure is carried out bilaterally. Large
nodules in the isthmus (T3/T4 lesions) require

Table 13.7 Neck dissections performed for differentiated
thyroid carcinoma

• Level VI neck dissection
• Level VII neck dissection
• Selective neck dissection (usually levels IIA to VB; or

levels III and IV, levels III to VB, or levels IV to VB)
• Modified radical neck dissection (type 1) preserving

the accessory nerve (levels I–V dissected)
• Modified radical neck dissection (type 2) preserving

the accessory nerve and the internal jugular vein
(levels I–V dissected)

• Modified radical neck dissection (type 3) preserving
the accessory nerve, internal jugular vein, and
sternomastoid muscle (levels I–V dissected).
Sometimes called a comprehensive neck dissection.

• Radical neck dissection (levels I–V dissected). The
accessory nerve, internal jugular vein, and
sternomastoid muscle are all sacrificed.

• Extended radical neck dissection (levels I–V
dissected). This involves a radical neck dissection
with sacrifice of other structures such as external
skin, digastric muscle, etc.
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bilateral dissection. At the time of surgery for
near-total or total thyroidectomy, levels II, III,
and IV should be palpated. If there is any sug-
gestion of metastatic spread, a frozen section
should be performed and the presence of
metastatic disease indicates the need for an elec-
tive selective dissection of the lateral neck com-
partment. There is confusion in the literature
about which levels should be routinely dis-
sected. One study has shown that in the pres-
ence of palpable disease, nodal involvement is at
a single level in 39% of cases, while 14% of cases
involved four or more levels [36]. The majority
of surgeons will always dissect at least levels III
and IV [31,36; Professor J. Shah, personal com-
munication; Professor C. O’Brien, personal com-
munication] and some also routinely dissect
levels IIA to VB (Professor P. Gullane, personal
communication). In the presence of gross
disease in level IIA, level IIB should be dissected
as recurrent disease at this site is difficult to
treat surgically (Professor J. Shah, personal com-
munication). The author’s preference for palpa-
ble neck disease is to dissect at least levels IIA
to VB (below the accessory nerve) with preser-
vation of the sternomastoid muscle, internal
jugular vein, and the accessory nerve [37]. This
falls just short of a modified radical neck dis-
section type three (comprehensive neck dis-
section) since level I is not usually routinely
dissected, although in one series, approximately
12% of cases had disease at this level [20]. This
procedure may be extended to include level I,
and then one or other of the accessory nerve,
internal jugular vein, or sternomastoid muscle
may need to be sacrificed for more advanced
disease (modified or radical neck dissection).
This is discussed below. Palpable disease in level
VI is treated with a level VI neck dissection.

Treatment of lymph node metastases for fol-
licular carcinoma is treated in a similar way to
the papillary cancer, although there seems little
justification to perform a level VI neck dissec-
tion in the N0 neck as the chance of occult
disease is less than 20%.

Surgical Management
A level VI neck dissection can be done through a
formal thyroid incision and simply involves an
extended total thyroidectomy with removal of
the soft tissue bearing areas of level VI that con-

tains the lymph nodes. The parathyroid glands
are preserved together with the recurrent laryn-
geal nerves and external branches of the superior
laryngeal nerves. The dissection may be facili-
tated by the use of operating loupes and can be
extended using the cervical approach to remove
the lymph node bearing areas of level VII down
to the brachiocephalic vein [30]. This is usually
facilitated by cervical thymectomy. For extensive
disease with possible vascular involvement, a
formal approach to the mediastinum is required
using either a limited or full sternotomy.

The incision for a standard selective lateral
compartment neck dissection is usually best
done with an extended thyroid incision (thyroid
utility: Figure 13.5). This facilitates formal access
to levels II to V (Figures 13.6 and 13.7). Further
access to levels II to IV can be achieved either by
lifting sternomastoid up to dissect beneath the
muscle or (in the author’s preference) by divid-
ing the sternomastoid at its lower end and 

Figure 13.5 Standard thyroidectomy incision with bilateral
thyroid utility extensions.A “W”plasty can be incorporated at the
upper end of the utility incision in order to achieve a better scar.
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Figure 13.6 Schematic outline of central compartment dissec-
tion and a lateral neck dissection, dissecting levels II, III, IV, and
V below the accessory nerve. RLN = recurrent laryngeal nerve.
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elevating it up to improve the exposure.Access to
level VII can easily be achieved with a cervical
approach (Figure 13.8). The accessory nerve is
formally identified in the posterior triangle at
Erb’s point (which is 1cm above where the
greater auricular nerve winds around the poste-
rior border of sternomastoid) and in the
untreated neck there is no need to dissect above
the nerve. Lymph node bearing tissue of the pos-
terior triangle below the accessory nerve (essen-
tially level VB) is removed together with tissue in
levels IIA, III, and IV to include the omohyoid
muscle. Special care is taken to access Chais-
saignac’s triangle, which lies behind the posterior
part of the lower end of the internal jugular vein
(Figure 13.4) and which often contains occult
metastases from differentiated thyroid cancer.

The dissection proceeds in an upward and
medial direction clearing levels IIA to VB with
every attempt made to preserve the sensory
branches of the cervical plexus, although it is
difficult to carry out an adequate selective neck
dissection without sometimes dividing some or
all of these branches. This is the author’s prac-
tice and the technique of routinely taking the
cervical plexus with a selective neck dissection
is well described [38]. For more extensive
disease, level I may have to be dissected and one
or all of the internal jugular vein, sternoma-

stoid muscle, and accessory nerve sacrificed
(modified radical or radical neck dissection).
Very occasionally, other structures have to be
removed (i.e. the digastric muscle, external
skin) and this is an extended radical neck dis-
section. The areas dissected and key steps of a
selective neck dissection (levels IIA–VB) are
shown in Figures 13.9–13.15. In a personal

Figure 13.7 As part of a selective neck dissection, the lymph
node bearing tissue of level V is removed followed by access to
levels II, III, and IV obtained by either retracting or dividing the
sternomastoid muscle. The internal jugular vein and accessory
nerve are also preserved. The cervical plexus is usually divided.
(Reproduced with permission from Johnson JT and Gluckman JL
(eds), Carcinoma of the Thyroid, Oxford: Isis Medical Media, 1999,
page 79.)

Figure 13.8 During a formal total thyroidectomy with level VI
neck dissection, access to level VII can usually be achieved by a
cervical approach. (Reproduced with permission from Johnson
JT and Gluckman JL (eds), Carcinoma of the Thyroid, Oxford: Isis
Medical Media, 1999, page 78.)

Figure 13.9 Lateral utility incision marked out on the skin.



Figure 13.10 Posterior triangle identified with the accessory
nerve having been isolated with a sloop.

Figure 13.11 The sternomastoid muscle has been divided and
retracted superiorly. The accessory nerve is identified with a
sloop and the lymphoid bearing tissue in level V below the nerve
is removed; the dissection is carried forward to remove the
lymph node bearing area in level IV together with the scalene
nodes behind the lower end of the internal jugular vein (Chais-
saignac’s triangle – this area is being pointed to with a pair of
forceps).

Figure 13.12 The dissection is continued superiorly removing
the lymph node bearing tissue in levels III and IIA. The mass is
dissected from the internal jugular vein.

Figure 13.13 The dissection is completed showing from lateral
to medial, the divided lower end of the sternomastoid muscle,
accessory nerve with a sloop around it, the brachial plexus,
Chaissaignac’s triangle, the internal jugular vein, the vagus 
nerve and the common carotid artery. The author’s index 
finger is retracting the trachea medially and the recurrent 
laryngeal nerve can be seen between it and the common
carotid.

Figure 13.14 Final result following total thyroidectomy and
bilateral selective neck dissection (levels IIA–VB).

Figure 13.15 Final result following total thyroidectomy and
bilateral selective neck dissection in the same patient.
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Although bleeding is uncommon following
neck dissection, it can be dramatic. It is usually
either reactionary or secondary and tends to
occur in the first 6 hours following surgery. It
can be kept to a minimum by meticulous 
technique, doubly ligating or ligating and
transfixing named vessels and with the routine
use of drains. Significant bleeding requires
return to theater.

A chyle leak can occur when operating on 
the left side of the neck. The thoracic duct is
particularly vulnerable when dissecting Chais-
saignac’s triangle. Low volume leaks may be
treated conservatively using a low fat diet and
low suction drainage. It may be possible to inject
a sclerosant into the wound (such as tetracycline
or talc) to promote a seal. For those leaks that
are of high volume (greater than 500 ml a day)
or for those that do not settle conservatively,
surgical re-exploration is required. This can be
done through the neck by reopening the wound
when the duct is identified and ligated. The use
of loupes can facilitate the dissection. Alterna-
tively the thoracic duct can be ligated in the
chest by a thoracic surgeon. For those leaks that
are high volume, early exploration is advisable
rather than adopting a conservative approach.
Damage to the jugular lymph ducts can give 
rise to lymphatic leaks which generally settle
conservatively. This can occur bilaterally. A
chyle leak from the right lower neck is very
uncommon but can occur. Seromas occur later
on in the postoperative period (usually follow-
ing drain removal) and are generally treated
conservatively. Some, however, may require
aspiration.

Nerve Injury
There are several nerves that are at risk during
the performance of a neck dissection (Table
13.11). The accessory nerve should be identified
early on as part of the neck dissection. Probably
the best way to find it is at Erb’s point, which is
one centimeter above where the greater auricu-
lar nerve winds round the posterior border of
the sternomastoid. Once identified, it can be iso-
lated with a sloop, and the dissection proceeds
caudal to the nerve. In a certain proportion of
cases, the main nerve supply to trapezius comes

Table 13.9 The key steps for performing a selective neck
dissection in patients with differentiated thyroid carcinoma

• Adequate incision
• Identify levels II, III, IV, and V
• Clearly identify the accessory nerve
• Deal with the sternomastoid muscle
• Dissect corners one and two
• Preserve the internal jugular vein, phrenic nerve and

brachial plexus
• Access Chaissaignac’s triangle
• Finally dissect levels IIA to VB

Table 13.10 The major complications of neck dissections
performed for differentiated thyroid carcinoma

• Temporary and permanent hypoparathyroidism
• Bleeding
• Chyle leak
• Nerve injury
• Wound infection
• Poor scar

Table 13.8 Author’s personal series of patients undergoing
lateral neck dissection for differentiated thyroid cancer
(1994–2004)

Extended radical neck dissection 3
Radical neck dissection 3
Modified radical neck dissection 17
Selective neck dissection levels II to V 44
Selective neck dissection levels III to V 6
Selective neck dissection levels II to IV 4

Total 77

series of 77 neck dissections (Table 13.8), the
hematoma and infection rates were 0.8%. One
patient had an accessory nerve palsy (the nerve
was deliberately divided), and another had a
chyle leak which required re-exploration.

The key steps for performing a selective neck
dissection in differentiated thyroid carcinoma
are shown in Table 13.9.

Complications
Complications relating to neck dissection for
differentiated thyroid cancer can be divided into
early, intermediate and late, local and general.
Important complications of neck dissection are
listed in Table 13.10.
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from the contribution to the accessory nerve
from the cervical plexus. In addition, preser-
vation of the nerve does not guarantee it 
functions postoperatively, presumably due to
devascularization. Damage to the phrenic nerve
and brachial plexus can be avoided by clear
identification of the prevertebral fascia and not
allowing the dissection to proceed below that
structure. The vagus is identified in the carotid
sheath and should not be damaged unless it is
invaded by tumor. The same applies to the
hypoglossal nerve.

It is extremely difficult to carry out a proper
neck dissection without damaging branches of
the cervical plexus, and this includes the greater
auricular nerve. While it may be possible in
some cases to preserve these nerves, given the
need for oncological clearance, and removal of
all involved lymph nodes, it is better to sacrifice
them since this results in minimal morbidity
(loss of sensation over the side of neck and
shoulder).

In general, incisions in the neck that are cor-
rectly placed heal well. Like fine wine, scars
mature but if they are wrongly sited they can
have disastrous results. One of the problems
with using a thyroid utility incision is that in the
upper posterior neck, there is a lack of platysma
so that some of the scars can become hyper-
trophic (Figure 13.16). This can be kept to a
minimum by meticulous surgical technique, a
two-layer closure, keeping the sutures in for 7 to
10 days, and incorporating a “W” plasty in the
upper end of the incision. Generally the scar
(particularly in women) can be hidden within
the hairline but when patients are unhappy with
the final result, scar revision may be performed.

The use of triamcinolone given subcutaneously
can help. Alternatively, a different incision can
be used which involves a higher than usual
collar thyroidectomy incision that is simply
extended across the posterior triangle without
any significant upward extension. This is par-
ticularly useful when access only to levels III,VI,
and VB is required.

The Difficult Neck
In patients with differentiated thyroid cancer,
the management of the neck can be difficult for
a number of reasons. Patients can be difficult to
examine and assess, as well as being difficult to
operate on and follow up. Necks can be difficult
to examine and assess because of either obesity
or previous treatment with surgery or irradia-
tion. Difficult necks to operate on include those
with extensive disease, bilateral disease, those
with mediastinal extension and residual and
recurrent disease following previous treatment.
All the above situations can be difficult to follow
up. Where there is any difficulty arising regard-
ing clinical assessment, anatomical imaging is
mandatory.

Follow-up
The majority of necks are followed up routinely
by clinical examination. The thyroid bed is
examined along with both lateral neck compart-
ments (to include levels I to V). Previous surgery
can alter patterns of lymphatic drainage, so it 
is not uncommon that lymph nodes may be
detected after treatment. Some are benign and
regress over time but those patients whose
lesions persist, or who are at high risk of recur-
rence or have an elevated thyroglobulin will
need further investigation. Some institutions
recommend routine ultrasonography for post-
treatment neck evaluation [7,39] and if a metas-
tasis is suspected, FNAC can be performed
(under ultrasound guidance if indicated) and
the liquid can also be analyzed for thyroglobu-
lin [7,39]. There should be an agreed protocol for
the investigation of those patients who have a
difficult neck to examine and who are 131I nega-
tive and serum thyroglobulin positive.

Table 13.11 The nerves at risk during neck dissection for
differentiated thyroid carcinoma

• Accessory nerve
• Hypoglossal nerve
• Vagus nerve
• Phrenic nerve
• Brachial plexus
• Cervical plexus

Level VI neck dissection only:
• Recurrent laryngeal nerve
• External branch of the superior laryngeal nerve
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Recurrent disease in the treated neck should
be dealt with, where possible, with further
surgery. If a formal neck dissection has not been
previously performed, then this should be 
completed. If it has been done, local resection
suffices with recourse then to further treatment
with radioactive iodine ablation/therapy and
consideration for external beam radiotherapy
when residual macroscopic disease is present.

Conclusion
The majority of patients with differentiated
thyroid cancer have papillary carcinoma and
most will be treated by a near-total or total thy-
roidectomy. Regional metastases to the cervical
lymph nodes are relatively common, occur early
on and are more frequent in children. The inci-
dence of palpable neck metastases in papillary
carcinoma is between 15% and 40% and up to
90% have occult disease. The first echelon
lymph nodes for drainage occur commonly in
levels III, IV,VB,VI, and VII and in the untreated
neck, patterns of lymph node drainage occur in
a recognized, predictable, and systematic
manner so as to facilitate selective neck surgery.

In the N0 neck within the central compart-
ment (level VI), routine dissection should be
considered as part of a total thyroidectomy, par-
ticularly in high risk patients. There is no role
for routine elective surgery in the lateral com-
partment in the N0 neck, and for palpable (or
suspected) disease, a selective neck dissection
should be carried out of at least levels III, IV, and
VB preserving the sternomastoid muscle, the
accessory nerve, and the internal jugular vein.
This operation can be performed with low mor-
bidity, and there is no role for “berry picking.”

Key Points
• The majority of patients with differenti-

ated thyroid cancer have papillary carci-
noma and most are treated by total
thyroidectomy.

• Metastases to the regional cervical lymph
nodes are relatively common and occur
early on.

• The incidence of palpable neck metastases
in papillary carcinoma is between 15% and
40%, and up to 90% have occult disease.

• In the untreated neck, patterns of lymph
node drainage occur in a recognized and
systematic manner, which facilitates selec-
tive neck surgery.

• Lymph node metastases occur commonly
in levels III, IV, VB, VI, and VII.

In the N0 neck in level VI, routine dissection
should be considered as part of a total thy-
roidectomy in high risk patients.

• There is no role for routine elective surgery
in the N0 lateral compartment neck.

• When there is palpable (or suspected)
disease within the lateral neck compart-
ment, a selective neck dissection should be
carried out including at least levels III, IV,
and VB preserving wherever possible, the
sternomastoid muscle, accessory nerve,
and internal jugular vein.

• Selective neck surgery for differentiated
thyroid cancer can be performed with low
morbidity.

• There is no role for “berry picking.”
• Follow-up is for life.
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The concept of patient choice, informed
consent, and risk management is now embed-
ded in surgical practice. The greater availabil-
ity of information for patients through use 
of the internet and the wider acceptance and
recognition by surgeons of the need to have
careful discussions about the pros and cons of
surgery for each patient, coupled with the ever
increasing threat of medicolegal action, have
meant that potential complications from
surgery receive much greater prominence in 
the 21st century than they did in the 20th
century.

Through audit, clinical governance, and risk
management information, the complications
and consequences of surgery have gained in-
creased prominence and now assume equal im-
portance alongside the intended benefits of an
operation.

Complication rates associated with thyroid
surgery and the consequences of thyroid
surgery can be evaluated through follow-up
data, local and national audit initiatives (e.g.
the British Association of Endocrine Surgeons
Audit), and analyses of case series. When
obtaining consent for a procedure and in the
approach to the final decision to move to an
operation, patients should be given information
about commonly occurring complications,
which enables them to make their decision as to
whether or not to proceed based upon a realis-
tic understanding of the complications and the
likely outcome of the operation.

Cosmetic Implications
Patients should be advised about the scar, which
will usually be a transverse cervicotomy per-
formed in a skin crease, either with subcuticu-
lar absorbable stitches or with metal clips [1]. In
most patients the scar will leave a fine line
similar to a crease in the neck, but in some cases
broadening of the scar and keloid formation can
occur. There may be some local reduction in
sensation in the upper or lower skin flaps, which
will gradually improve over the first 9 months
postoperatively, and there may be redundant
skin if there has been an extremely large goiter.
Wound infection following thyroid surgery is
very uncommon [2]. Tethering of the skin of
the neck to the underlying laryngeal cartilage or
trachea can occur, resulting in movement of the
neck skin on swallowing or talking, but this is
an uncommon complication and can be mini-
mized by anatomical closure of the wound at the
end of the operation.

Replacement Therapy
Patients undergoing total thyroidectomy should
be aware that they will need thyroid hormone
replacement therapy. This life-long therapy may
alternate between the use of triiodothyronine
(T3) and levothyroxine (T4) depending on the
need for postoperative scans in the follow-up
period. Patients need to be warned that cessa-

14
Complications of Thyroid Surgery
Thomas W.J. Lennard

165



166 Practical Management of Thyroid Cancer

tion of thyroid hormone replacement therapy
will result in hypothyroidism in approximately
10 days in the case of T3 and approximately 1
month in the case of T4.

Further Surgery and General
Complications
Patients who are undergoing a diagnostic
thyroid lobectomy for a suspicious lesion
should be advised if the diagnosis of carcinoma
is confirmed that a contralateral lobectomy will
almost certainly be required. The above may be
considered consequences of thyroid surgery
rather than true complications but nevertheless
these are important issues that should be dis-
cussed with the patient prior to consent and
operation. In addition, the general complica-
tions or consequences of any operation should
be explained: namely risks associated with
general anesthesia, the already mentioned very
small risk of wound infection, chest infections,
deep vein thrombosis, and pulmonary emboli.

Specific complications related to surgery 
on the thyroid include the risks of bleeding and
the specific consequences of this in the neck,
changes to the voice after thyroid surgery, and
hypoparathyroidism.

Hemorrhage
Bleeding in the neck after thyroid surgery can
lead to compromise of the airway and it is there-
fore a potentially very serious complication.
The overall incidence of bleeding in the neck
reported in the literature is around 1.2% of cases
[2] and although thyroid surgeons would prob-
ably feel that patients with thyrotoxicosis and
large multinodular goiters are more likely to
bleed postoperatively than those with thyroid
carcinoma, this is not borne out in the literature
[3].

Meticulous attention to detail at the operation
with careful identification and control of the
main vessels supplying and draining the thyroid
will minimize the risk of bleeding. The place-
ment of drains into the operative site will not
influence the risk of bleeding, will not always
ensure that bleeding is declared by blood

passing into the drain before it becomes clini-
cally critical, and may mislead the surgeon and
nursing staff into thinking that bleeding is not
happening if the drain is empty. On the other
hand, occasionally drains will allow a prompt
diagnosis of bleeding in the neck and will
relieve pressure within the neck around the
airway if the blood preferentially passes into the
drain. A large dead space left in the neck fol-
lowing the removal of a large goiter would be a
common indication for leaving a drain in place,
usually a closed suction drain. It is important
that the postoperative reception areas and
wards are alert to the possibility of bleeding in
the neck and its early signs and symptoms.
Swelling in the neck, restlessness, stridor or
noisy breathing should all be promptly reported
to the medical staff. The early recognition and
management of bleeding in the neck is essential.
Airway compromise from laryngotracheal com-
pression from wound bleeding requires surgical
evacuation of the hematoma in the neck as a
matter of urgency. The incidence of bleeding in
the neck does not seem to be related to the
number of operations performed by a surgeon
on a regular basis, but is more closely related to
the surgeon’s training in thyroid surgery [4].

It is not known whether the accepted
increased risk of bleeding consequent upon 
the use of low dose anticoagulants as part of
thrombo prophylaxis is an added risk in neck
surgery but some thyroid surgeons will avoid
any medication which may interfere with blood
clotting whilst others are not concerned by this.
Prospective data on this important question are
required.

Postoperative Calcium
Changes
Malfunction of the parathyroid glands follow-
ing thyroid surgery is explained on the basis of
their anatomical and vascular relationship with
the thyroid gland. The parathyroid glands are
most commonly close to the posterior and
lateral aspect of the thyroid gland and share
their blood supply with the thyroid. It is there-
fore incumbent upon the thyroid surgeon to
accurately identify the parathyroid glands at 
the time of the operation and to preserve and
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protect them when possible. When the parathy-
roid glands are not closely adherent to the
thyroid they can by gently swept away from it
laterally, allowing them to maintain their blood
supply and be left in situ in the neck. If the
glands are lying high up the thyroid or have
been displaced by a grossly enlarged thyroid
and they cannot be preserved with their blood
supply, then it may be necessary to autotrans-
plant them, most commonly into the ster-
nomastoid muscle to preserve parathyroid
function [5]. The technique of capsular dissec-
tion of the thyroid, whereby the blood supply to
the thyroid gland is secured very close to the
edge of the gland, as opposed to the main trunk
of the superior or inferior thyroid arteries,
should minimize devascularization of the
parathyroid glands [6]. Extensive lymph node
involvement secondary to thyroid carcinoma,
very large goiters, and parathyroid glands that
are intimately attached to or associated with 
the thyroid gland can all make preservation of
parathyroid function more difficult. Neverthe-
less it is estimated that normal parathyroid
function can be achieved by one third of one
normal parathyroid gland alone [7], so if it is
impossible to preserve all of the parathyroids
every effort should be made to protect and pre-
serve at least one.

Hypoparathyroidism after total thyroidec-
tomy is an important complication and it can be
treated by replacement therapy (calcium sup-
plements orally or intravenously and/or the use
of 1a-colecalciferol). Permanent hypoparathy-
roidism rates quoted in the literature range
from 0.7% to 3% of operations [2] but the inci-
dence of temporary hypoparathyroidism may
be as high as 15% of patients when total thy-
roidectomy has been performed. All patients
should therefore be warned that low serum
calcium may occur after total thyroidectomy
and that this complication will be monitored
from the first day after operation onwards until
such time as the calcium is stable and in the
normal range. In some units there is a policy 
of immediately starting calcium supplements
postoperatively on all patients to facilitate early
discharge and avoid the distressing symptoms
of hypocalcemia. In the postoperative period
the calcium supplements and cholecalciferol are
gradually withdrawn and the vast majority of
patients will not require them within 3 months.

Postoperative Voice Change

Voice change and dysphagia can occur after
surgery to the thyroid gland. Dysphagia is
reported in up to 1.4% of patients and should be
mentioned in the preoperative discussions [2].
Voice change is reported in the literature and
through national audits as being permanent in
about 1% of the patients due to recurrent 
laryngeal nerve damage on one side and in ap-
proximately 3.7% due to damage to the supe-
rior laryngeal nerve [8]. Careful voice studies
demonstrate both improvement and deficien-
cies in voice quality after thyroid surgery and
the more sophisticated the investigative tools
used to analyze voice change after thyroidec-
tomy the more disturbance in function can be
found (albeit usually subclinical) [9]. Overall,
though, patients should be told and warned 
that permanent voice hoarseness and change in
voice quality will occur in approximately 1% of
first time thyroid operations due to recurrent
laryngeal nerve damage. There is an often
quoted transient voice change at double this rate
but spontaneous improvement does occur and
this is presumably due to neurapraxia of the
recurrent laryngeal nerve. In roughly 0.4% of
patients bilateral recurrent nerve damage will
occur, resulting in the need for tracheostomy
and security of the airway beneath the vocal
cords. While unilateral recurrent laryngeal
nerve or superior laryngeal nerve damage may
lead to a significant reduction in the quality 
of voice, bilateral damage is of course far more
consequential. A variety of procedures can be
performed to fix and attempt to correct vocal
cord position, but generally speaking these
should not be attempted for 6 months after the
operation in order to allow time for sponta-
neous improvement. It is, however, important 
to start voice rehabilitation early (within 2–3
weeks) in all cases of vocal cord paralysis.

Damage from nerve injuries can be reduced
to a minimum if the nerves are routinely located
during the operation and traced to the inlet 
of the lower pharyngeal constrictor muscle.
Unipolar diathermy should be avoided in close
proximity to the nerve and care should be taken
to look for evidence of a non-recurrent laryn-
geal nerve, particularly on the right side of the
neck where it may occur in 1% of individuals,
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taking an abnormal route through the neck and
thereby being more vulnerable to misidenti-
fication and damage [10]. In some centers direct
stimulation of the nerve and monitoring of
vocal cord activity by an electrode placed in the
endotracheal tube is used but this is not a widely
employed application at the present time [11].

Superior laryngeal nerve injuries are often
underestimated, as the clinical effects of damage
to this nerve are more difficult to distinguish
both for the patient and for the clinician. A
lowered voice tone, early fatigue of the voice,
and in singers difficulty in reaching the same
notes as before operation may be observed.
Minimizing damage to the superior laryngeal
nerve can be achieved by retracting the upper
pole of the thyroid laterally before isolating its
vascular pedicle and by securing the vascular
pedicle very close to the thyroid gland.

Reoperations
The above complications with their quoted
incidence and etiology are all significantly
increased in revision surgery where scarring
and recurrent pathology will significantly
hinder the careful anatomical identification of
structures within the neck [12]. Few if any accu-
rate data exist regarding complications in this
setting and each individual case will of course
be different depending upon the patient’s previ-
ous surgery and pathology.

Audit
Each surgeon should critically evaluate his 
or her own complication rates and compare
these to those reported by national and interna-
tional specialist associations and societies. An

informed discussion can then take place with
the patient preoperatively so that all parties
have a realistic expectation of the outcome and
risks involved [13].
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Section IV
Non-surgical Management of Differentiated 
Thyroid Cancer



Ablation of Residual Normal
Thyroid Tissue
In the management of differentiated thyroid
cancer (DTC) ablation of thyroid remnants with
131I aims to destroy all residual normal thyroid
tissue. Total (or near-total) thyroidectomy will
permit this to be achieved with a modest ad-
ministered activity. Remnant ablation after
lobectomy is more difficult and a repeat admin-
istration may be required. Ablation of a large
remnant may cause radiation thyroiditis with
neck pain and swelling. Furthermore thyroid-
stimulating hormone (TSH) levels may fail to
rise above 30 mU/L following hormone with-
drawal, resulting in suboptimal 131I uptake.

The advantages of remnant ablation are that
it permits subsequent identification by iodine
whole-body scan (WBS) of any residual or
metastatic carcinoma and facilitates interpreta-
tion of serial serum thyroglobulin (Tg) moni-
toring [1] (Figure 15.1). A large remnant may
show a star burst artifact on WBS, obscuring
tumor uptake in abnormal cervical nodes. Mea-
surement of stimulated Tg is also facilitated fol-
lowing remnant ablation, and represents the
most sensitive method of detecting recurrence
[2–4]. Remnant ablation also destroys micro-
scopic metastases; several retrospective studies
have documented decreases in both local recur-
rence and death from thyroid cancer [5,6]. The
benefit of 131I ablation is seen mainly in patients
who are at high risk of recurrence, including

those with larger tumors, extrathyroidal exten-
sion, involved lymph nodes, and residual disease
[7,8]. However, in low risk patients and espe-
cially in those with microcarcinoma, prognosis
is so favorable after surgery alone that little
further benefit is achieved [9].

Mazzaferri and Kloos retrospectively studied
1510 patients without distant metastases.
Remnant ablation was found to be an inde-
pendent variable that reduced cancer recur-
rence, distant recurrence, and cancer death 
rates [10,11]. Other studies have demonstrated
similar results [12].

Total (or near-total) thyroidectomy followed
by radioiodine ablation is considered to be 
the ideal treatment for high risk tumors. How-
ever, 131I ablation remains possible following
hemithyroidectomy. Bal et al. studied 93
patients with DTC and evaluated the role of
radioiodine ablation in patients following
hemithyroidectomy [13]. They were evaluated
with a diagnostic 131I WBS, 48-hour neck uptake,
and Tg measurement following 4–6 weeks with-
drawal of thyroxine. The thyroid lobe was suc-
cessfully ablated in 57% of patients after one
ablation dose of 131I (mean activity 1.18 ±
0.4 GBq, 31.8 ± 11.7 mCi) and 92% after two
ablation doses (mean activity 1.5 ± 0.51 GBq,
40.5 ± 13.8 mCi). Hoyes et al. have also demon-
strated successful lobar ablation following 3.5
GBq 131I (95 mCi): 98% of patients treated by
total thyroidectomy were successfully ablated by
one 131I treatment, compared with 90% after
lobectomy (P < 0.05) [14]. Ablation of an intact

15
Non-surgical Management of Thyroid Cancer
Masud S. Haq and Clive Harmer

171



172 Practical Management of Thyroid Cancer

lobe therefore remains possible and can be
achieved with moderate activities of radioio-
dine. It remains an alternative for patients refus-
ing completion thyroidectomy or for those in
whom a second operation is contraindicated.

The optimal activity of 131I required to
achieve successful ablation is controversial, with
doses ranging from 0.85 to 9.5 GBq (23 to 
257 mCi) having been advocated. Many centers
in North America previously used 1.1 GBq 
(30 mCi) to ablate small thyroid remnants in
order to avoid hospital admission. Administra-
tion of a lesser activity has the advantage of
lower whole-body radiation exposure, lower
cost, and patient convenience. Beierwaltes’ phi-
losophy of high dose ablation was based on the
premise that it not only ablates normal rem-
nants but also treats possible micrometastatic

deposits [15]. He also stressed the importance of
delivering a high radiation dose from the first
iodine administration because the biological
half-life of subsequent administrations falls,
therefore reducing the radiation dose delivered.
Samuel and Rajashekharrao also support high
initial dose rates to achieve successful ablation
[16] but there has been no prospective random-
ized trial to substantiate these proposals. Pro-
ponents of high activity ablation argue that
lesser activities are less effective at treating
micrometastases, leading to higher recurrence
rates. However, Mazzaferri and Jhiang found no
difference in long-term recurrence rates (7%
versus 9% after median follow-up of 14.7 years)
between low dose (29–50 mCi) and high dose
(51–200 mCi) 131I remnant ablation [10].

In 1976, McCowen et al. first reported that
doses of 3–3.7 GBq were no more effective than
1.1 GBq and this has been confirmed by other
retrospective analyses [17]. Despite numerous
studies evaluating low dose ablation, one meta-
analysis found that a single administered activ-
ity of 1074–1110 MBq (29–30 mCi ) was more
likely to be unsuccessful in fully ablating thy-
roid remnants compared to higher activities of
2775–3700 MBq [18]. Of 13 studies evaluated,
518 patients were low dose and 449 were high
dose. The average failure of a single low dose
was 46% versus 27% for high dose ablation 
(P < 0.01).

Bal et al. performed the first prospective 
randomized clinical trial to evaluate the optimal
131I ablation dose in 149 patients and demon-
strated that increasing the administered activity
beyond 1.85 GBq (50 mCi) resulted in plateau-
ing of the dose–response curve; a radiation
absorbed dose greater than 300 Gy to the
thyroid remnant did not appear to yield a
higher ablation rate [19]. Successful ablation
was defined as the absence of any detectable
radioiodine-concentrating tissue in a diagnostic
5 mCi 131I scan at 6 to 12 months (following dis-
continuation of thyroxine 4–6 weeks before),
neck uptake of less than 0.2%, and a Tg level of
less than 10mg/L. Overall successful ablation
was achieved in 78% of thyroid remnants. Their
more recent study assessed the smallest possi-
ble effective dose for remnant ablation [20] in 
a randomized prospective trial with different
ablation activities between 15 mCi up to 50 mCi.
In 509 eligible patients the overall ablation rate
was 77.6%. The successful ablation rate was sta-

Figure 15.1 Postablation whole-body 131I scan (anterior image).
Focal uptake is displayed in the left side of neck. Additional
uptake is visible in the apices but more diffusely in both lung
fields compatible with extensive pulmonary metastases.
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tistically different in patients receiving less than
25 mCi 131I compared with those receiving at
least 25 mCi (63 of 102, 61.8%, versus 332 of 407,
81.6%, P = 0.006). There was no significant inter-
group difference in outcome among patients
receiving 25–50 mCi of 131I. However, patients
receiving at least 25 mCi 131I had a three times
better chance of remnant ablation than patients
receiving lesser activities.

Maxon et al. individualized administered
activity to deliver a radiation dose of 300 Gy to
the thyroid remnants and reported an 81% abla-
tion rate, with no apparent gain from using a
dose greater than 300 Gy. Further evaluation of
different administered activities with a large
randomized prospective trial is required with
ablation success rates and recurrence as the
main outcome measures (Table 15.1) [21,22].

Sodium iodide 131I is available in the form of
a capsule, liquid preparation, or intravenous
injection. The capsule is most commonly used
due to safety and ease of handling. Four weeks
after total thyroidectomy, by which time the
TSH level will be above 30 mU/L, we recom-
mend an ablation dose of 3 to 3.7 GBq (111 to
137 mCi) 131I to all patients after total thyroidec-
tomy except for children over 10 years of age
with small node-negative tumors and young
patients with unifocal microcarcinoma [6,23]
(Figure 15.2). This delivers a mean absorbed
dose of 410 Gy and ablates 75% of remnants
[24]. An 131I WBS is obtained after 3 days, when
the patient is usually allowed to return home,
subject to the total body radioactivity having
fallen below the permitted level. In the USA,
patients treated with 131I are usually permitted
to go home, providing certain conditions are
met. Replacement thyroid hormone is then
commenced in the form of triiodothyronine
(liothyronine, T3) 20 mcg three times a day. A
blood sample is taken on the day of iodine

administration to confirm TSH elevation and
also on day 6 to measure the protein bound
(PBI) 131I level [25].

Regulations for use of radioiodine remain
extremely variable throughout the world, al-
though there is general acceptance of the basic
protection measures. Treatment must be carried
out in a protected environment (single-bedded
shielded room with ensuite bathroom and
toilet) approved for this purpose by the local
radiation protection advisor. Written and oral
information should be given to patients before
treatment. Prior to therapy, pregnancy must be
excluded in women of childbearing age. Because
the concentration of 131I in maternal milk is
significant, breastfeeding is strictly contraindi-
cated for 4 months after administration.

Patients are reviewed 6 weeks after ablation
with results of hematology, biochemistry, TSH,
Tg, and ablation WBS. Provided the latter de-
monstrates uptake in only a small thyroid
remnant, a stimulated Tg obtained either fol-
lowing withdrawal of T3 for 10–14 days or fol-
lowing use of recombinant TSH injections while
continuing suppression therapy is measured 
4 to 6 months postablation [26,27]. If this sti-
mulated Tg level is £2mg/L, patients can be
reviewed annually and the patient switched to
thyroxine at an average daily dose of 200 mcg 
in order to suppress TSH secretion to a level of
less than 0.1 mU/L [2,28]. Follow-up assessment
comprises clinical examination and monitoring
of free T3, TSH, and Tg levels but we do not
perform diagnostic iodine scans routinely ex-
cept in patients with anti-Tg antibodies [29]. In
the past, a diagnostic WBS with 150–185 MBq
(4–5 mCi) 131I was performed at 4–6 months to
determine the success of remnant ablation but
this is no longer standard practice. If the postab-
lation scan demonstrates significant uptake in
the thyroid bed or elsewhere (cervical node or

Table 15.1 Summary results of a systematic review of randomized trials of radioiodine ablation. Percentage of patients who had
successful ablation according to administered activity (patient number in parentheses)

Study 30 mCi (1.1 GBq) 50 mCi (1.8 GBq) 90 or 100 mCi (3.7 GBq)

Creutzig 1987 [124] 50 (5/10) 60 (6/10)
Johansen 1991 [125] 58 (21/36) 52 (14/27)
Bal et al. 1996 [19] 63 (17/27) 78 (42/54) 74 (28/38)
Sirisalipoch 2004 [126] 65 (41/63) 89 (67/75)
Bal et al. 2004 [20] 83 (61/73) 82 (63/77)
Combined 71 (104/146) 75 (146/194) 77 (115/150)
Test for difference between the percentages P = 0.01 P = 0.06 P < 0.001
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New patient referred with Differentiated Thyroid Cancer
History and clinical examination 

Review histology

 With total thyroidectomy Without total thyroidectomy

     Completion thyroidectomy + Level VI
± selective dissection of levels II, III, + IV

FBC, biochemistry, TSH, Tg, CXR 

131I whole body scan at 3 days, start T3

Abnormal scan or adverse feature                              Normal scan, no adverse feature 
Book 4 months after ablation 5.5 GBq 131I                    185 MBq 131I whole-body scan
Stop T3 for 10 days                                                         only if Tg-antibodies or clinical 
FBC, biochemistry, TSH, Tg                                         suspicion. Stop T3 for 10 days (or

   give rhTSH)  TSH, Tg 

131I whole body scan at 3 days, restart T3

OPD appointment at 6 weeks OPD appointment at 6 months
TSH, T3, Tg        TSH, T3, stimulated-Tg

If tests negative, change to
Known tumour Positive scan Normal            thyroxine £ 200mcg
Negative scan Tg > 3ug/L        target TSH < 0.1mU/l 
PBI < 0.01% PBI > 0.01%

At 4 weeks - avoid sea food, added salt,
iodine containing medicines and 

x ray contrast

Ablation dose 3 GBq 131I

OPD appointment at 6 weeks 
TSH, T3, Tg

Therapy dose 5.5 GBq 131I

Annual follow-up
TSH, T3, TgExternal beam

radiotherapy
Repeat 5.5 GBq 
131I at 6 months

Reconsider
surgery

Figure 15.2 Royal Marsden Hospital policy for the management of differentiated thyroid cancer. T4, thyroxine; T3, Liothyronine; TSH,
thyroid-stimulating hormone; CXR, chest radiograph; FBC, full blood count; Tg, thyroglobulin; PBI, protein-bound radioactive iodine
concentration; rhTSH, recombinant TSH (thyrogen).
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distant metastasis) further investigation is
required. A CT scan without contrast or prefer-
ably an enhanced MRI of the neck plus medi-
astinum ± CT of the lungs ± bone scintigraphy
will clarify the extent and distribution of disease
suitable for further neck surgery, metastasec-
tomy, or radioiodine therapy.

Typical postablation scans demonstrate
normal physiological uptake of iodine within
the salivary glands, gastrointestinal tract, and
bladder. Occasionally, false-positive 131I whole-
body scans may occur [30]. These may be seen
with esophageal retention of salivary secre-
tions, gut motility disorders such as Meckel’s
diverticulum, malformations of the urinary
tract, pathological transudates or exudates,
inflammatory or infectious lesions, specific
organ uptake such as in breast, liver or thymus,
tumors containing thyroid tissue such as struma
ovarii or teratoma, and lung or abdominal 
adenocarcinoma.

To optimize radioiodine uptake by both
residual normal thyroid and cancer, TSH stim-
ulation is mandatory and dietary iodine should
be restricted for one month before and for
several days after ablation. Dietary restriction of
iodine intake to 50mg per day can increase the
131I uptake twofold after ablation [31]. Iodized
salt, dairy products, eggs, and seafood should be
avoided [32]. Iodine-rich contrast media must
also be avoided and T3 tablets omitted for 2
weeks; any patient on thyroxine would need to
discontinue these tablets 4 weeks prior to abla-
tion. As an alternative to thyroid hormone with-
drawal patients may be prepared for remnant
ablation with recombinant TSH (rhTSH, Thyro-
gen, Genzyme). Robbins et al. reported that suc-
cessful remnant ablation can be achieved after
two injections of 0.9 mg of rhTSH [33]. Their
retrospective study compared the rate of com-
plete ablation in 42 patients prepared with
thyroid hormone withdrawal and 45 patients
with rhTSH. Successful ablation was com-
parable in both groups (81% versus 84%, no 
statistical difference). However, Pacini et al.
demonstrated contrasting results [34] in a
prospective study using 30 mCi 131I during
thyroid hormone therapy. Patients were treated
while hypothyroid (n = 50), hypothyroid with
rhTSH stimulation (n = 42), or euthyroid on thy-
roid hormone therapy with rhTSH stimulation
(n = 70). Outcome was assessed by a 4 mCi diag-
nostic 131I WBS following conventional thyroid

hormone withdrawal. The rate of successful
ablation was similar in the hypothyroid and
hypothyroid plus rhTSH groups (84% and
78.5%, respectively) but significantly lower
(54%) in the euthyroid plus rhTSH group.

Recombinant TSH remains unlicensed in 
the UK for ablation or therapy but is available
for diagnostic iodine WBS and stimulated Tg.
It remains expensive but markedly improves
patient quality of life, which is otherwise
severely impaired during the prolonged period
of hypothyroidism [35]. We recommend its
routine use for diagnostic purposes and for
ablation or therapy in patients unable to
produce TSH, and especially those in whom
thyroid hormone withdrawal is medically con-
traindicated. This includes patients with cardiac
disease, psychiatric disorders, postpartum,
hypopituitarism, and patients unable to tolerate
prolonged hypothyroidism [36,37]. Patient
groups are campaigning for its routine use in
diagnosis and therapy but cost and licensing
restriction currently make wider availability
impracticable in the UK. Thyrogen is well toler-
ated but may occasionally cause nausea or tran-
sient headache. Contraindications to its use are
brain or spinal metastases as cerebral edema or
cord compression may occur.

Differentiated thyroid cancer is common in
women of childbearing age. Population-based
studies have suggested that up to 10% of thyroid
cancers occurring in women during their repro-
ductive years are diagnosed in pregnancy or 
in the first year after giving birth. Outcome
remains favorable with prognosis of DTC dis-
covered in pregnancy similar to that occurring
in nonpregnant women of similar age [38]. A
small retrospective study of nine patients from
the Royal Marsden Hospital assessed outcome
during pregnancy [39]. Four were discovered at
antenatal assessment to have a thyroid nodule;
the reminder had a thyroid lump in the neck. In
all cases, the thyroid nodule was reported to
double in size during pregnancy. One patient
had a subtotal thyroidectomy during the second
trimester; eight were operated on within 3–10
months from delivery (five total thyroidec-
tomy, 4 subtotal thyroidectomy). Eight patients
remained disease free but one patient who had
radioiodine treatment delayed due to a further
pregnancy died 7 years later from distant metas-
tases. For tumors discovered early in pregnancy,
total thyroidectomy can be performed safely
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during the mid-trimester, while those found
later can be managed after delivery. Radioiodine
ablation can be deferred until after the preg-
nancy and breastfeeding, although should not
be delayed for more than a year.

Thyroid cancer is discovered in 1–4% of
patients undergoing surgery for hyperthy-
roidism due to Graves’ disease or multinodular
goiter [40]. In most patients the tumors are
small or microscopic and no further treatment
is required. For larger tumors, multiple foci, or
involved lymph nodes, completion thyroidec-
tomy plus ablation should be considered.

Carcinoma of the thyroid is rare in children,
although the incidence in Europe has increased
as a result of exposure to radioactive fallout
from Chernobyl [41]. Tumors are usually papil-
lary and often of advanced local stage. More
have metastatic disease at presentation and a
higher proportion of disease-related deaths
occur on prolonged follow-up, compared with
adults [42]. Children under the age of 10 years
are at higher risk of recurrence and should be
treated with total thyroidectomy, paratracheal
node dissection ± selective neck dissection, and
radioiodine.

TSH Suppression
Following successful ablation, life-long thyrox-
ine at a dose adequate to suppress TSH levels 
to <0.1 mU/L is recommended. Recurrence 
rates including distant relapse are significantly
reduced with TSH suppression [10,43]. There is
no evidence that undetectable TSH levels offer
any advantage over low but detectable levels.
Monitoring the free thyroxine level in the athy-
roid patient receiving exogenous thyroxine will
give a false high value because of binding and
can be confusing. We therefore favor monitor-
ing of the free T3 level, in order to avoid hyper-
thyroidism. The long-term effects of subclinical
thyrotoxicosis on the heart and bone are of
greater importance in elderly patients as a low
TSH maybe associated with arrhythmias [44].
However, prognosis is worse in older patients,
such that TSH suppression is usually advisable.
When the diagnosis has been made many years
previously and the recurrence-free interval is
long, relaxation of the need for TSH suppression
is permissible.

Follow-up

The aim of follow-up is early detection of resid-
ual tumor or recurrence, which affects 20% of
patients. Following total thyroidectomy and
remnant ablation, serum Tg measurement has
become the gold standard for early detection of
recurrent DTC [45]. Thyroglobulin is a glyco-
protein produced by normal and neoplastic 
follicular cells. Modern immunoradiometric
assays based on monoclonal antibodies offer a
functional sensitivity of 1mg/L or even lower.
Provided there is no residual or recurrent
disease, in most patients the Tg concentration
will be below the limit of detection under thy-
rotropin suppression. However, 2–7% of
patients have a detectable but low concentration
(<3mg/L); the concentration maybe up to 
10mg/L if iodine ablation has been omitted.
Provided that it remains low and no rising trend
is noted, recurrence is unlikely [46]. An unde-
tectable serum Tg that does not rise in response
to TSH stimulation is found in patients who are
disease free, whereas a rising Tg is associated
with the presence of residual normal thyroid or
tumor recurrence [47]. Persistent disease is
unlikely when serum Tg values are less than 
2mg/L after rhTSH stimulation or thyroxine
withdrawal [2]. However, serum Tg concentra-
tions are more difficult to interpret when there
is a large thyroid remnant as values will be
raised. In cases of very high Tg concentrations,
a “hook effect” may occur; the sample should be
diluted and reassayed to give a true value.

The major limitation of serial Tg monitoring
is potential interference from antibodies to thy-
roglobulin (TgAbs); an undetectable concentra-
tion in the presence of antibodies is not reliable
[48]. Antibodies are present in up to 25% of
patients with DTC compared to 10% of the
general population. They must be measured in
the same serum sample used for the Tg assay. A
recovery test should be performed in all samples
that have a positive TgAb titer. The recovery of
Tg in the test sample can indicate the possible
degree of interference. A value less than 70%
suggests definite interference. Studies have
demonstrated the correlation of a rising TgAb
level with tumor recurrence and disappearance
of TgAb with successful treatment [49]. In the
absence of TgAbs, serial Tg monitoring provides
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an invaluable guide for early detection of recur-
rent or metastatic carcinoma. A diagnostic 131I
WBS (following thyroid hormone withdrawal or
under rhTSH stimulation) and neck ultra-
sonography may be helpful if recurrence is sus-
pected. Because recurrence may occur more
than 40 years after initial treatment, follow-up
must be life-long, with annual clinical examina-
tion and measurement of Tg.

Treatment of Recurrent and
Metastatic Disease
Recurrence in the thyroid bed or cervical lymph
nodes develops in 5–20% of patients with DTC.
Surgery is the dominant treatment for loco-
regional recurrence and complete resection
should be attempted. Selective dissection is
preferable to single lymph node excision. Even
if tumor cannot be completely removed, sur-
gical debulking is beneficial and facilitates sub-
sequent use of therapeutic radioiodine [5].
External beam radiotherapy (EBRT) can control
local disease but the full potential of iodine
treatment should first be exploited. Repeat
doses of radioiodine may be required with each
administered activity ranging from 3.7 to 
10.1 GBq (100 to 270 mCi) at 3–12-month inter-
vals. There is no maximum limit to the cumu-
lative 131I dose that can be given to patients with
persistent disease if benefit can be documented,
providing that individual doses do not exceed 
2 Gy total body exposure and there is at least a
6-month interval between doses. A normal
blood count must be confirmed prior to each
administration and impairment of renal fun-
ction would demand a lower dose.

The British Thyroid Association recommends
withdrawal of thyroxine (T4) 4 weeks before
radioiodine, or triiodothyronine (T3) 2 weeks
before so that endogenous TSH levels rise to
above 30 mU/L, thereby optimizing iodine
uptake [50]. This will induce symptomatic
hypothyroidism, which may result in lethargy,
cognitive impairment, or depression. Quality of
life may be significantly impaired and many
patients are unable to drive or work. This symp-
tomatic period may be shortened by substitu-
tion of T3 for T4 4 weeks with discontinuation of

T3 14 days prior to admission. If patients are
unable to tolerate hypothyroidism, 131I may be
given following rhTSH stimulation, with con-
tinuation of thyroid hormone replacement,
although it remains unlicensed for this purpose.
Retention of radioiodine is reduced due to rapid
clearance in the euthyroid state, whereas renal
excretion is reduced when thyroid hormone
withdrawal is performed [51]. This may result in
higher activities of radioiodine being necessary
for therapy with rhTSH[34].

A retrospective audit of Royal Marsden Hos-
pital practice of thyroid hormone withdrawal
prior to 131I administration has recently been
performed as we normally discontinue T4 for
only 21 days and T3 for only 10 days. Of 95
patients who stopped thyroid hormone as we
advised, 80/95 (84%) had TSH levels above 
30 mU/L and uptake appeared to be adequate 
in the remainder. Based on these results our
current practice remains unchanged, although a
prospective study to assess the optimal period
of withdrawal is required.

A whole-body scan 2–6 days after iodine
administration provides scintigraphic assess-
ment of disease and response to treatment.
Diagnostic scans using a tracer dose of 131I 
are not required prior to therapy and may 
have an adverse effect by causing tumor stun-
ning and reducing the uptake of therapeutic 
131I [52]. Furthermore, in a significant propor-
tion of patients with residual tumor as evi-
denced by an elevated Tg level, uptake has been
documented in the posttherapy scan despite a
prior negative diagnostic scan. The use of 123I as
a scanning agent has been suggested to prevent
stunning because of its short half-life [53].
However, it remains expensive and not widely
available.

The real benefit of iodine ablation is well doc-
umented. Mazzaferri and Kloos demonstrated
the beneficial effects of ablation in 1510 patients
without distant metastases [11]. Radioiodine
was an independent variable that favored lower
local recurrence (P < 0.0005), distant recurrence
(P < 0.0001) and death (P < 0.0001) in patients
over 40 with tumors greater than 1.5 cm in
diameter. In 1998, a Canadian study of 382
patients with DTC demonstrated total thy-
roidectomy and ablation to be associated with a
significantly lower rate of local relapse inde-
pendent of tumor stage [12].
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The benefit from 131I therapy is more difficult
to quantify. Younger patients who have limited
volume metastases mainly in the lungs, and who
achieve a complete response to 131I, have been
shown consistently to have the best prognosis,
with a 15-year survival of 89% [54]. In contrast,
older patients and those with large metastases
or bone involvement are less likely to respond
[55]. Although distant metastases may remain
stable for years, there is evidence that early
treatment benefits outcome. Microscopic foci
are more radioresponsive; complete response
was reported in 82% of patients with uptake in
lung metastases not seen on chest radiography
but in only 15% of those with visible micro- or
macronodules [21]. The radioresistance of large
deposits may be due to poor vascularity, result-
ing in limited and inhomogeneous iodine 
distribution, or to the appearance of radioresis-
tance clones. Bone lesions are associated with a
low response rate; surgical excision when possi-
ble, or external beam radiotherapy should be
added [56,57]. We recommend surgical resec-
tion with curative intent for patients with a soli-
tary deposit that does not concentrate iodine
adequately [58].

Therapeutic efficacy of 131I therapy is related
to the ability of tumor to concentrate and retain
iodine [59]. The sodium iodide symporter (NIS)
is a plasma glycoprotein that actively transports
iodide into thyroid follicular cells as the first
step in thyroid hormone biosynthesis. Cloning
of the gene and the development of specific NIS
antibodies have allowed the characterization of
the pathogenic role of NIS in thyroid cancer
[60]. In tumors that no longer have the capacity
to concentrate iodine, reduced NIS expression
has been demonstrated. Up to 80% of differen-
tiated thyroid cancers have the ability to con-
centrate iodine but when tumors are non-iodine
avid, despite meticulous patient preparation,
further 131I should be avoided [61]. This is 
more commonly seen in older male patients
with poorly differentiated tumors, Hürthle cell
variant, and tall cell or insular subtypes [62]
(Figure 15.3). Reduced ability to concentrate
iodine is often associated with more aggressive
growth and metastatic spread (Figure 15.4).

Retinoic acid, a derivative of vitamin A, can
enhance NIS expression in vitro [63]. In cell cul-
tures, redifferentiation of thyroid follicular
cancer results in increased iodine uptake.
Grunwald et al. [64] treated 12 patients with

non-iodine avid tumors with retinoic acid for 
2 months prior to radioiodine therapy. In two
patients a significant increase in radioiodine
uptake was seen, with a further three patients
demonstrating faint uptake; seven patients did
not benefit. Response was associated with a
significant rise in Tg levels, suggesting restora-
tion of Tg synthesis. A more recent study of 25
patients [65] administered retinoic acid (1 mg/
kg) for 3 months prior to 131I therapy. Only five
patients demonstrated slight increase in 131I
uptake but Tg failed to correlate with either
success or failure of treatment. Side effects
occurred in two thirds of patients compris-
ing sunburn, cheilitis, mucositis, conjunctivitis,
and raised transaminases, although all were
reversible. The Royal Marsden Hospital
prospective trial results were equally disap-
pointing. The initial promise of redifferentia-
tion therapy has therefore not been fulfilled and
is no longer recommended.

Figure 15.3 Diagnostic indium octreotide scan (posterior view):
patient with non-iodine avid Hürthle cell carcinoma previously
treated with total thyroidectomy. Octreotide uptake is seen in
the neck, right chest, right of midline at L5 level and left pelvis.
Pelvic radiotherapy was followed by 4 treatments with yttrium-
90 octreotide labeled DOTATOC with good response.
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True Hürthle cell carcinoma (consisting of at
least 75% Hürthle cells) is usually differentiated
and expresses Tg. In our retrospective series of
50 patients, none of the 20 with recurrent or
metastatic disease showed uptake at sites of
known disease; alternative treatment compris-
ing further surgery or EBRT was therefore nec-
essary. However, because of its worse prognosis,
follow-up of Hürthle carcinoma needs to be dili-
gent and initial 131I ablation is beneficial in ren-
dering Tg monitoring more accurate. In the
more recently published series of 89 patients
with Hürthle cell carcinoma from the M.D.
Anderson Cancer Center [66] those who
received 131I ablation had better outcomes. Of
the 37 patients with known metastases, 38%
showed radioiodine uptake in lymph nodes,
bone, or lung.

The effectiveness of 131I therapy could theo-
retically be improved by increasing radioiodine
uptake by tumor or altering tumor metabolism
so that iodine retention is prolonged. Adminis-
tration of a higher activity is the simplest
approach but repeated activities greater than
the empirical standard of 5.5 GBq are associated

with an increased risk of bone marrow sup-
pression, leukemia, lung fibrosis (for patients
with miliary metastases), and salivary gland
damage; benefit remains unproven. A retro-
spective study of 38 patients with advanced DTC
treated with 9 GBq (243 mCi) 131I, who had pre-
viously failed to respond to standard activities
of 5.5 GBq (150 mCi) [67], was not advanta-
geous. Complete response was observed in 18%
(7/38), stable disease in 11% (4/38), and pro-
gressive disease in 71% (27/38). Grade 3 (9.7%)
and grade 4 (3.2%) hematological toxicity was
limited based on WHO criteria but significant
salivary gland morbidity was identified. A per-
sistent dry mouth was present in 30% of indi-
viduals with a further 27% complaining of
salivary gland swelling and discomfort.

Metastatic tumor may persist despite admin-
istration and uptake of repeated doses of 131I.
This may be the consequence of rapid turnover
of radioiodine (short effective half-life) with
discharge before adequate energy has been
deposited. The effective half-life in metastases
responding to therapy has been shown to be
longer than in those not responding: 5.5 days
compared with 3.2 days [68].

Lithium carbonate reduces the release rate of
radioiodine from normal thyroid as well as from
thyroid tumors. Its administration in doses that
produce blood levels of 0.8–1.2 mmol/L pro-
longed the biological half-life in 10 of 12 thyroid
tumors, without increasing the radiation dose
received by the whole body [69]. However,
lithium blood levels need to be monitored
closely to avoid toxicity and psychiatric expert-
ise is valuable such that its routine use is often
impracticable in many hospitals, although a
number of centers in the USA use this tactic,
without psychiatric consultation, to increase
tumor retention of 131I.

Metastasectomy
Distant metastases develop in 5–23% of patients
with DTC and another 1–4% demonstrate
distant metastases at presentation [70–72]. Most
commonly affected are the lung and bone, with
the liver and brain rarely being involved.
Despite improved outcome compared with
other cancers, at least half of thyroid cancer
patients will die of metastatic disease. We have
reported overall survival at 5 and 10 years of

Figure 15.4 Stimulated 18FDG-PET scan: patient with differenti-
ated thyroid cancer and elevated serum thyroglobulin but 
no demonstrable disease despite 131I whole-body scan, 111In-
octreotide scan, and CT neck and chest. A stimulated 18FDG-PET
following recombinant TSH demonstrated subcarinal and right
hilar uptake.
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63% and 44% [73]. Schlumberger et al. reported
similar overall figures of 53% and 38% at 5 and
10 years, respectively [70].

Age has been shown to be a strong predictor
of cause-specific survival in numerous retro-
spective studies, with age less than 40 years
associated with improved survival. Age has also
been shown to be an independent predictor of
survival for metastatic disease, with older age
associated with a worse prognosis. Samaan et al.
[61] demonstrated a cause-specific survival of
71% versus 16% when comparing patients
younger than 40 with those older than 40 (P <
0.01) Radioiodine uptake in distant metastases
has also been shown to affect prognosis.
Schlumberger et al. [74] demonstrated a 10-year
survival of 54% and 9% in patients with and
without iodine uptake (P < 0.0001).

Site and extent of metastatic disease also
influence outcome. A 10-year survival of 57%
and 27% (P < 0.0001) has been reported in lung
only and bone only metastases, respectively
[70]. Our retrospective study of 111 patients
with distant metastases has demonstrated a 10-
year cause-specific survival of 42% and 26% for
lung only and bone only metastases [75]; tumor
involving multiple sites carried a very poor
prognosis with none alive at 10 years. In 1979 a
10-year survival rate of 80% was reported in
young patients with micronodular disease
visible on chest radiograph [76]. More recent
data describe a 10-year cause-specific survival
of 95% compared to 8% for iodine-avid and
non-iodine-avid lung metastases [77].

Less favorable responses are seen in patients
with bone metastases [56,57]. Our recent results
analysis demonstrates 5- and 10-year cause-
specific survivals of 32% and 25%; for patients
with isolated bone metastases, for which surgi-
cal resection is recommended [78] and ortho-
pedic manipulation may prove beneficial in
cases of vertebral collapse. Radioiodine alone is
rarely curative as metastases are often bulky
and widespread but repeated high activity
radioiodine may be of benefit. Petrich et al.
described complete remission with high activity
therapy (11.1 GBq, 300 mCi 131I) in three out of
four patients with up to three bone metastases
under the age of 45 years; older subjects with
more numerous metastases fared less well [79].
External beam radiotherapy offers significant
palliation for bone pain in unresectable lesions.
They respond poorly to low dose irradiation

and we recommend 35 Gy in 15 fractions over 3
weeks (or 6 Gy once weekly for up to 4 weeks if
brain and spinal cord are not in the target
volume). Continuing care and adequate analge-
sia remain paramount in these patients.

The option of surgery for distant metastases
in DTC should not be neglected. Stojadinovic et
al. reviewed 260 patients with distant metastases
of whom 59 underwent surgery [80]. Those who
underwent complete metastasectomy survived
longer than those having incomplete resection
or no surgical intervention (5-year cause-
specific survival 78% versus 43% versus 46%, P
= 0.03). Our experience of 16 patients with
intrathoracic metastases undergoing surgical
resection described one postoperative death
[58]. Nine patients died of disease (mean sur-
vival 37 months) and six remained alive, of
whom four were disease free (mean survival 52
months). Five-year cause-specific survival was
32.5%. Surgery should therefore be considered
for patients with metastases at any site who fail
to benefit from radioiodine therapy because of
large size or lack of iodine avidity. An attempt
at complete resection is recommended.

Dosimetry
Radioiodine administration has been based on
three different approaches: empirical fixed
activity, dose limited by safe upper limits of
blood dosimetry, and quantitative absorbed
tumor dosimetry.

Fixed activities of 1.1–3.7 GBq for remnant
ablation and 3.7–7.4 GBq for therapy are based
on experience. They are known to be safe and
this is the most widely used system but
insufficient 131I may be delivered to eradicate
tumor [22]. To overcome this problem some
centers administer up to 11.1 GBq (300 mCi) in
patients with distant metastases [79]. This may
be associated with greater toxicity and unnec-
essary whole-body radiation exposure.

Activities administered within a safe upper
limit of blood dose is an alternative method.
Radioiodine administration is limited by bone
marrow reserve with excessive doses resulting
in hematological depression. Benua et al. rec-
ommended a maximum upper limit of 2 Gy
blood dose [81]. Serious hematological compli-
cations were more common when blood doses
exceeded 2 Gy compared to administrations
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below these limits (28% versus 6%, respec-
tively). A number of centers perform this rou-
tinely to assist safe 131I administration.

Quantitative tumor dosimetry is the third
alternative [68]. The rationale is that tumors
have different biological behavior in different
individuals which merits 131I treatment on a 
calculated patient-specific basis (Figure 15.5).
Measurement of the absorbed dose in tumor 
has several advantages. Firstly, overtreatment
and overall radiation exposure is kept to a
minimum; an absorbed dose can vary widely
with fixed activities, from ineffective to exces-
sive. Secondly, it is the best way to determine
whether future 131I therapy will be effective, so
that treatment can be optimized and unneces-
sary treatment avoided. The greatest advantage
is that adequate doses can be calculated to give
the highest probability that tumor will be suc-
cessfully eradicated [21,22].

Since the early 1970s, many attempts have
been made to calculate the radiation dose
absorbed by thyroid remnants and metastatic
deposits [24]. Three parameters must first be
determined: the initial activity (Ao) in the target
tissue, the effective half-life of the radioiodine
(Te), and the mass of tissue (m). We use single
photon emission computed tomography
(SPECT) or positron emission tomography

imaging to measure the volume (mass) of
metabolically active thyroid tissue or tumor
and, after iodine treatment, perform sequential
quantitative scans from which activity–time
curves can be produced. By fitting the data and
extrapolating to the time of administration, the
initial activity in the target tissue and the effec-
tive half-life of iodine are determined. Calcula-
tions are then performed using the medical
internal radiation dosimetry (MIRD) formula:
D (absorbed dose) = 0.16AoTe/m.

Preliminary analysis of 25 dosimetric studies
in patients with metastatic lesions has shown a
wide variation of 5 to 621 Gy in the radiation
absorbed dose from a fixed administered 131I
activity of 5.5 GBq [82]. There was evidence of a
dose–response relationship, clearly explaining
the spectrum of clinical response. Unfortu-
nately, MIRD calculations are based on several
assumptions, in particular that radioactivity is
uniformly distributed throughout tumor and
that washout of 131I from these tissues is gov-
erned by a single exponential function. If these
assumptions are inaccurate, errors will be
introduced into dosimetry estimates. In addi-
tion, errors in each of the other parameters
(percentage uptake, target activity, effective
half-life, and organ mass) will contribute to a
combined error of absorbed dose [83]. Given 
all the problems with dosimetry and the poten-
tial for large errors, it could be questioned
whether trying to perform dose calculations is
worthwhile. However, with current efforts to
produce accurate sequential registered three-
dimensional SPECT images and dose–volume
histograms of therapy distributions, a greater
level of accuracy should be achieved, eventually
resulting in improved effectiveness of treatment
[84–89].

Complications of Radioiodine
Treatment
Radioiodine therapy is well tolerated and
usually lacks serious complications. Patients
may experience nausea and vomiting, especially
during the first 24 hours after administration;
prophylactic use of metoclopramide 10 mg 30
minutes prior to 131I is therefore recommended
[90]. Radiation thyroiditis may occur within the
first week and last for several days after ablation

Figure 15.5 Dose map displaying absorbed dose within shoul-
der metastases from a patient with differentiated thyroid cancer
calculated from voxel-based quantitative dosimetry using RMDP
(Radionuclide Multimodality Dosimetry Package). Isobars repre-
sent varying absorbed doses.
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of a large remnant; this is characterized by local
discomfort, pain on swallowing, neck swelling,
and even transient thyrotoxicosis [91]. Non-
steroidal anti-inflammatory drugs such as
aspirin are usually effective but corticosteroid
treatment with prednisolone 30 mg daily may be
required. Very rarely edema of the neck may
threaten upper airway obstruction.

The salivary glands accumulate radioiodine
and are thereby prone to damage. Salivary dys-
function (xerostomia and sialadenitis) follow-
ing radioiodine may occur in up to a third of
patients and is related to the cumulative activ-
ity of 131I administered [92]. Acute sialadenitis
affecting the parotid or submandibular salivary
glands occurs within 48 hours of administration
and may last for a few days but may be pro-
tracted. This is more commonly seen with
higher administered activities. Chronic symp-
toms include recurrent salivary tenderness,
swelling, dry mouth, and altered (metallic or
chemical) taste sensation [93]. Lack of saliva can
result in dental caries and teeth may require
extraction (Figure 15.6). Several studies have
quantified salivary damage by technetium
scintigraphy and shown a direct relationship
between administered cumulative radioiodine
dose and severity of salivary gland dysfunction
[92].

A liberal fluid intake, frequent use of sodium
citrate containing lozenges and massage over
the parotid areas will reduce salivary radiation.
Intravenous administration of amifostine, an
organic thiophosphate, has been reported to
reduce salivary uptake of 131I. A double-blind
placebo-controlled trial comparing 25 patients

treated with amifostine to 25 controls identified
preservation of salivary gland function in the
treated group but knowledge is limited regard-
ing the effects of amifostine on tumor uptake
[94]. Further study is therefore required 
to assess potential benefit before widespread
use can be recommended. Sialadenitis of the
parotid may progress to a chronic phase with
recurrent episodes over several years and a per-
sistent painful salivary mass may require evalu-
ation for surgical removal.

Radiation pneumonitis (acute) and pul-
monary fibrosis (chronic) have been reported in
patients with diffuse pulmonary metastases fol-
lowing therapeutic radioiodine [95]. Benua et al.
reported 5 of 59 patients developing radiation
pneumonitis which resulted in two deaths [81].
Single administrations exceeding 9 GBq (243
mCi) may cause both pneumonitis and fibrosis.
By limiting individual doses and increasing 
the interval between administrations to 9–12
months pulmonary complications can be mini-
mized. In all patients with diffuse pulmonary
metastases serial lung function testing should
be performed and if deterioration occurs, the
size of further 131I doses can be reduced. Wide-
field external beam therapy should be avoided.

Brain and spinal cord metastases are rare in
DTC. In our retrospective series of 649 patients
with DTC treated between 1936 and 1991, only
six patients with brain metastases were
identified (0.92%) [96]. The Mayo Clinic series
reported an incidence of 0.75% [97]. All of our
patients were papillary tumors with active or
previously treated metastases at other sites.
Prognosis was poor with median survival of 4
months from the time of diagnosis of brain
involvement. Multimodality treatment involv-
ing external beam radiotherapy, radioiodine,
and surgery should be considered. Cerebral
edema may follow radioiodine administration
with potential life-threatening consequences
and prophylactic dexamethasone is therefore
recommended. Similarly, prophylaxis is
required prior to radioiodine treatment of
spinal metastases to avoid cord compression.

Differentiated thyroid cancer frequently
occurs in the young and the possibility that
iodine treatment may affect fertility has created
significant concern [98]. We have previously
reported a study of 496 women under the age of
40 who received radioiodine [99]. Of these, 322
had a single 3 GBq (81 mCi) ablation dose while

Figure 15.6 Dental caries: multiple radioiodine treatments
resulted in severe xerostomia and dental caries. Further radioio-
dine was refused due to these unwanted side effects.
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the remainder received subsequent treatment
for residual, recurrent, or metastatic disease
(8.5–59 GBq, 230–1591 mCi, cumulative dose).
Transient amenorrhea or menstrual irregulari-
ties lasting up to 10 months were experienced in
83 patients (17%). No case of permanent
ovarian failure was recorded. In patients with
amenorrhea, there was a temporary increase 
in both follicle-stimulating hormone (FSH) and
luteinizing hormone (LH) levels indicating
transient ovarian dysfunction. Patients experi-
encing menstrual disturbance had received
greater cumulative activities compared to those
with normal menses (median cumulative dose
14 GBq versus 3 GBq).

Male patients also develop transient elevation
of FSH levels following 131I treatment. In our
study of 93 patients, 106 children were fathered
by 59 patients; the remainder had no wish to
have children [100]. Of these 59, 12 had received
a single 3 GBq ablation dose, 19 had been treated
with up to 14 GBq, and 28 had received up to 
44 GBq. No major malformations were reported.
In 14 patients followed prospectively with deter-
mination of dose to the testes using thermolu-
minescent dosimetry, the median dose to each
testis was 6.4 cGy following 3 GBq, 14.1 cGy fol-
lowing 5.5 GBq, and 21.2 cGy following 9.2 GBq.
There was transient elevation in serum FSH
after radioiodine which normalized within 9
months from the last administration. LH levels
rose transiently in only two patients. Serum
testosterone did not change significantly. The
germinal epithelium of the testes is more sensi-
tive to radiation damage than the ovary and
male patients likely to require repeated doses of
radioiodine should be offered sperm banking
because of the potential risk of permanent
sterility [101]. A reduction in sperm count pro-
portional to the administered activity may
occur but permanent testicular damage with
azoospermia appears to be rare.

There is no significant difference in observed
fertility rates, birth rates, or premature delivery
among women treated with radioiodine com-
pared with those who have not received 131I. In
our series of 496 patients, temporary amenor-
rhea and minor menstrual irregularities were
seen in 20%; 427 normal children were born to
276 women and only one patient was unable to
conceive [99]. On the basis of these data there is
no reason for patients who are treated with
radioiodine to avoid subsequent pregnancy.

However, it is recommended to avoid concep-
tion (for both males and females) for at least 4
months after 131I administration, by which time
all radiation-induced chromosomal alterations
should have been eliminated or repaired.
During pregnancy thyroid hormonal levels
should be monitored every 2 months and thy-
roxine replacement increased only if required
[39]. Thyroxine requirement may increase
during the antenatal period but complete TSH
suppression is unnecessary and levels can be
permitted to rise into the normal range.

Patients may develop a transient slight reduc-
tion in platelet and white cell counts (mainly
lymphopenia) after 131I therapy [90], which is of
no practical importance. These effects reach a
nadir at 5–9 weeks after therapy with recovery
in the majority within 6 months. Bloods counts
should be monitored before each therapy dose,
which is withheld if significant depression is
present. Patients with multiple bone metastases,
the elderly, and patients previously exposed to
external beam irradiation are more prone to
bone marrow suppression and demonstrate 
a more protracted recovery. Myelodysplasia
leading to aplastic anemia is rare and likely to
occur only in those who have received a very
high cumulative blood dose in excess of 2 Gy per
treatment [81]. Use of autologous stem cell
transplantation may have a potential role in the
future prior to planned high activity treatment.

The carcinogenic hazard of 131I in the treat-
ment of thyroid cancer has been the subject of
several reports [102]. An increased risk of acute
myeloid leukemia was seen in the past, espe-
cially in patients receiving a cumulative activity
in excess of 40 GBq (1081 mCi), although patient
numbers were small [103]. In more recent series
the incidence of leukemia is much lower, prob-
ably owing to efforts to limit the total blood
dose to 2 Gy per treatment and the longer inter-
val of 6–12 months between doses. A recently
published multicenter study involving 6841
thyroid cancer patients from Sweden, Italy, and
France has quantified the risk of subsequent
second primary malignancy [104]. Compared 
to the general population an increased risk of
27% was seen. It was estimated that 3.7 GBq 
(100 mCi) of 131I would induce an excess of 53
solid malignant tumors and 3 leukemias in 
10000 patients during 10 years of follow-up. In
addition, a strong correlation existed between
the cumulative activity of radioiodine and the
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risk of bone, soft-tissue, colorectal, and sali-
vary gland cancers. These results highlight the
need to restrict radioiodine treatment to those
likely to benefit.

The radiation dose delivered by 131I to each
organ is difficult to estimate from established
mathematical models; uptake by metastases
may modify the dose delivered to a given organ
and the hypothyroid status at the time of iodine
administration decreases renal clearance of 131I,
thereby increasing the body retention of iodine
by a factor of 2–4. Liberal fluid intake, frequent
micturition, and use of laxatives will promote
iodine excretion and reduce radiation exposure.

External Beam Radiotherapy
The value of external beam radiotherapy
(EBRT) in the management of differentiated
thyroid cancer remains controversial because
published data are conflicting. In many reports,
results are presented with no distinction
between prophylactic (adjuvant) postoperative
EBRT and treatment of microscopic or macro-
scopic residual disease. Due to the rarity of the
disease and its long natural history there are no
prospective randomized controlled trials.

EBRT does not prevent simultaneous admin-
istration of radioiodine, although 131I should be
given first whenever possible as uptake may be
diminished after radiotherapy and, if there 
is good uptake by tumor, EBRT may become
unnecessary. However, 20% of tumors fail to
concentrate iodine. Radiotherapy is not indi-
cated in patients with favorable prognostic 
features, nor in young patients with residual
disease demonstrating avid iodine uptake [105].
Patients at higher risk for locoregional recur-
rence benefit from treatment similar to those
with squamous carcinoma of the head and neck
[106]. Indications include macroscopic unre-

sectable residual tumor and microscopic disease
or involved excision margins. Adjuvant irradia-
tion is required only in older patients with less
differentiated cancers unlikely to concentrate
radioiodine, especially those with extensive
extrathyroidal spread, extracapsular lymph
node extension, or recurrent disease (Table
15.2).

Farahati et al. suggest that adjuvant EBRT
should be restricted to patients older than 40
years with locally advanced tumors (pT4) which
are non-iodine avid [107]. Treatment improved
local control in those aged over 40 years with
invasive papillary cancer and lymph node
involvement from 22% to 90% at 10 years (P =
0.01). A similar group of patients with follicular
cancer did not show any significant benefit.
Since locoregional recurrence is infrequent in
patients without lymph node disease, the addi-
tion of EBRT should be discouraged.

In 1985 Tubiana et al. reported on 97 patients
treated with EBRT after incomplete surgery
[108]: local recurrence at 15 years was 11% in
the irradiated group compared to 23% for those
treated with surgery alone. More recently Tsang
et al. reported on 207 patients (155 papillary, 52
follicular) with residual microscopic disease
postoperatively [12]. In the subgroup of papil-
lary cancers, those irradiated had a 10-year
cause-specific survival (CSS) of 100% and a
local relapse-free rate (LRFR) of 93%; in com-
parison, the non-irradiated group had a CSS of
95% (P = 0.038) and LRFR of 78% (P = 0.01).
EBRT did not significantly affect CSS or LRFR
for follicular tumors. The most plausible expla-
nation is that patients with follicular tumors
have a worse survival due to hematogenous
spread and any effects of local treatment may be
obscured by this biological pattern of behavior.

The presence of gross inoperable macro-
scopic disease is another indication for EBRT. In
our retrospective study, EBRT achieved com-

Table 15.2 Indications for external beam radiotherapy in differentiated thyroid cancer

Postoperative:
High dose: 3D conformal plan for phase II or intensity modulated radiotherapy (IMRT)
Known macroscopic disease: 131I + 66 Gy + 131I
Known microscopic disease: Age > 45, poor differentiation, Hürthle cell carcinoma
No known residual tumor: Extensive pT4, extracapsular node extension, recurrent disease

Palliative irradiation:
35 Gy 15# over 3 weeks or 6 Gy once weekly
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plete regression in 37.5% and partial regression
in 25% [109]. Similarly, Chow et al. [110] re-
ported the beneficial effects of EBRT in patients
with gross macroscopic residual disease with an
improvement in local control from 24% to 56%
at 10 years (P < 0.001). EBRT is also effective for
advanced and recurrent inoperable Hürthle cell
carcinoma, claiming a relatively more important
role because this tumor takes up iodine less fre-
quently [111].

Despite the small study size, the 5-year local
recurrence rates from Birmingham indicate a
possible dose response [112]. These were 63%
following a dose of less than 50 Gy but only 15%
and 18% for doses of 50–54 Gy and more than
54 Gy.

Our policy is to use EBRT infrequently
because high dose is required and side effects,
especially oesophagitis, are unavoidable. The
phase I target volume comprises both sides 
of the neck (bilateral deep cervical plus supra-
clavicular nodes), thyroid bed and superior
mediastinum from the level of the hyoid down
to the carina, with shielding of the subapical
portions of the lungs (Figure 15.7A and B).
Anterior and undercouched fields ensure 
comprehensive coverage, with the patient su-

pine and neck maximally extended. Lead pro-
tection of the submandibular salivary glands is
required if the treatment volume needs to
extend proximally to the tips of the mastoid.
A Perspex shell is then fashioned for the phase
II volume which includes sites of micro- 
or macroscopic tumor. We recommend three-
dimensional planning and conformal beam
shaping assisted by a multileaf collimator
(Figure 15.7C, D, and E). The aim is to deliver 
60 Gy in 30 daily fractions over 6 weeks using
4–6 MV photons. The phase I prescription
should be a dose of 46 Gy in 2 Gy daily fractions
(maximum spinal cord tolerance) with phase II
delivering 14 Gy in seven fractions. Known
residual tumor in the region of the thyroid bed
or neck nodes may be treated with a small phase
III volume, adding 6 Gy in three fractions, pro-
vided there is no additional dose to the spinal
cord. Intensity-modulated radiotherapy can
improve the dose distribution by minimizing
dose to the spinal cord and thus permit dose
escalation [113].

A brisk cutaneous erythema is invariable
with acute radiation esophagitis, which devel-
ops during the third week of radiotherapy.
Liquid analgesics, liberal hydration, and ade-

Figure 15.7 A and B Phase I: routine phase I comprising anterior and undercouched fields extending from hyoid to carina exclud-
ing parotid and submandibular salivary glands. Multileaf collimator protects infraclavicular portions of lungs. Chinstrap immobiliza-
tion as an alternative to a Perspex shell avoids build-up to the skin and reduces skin toxicity. Occasionally, the upper deep cervical
level II nodes must be treated, with the beam extending to the mastoid tips. The mandible and submandibular salivary glands still
deserve protection. C Therapy CT scan for planning: large inoperable tumor displacing and compressing trachea. D and E Phase II:
right anterior oblique beam encompasses residual tumor and also covers spinal cord. Left anterior oblique beam avoids spinal cord
by use of multileaf collimator, limiting total dose to 46 Gy.

A,B

D E

C
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quate dietary intake are required. Symptoms
resolve within 2 weeks after completion of treat-
ment. Acute laryngitis and dysphonia also
resolve completely. Late effects include dyspha-
gia, which may occur months or years later
caused by stricture or motility changes as a
result of muscle or nerve damage. Reduction in
the length of the esophagus in the phase II
volume minimizes such risks. Due to shielding
of the subapical portions of the lungs, apical
fibrosis may be visible on chest radiograph but
is of no clinical significance.

Palliative radiotherapy is indicated for fun-
gating nodes, bleeding, stridor, dysphagia, and
superior vena caval obstruction due to progres-
sive disease. Bone metastases causing pain, ver-
tebral involvement threatening the spinal cord,
long bone involvement if there is a potential for
fracture, and brain metastases should also be
treated with palliative radiotherapy. Tumor in
the lung or mediastinum can be treated if un-
resectable. Low dose treatment is inadequate;
35 Gy in 15 fractions is required, or 6 Gy once
weekly for up to four fractions when the central
nervous system is not in field.

Chemotherapy
Experience with chemotherapy in DTC is
limited by the rarity of tumors not controlled by
surgery, radioiodine, or external beam radio-
therapy. However, a minority of patients who 
do not respond to conventional therapy may
survive with minimal symptoms. Because
presently available drugs are of limited benefit
and cause significant morbidity our practice is
to reserve chemotherapy for patients with pro-
gressive and symptomatic disease that fails to
concentrate radioiodine [114].

Doxorubicin (Adriamycin) is the anthracy-
cline cytotoxic most extensively used with
response rates of 30–40%. It is rapidly meta-
bolized by the liver but is myelosuppressive 
and causes gastrointestinal toxicity. Long-term
administration is limited by dose-dependent
cardiotoxicity. Irreversible cardiomyopathy may
occur in patients who have received total doses
in excess of 500–550 mg/m2. However, cardiac
toxicity may also be induced by lower cumula-
tive doses. Doxorubicin is therefore contraindi-
cated in patients with major cardiac disease and
patients with impaired liver function.

In 1975 Gottlieb and Stratton Hill reported 
a series of 43 patients treated with doxorubicin
75 mg/m2 every 3 weeks: complete or partial
response was seen in 35% [115]. In 1987 a review
of all published data estimated the overall
response rate to be 38% [116], with the usual
effective dose 60–90 mg/m2 every 3 weeks or 
10 mg/m2 once a week. The best responses 
were observed in patients with pulmonary
metastases, followed by bone metastases, and
locoregional disease. A prolonged median sur-
vival from 3–5 months (nonresponders) to
15–20 months (responders) was reported [116].

Aclarubicin, a newer agent less cardiotoxic
than doxorubicin, has also been assessed [117]:
25–30 mg/m2 given daily for 4 days and repeated
every 3 weeks achieved a 22% response rate in
a series of 24 patients. The challenge remains,
however, to find a suitable and effective agent
with minimal cardiac toxicity. This may be 
possible with the introduction of polyethylene
glycol-coated (pegylated) liposomal doxoru-
bicin (Caelyx). A multicenter prospective study
is ongoing in the UK (Newcastle, U. Mallick)
with the administration of liposomal doxoru-
bicin to any advanced metastatic thyroid cancer.
Other agents including bleomycin, cisplatin,
somatostatin analogues, interferon-a, and inter-
leukin-2 used as monotherapy have failed to
demonstrate significant clinical benefit.

Combination therapy which includes doxoru-
bicin has been assessed in the hope of additional
tumor response. Doxorubicin with cisplatin 
has been compared with doxorubicin alone.
Shimaoka et al. described 41 patients who re-
ceived doxorubicin (60 mg/m2 every 3 weeks) as
monotherapy [118]: partial response was seen
in only 7 (17%). Forty-three patients received
combination treatment (doxorubicin 60 mg/m2

3-weekly and cisplatin 40 mg/m2), of whom 11
had either a partial or complete response (26%).
Overall response rates were not significantly 
different between the two groups but com-
plete response was seen only in the combination
therapy group and lasted more than 2 years in
four of five patients. A second prospective study
with doxorubicin and cisplatin was carried out
in 22 patients with all types of advanced thyroid
cancer [119]: only brief partial response was
seen in two cases (10%). Similarly, the combi-
nation was found to be ineffective in a series
from the Institut Gustave-Roussy [120]. In all
studies, serious toxicity occurred more often in
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patients treated with combination therapy.
Chemotherapy may be beneficial in patients
with advanced non-iodine avid thyroid cancer
by inducing uptake of subsequent radioiodine
therapy. Morris et al. reported on a patient
treated with cisplatin and doxorubicin in whom
repeat 131I imaging after three cycles showed
significant uptake in previously non-iodine avid
lesions [121].

Other combination protocols including dox-
orubicin have failed to show a therapeutic effect
superior to doxorubicin monotherapy. This in-
cludes combination with bleomycin, etoposide,
5-fluorouracil, and cyclophosphamide.

Doxorubicin in combination with EBRT may
be effective in treating unresectable locally
advanced disease refractory to radioiodine. Kim
and Leeper reported on 22 patients with DTC
given doxorubicin (10 mg/m2 per week) with
concomitant radiation at doses of 2 Gy/day for 
5 days each week to a total of 56 Gy [122]. The
results revealed a 91% complete response rate,
77% long-term local control, and overall sur-
vival of 50% at 5 years. Significant toxicity was
observed, with all patients developing esopha-
gitis and tracheitis within 4 weeks, but none
demanded discontinuation of treatment.

In conclusion, doxorubicin monotherapy still
provides the best clinical results with overall
response rates of 30–40% and combination
therapy is not superior. Chemotherapy should
be given only to patients with unresectable
symptomatic progressive disease which is non-
iodine avid and not amenable to external irra-
diation. Even in these patients, the possible
benefit from chemotherapy should be weighed
against quality of life without systemic 
treatment.

Conclusions
There has been substantial progress in our
understanding of thyroid cancer over the past
few decades [123]. Despite the lack of random-
ized studies, there have been improvements in
overall management and through information
derived from retrospective series, treatment
policies have become evidence based.

Surgery remains the initial and potentially
curative treatment. After total thyroidectomy
and paratracheal lymph node sampling ± selec-
tive node dissection, ablation of thyroid rem-

nants with radioactive iodine reduces the risk of
locoregional recurrence and death from cancer
in patients with poor prognostic factors.
Radioiodine therapy is the mainstay of treat-
ment for disseminated thyroid cancer; a worth-
while proportion of patients can be cured and
in others durable palliation can be achieved.
Treatment is well tolerated and serious long-
term complications are rare. Management of all
patients by a multidisciplinary team in a spe-
cialized unit, publication of national guidelines
by the British Thyroid Association, registration
of all new cases with prospective data collection,
and regular audit of outcomes are guaranteed to
further improve patient outcome.
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Introduction

The earliest clinical use of radioiodine in the
treatment of thyroid cancer was reported 
by Hamilton in 1940. Since those early days
dramatic responses and cures have been 
documented even in disseminated tumors,
establishing iodine as the most effective non-
surgical treatment for thyroid cancer [1]. Most
adult patients with tumors greater than 1 cm
will be treated with an ablation dose (usually
3–3.7 GBq, 81–100 mCi) of 131I while those with
adverse prognostic factors or metastatic disease
will need to receive several doses of radioiodine.
The safety of 131I is well documented [2]. Acute
toxicity is mild – side effects include nausea,
sialoadenitis, neck discomfort, and transient
hematological depression. Late complications
such as pulmonary fibrosis, myelodysplasia,
leukemia, and second malignancies are rare.
The risk of leukemia and possibly second
cancers increases with high cumulative dose of
131I [3].

Differentiated thyroid cancer is not uncom-
mon in women of childbearing years or in
young men, and can also affect children, partic-
ularly those previously exposed to radiotherapy
to the head and neck. For this group of patients
prognosis is excellent with a long-term survival
of over 90% [1]. In recent years the possibility
of long-term gonadal damage from radioactive
iodine has become increasingly appreciated and
the subject of several reports.

Effects on Female Fertility

In normally menstruating women, ovarian
function depends on pituitary production of
follicle-stimulating hormone (FSH), which
stimulates the ovarian follicular granulosa cells
to develop and produce estradiol. This causes
feedback inhibition of the pituitary maintaining
FSH at a low level.At puberty approximately 200
000 ovarian follicles are present and functioning
in the ovary. This number progressively declines
with age to approximately 400 at the time of
menopause. Fertility in women can be assessed
from the menstrual history and by measuring
FSH levels. Persisting amenorrhea with FSH
levels more than 30 IU/L implies the onset of
menopause.

Radiation produces dose-related gonadal
damage to both the germ cell and the endocrine
component of ovarian tissue. Experience with
external beam radiotherapy suggests that the
probability of infertility for a given dose of radi-
ation increases with age; treatment with 4 Gy
will produce infertility in only 30% of young
women but in 100% of those over the age of 40.
In addition, resumption of menstruation 
has been seen in adolescents irradiated to doses
as high as 20 Gy [4]. The same age effect is 
recognized following exposure to chemother-
apy drugs.

Following administration of high activities of
131I, menstrual irregularities have been reported
in 20–30% of premenopausal female patients
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[5]. Amenorrhea has been reported to occur
within 6 months after treatment but lasted only
for a short time (less than 6 months in most
patients). In our retrospective analysis of 409
female patients under the age of 40 years, 8%
developed amenorrhea lasting 4–10 months and
12% reported menstrual changes such as lighter
menses and shorter or longer cycle but these
reverted to normal within 6 months [6]. Patients
who developed temporary amenorrhea were
older (median age 36, range 29–40) compared
with those who either had mild menstrual
changes (median age 28 years) or no changes
(median age 31 years). In our study only women
under the age of 40 were included; however, we
noticed four older patients (age 44–46 years)
who became menopausal following radioiodine
therapy. These observations possibly indicate a
higher ovarian sensitivity to irradiation with
older age.

High serum FSH/luteinizing hormone (LH)
values in women with temporary amenorrhea
following radioiodine therapy indicate tempo-
rary ovarian failure [5]. Contributing factors are
not known. Both psychological stress leading to
hypothalamic amenorrhea and hypothyroidism
have been implicated. However, in most cases
amenorrhea appears 1–3 months after treat-
ment when the patient is on thyroxine replace-
ment. This interval also excludes an action of
radioactivity on the maturing follicle, possibly
suggesting an effect on the oocytes involved in
future cycles.

After radioiodine administration, sources of
radiation to the ovaries are the blood, bladder,
gut, and functioning metastases close to the
ovaries. Based on the Medical Internal 
Radiation Dose (MIRD) estimate, the dose
received by each ovary is 0.14 cGy/37 MBq (1
mCi) [7]. However, the “ideal MIRD model”
subject is morphologically bigger than the
average patient and the kinetic model used
applies to euthyroid patients; iodine-treated
patients are severely hypothyroid at the time of
administration and renal clearance of iodine is
decreased, resulting in a more prolonged
gonadal exposure. Mathematical models taking
into account individual patient morphology
lead to ovarian dose estimates approximately
threefold higher (0.4 cGy/37 MBq (1 mCi).
Applying this model to a group of 50 patients
with metastases treated with a dose of 10–
11.1 GBq (300 mCi) 131I, no difference was found

between the calculated dose to the ovary in 12
patients who developed amenorrhea (1.29 ±
0.33 Gy) and 33 who did not (1.08 ± 0.33 Gy) [8].

Despite the documented ovarian dysfunction
following radioiodine therapy, there is no indi-
cation that this is correlated with lasting infer-
tility. Several large studies have reported that
exposure to radioiodine does not affect the
outcome of subsequent pregnancy or offspring
[6,9–12]. An early study in children and adoles-
cents treated with a mean total dose of 196 mCi
of radioiodine reported a 12% incidence 
of infertility, 1.4% incidence of miscarriage, 8%
incidence of prematurity, and 1% incidence of
congenital anomaly; these rates were not
significantly different from those of the general
population [11]. In our series, a total of 427 chil-
dren were born to 276 women. Seven patients
were advised against conception and 125 had no
wish to have children. Four premature deaths
and 14 spontaneous abortions were reported
but no malformations [6]. In the Gustave-
Roussy series an increased incidence of miscar-
riage (20%) was seen especially within the first
year after 131I administration. However, whether
and to what extent this is related to gonadal irra-
diation rather than to suboptimal control of
thyroid status could not be established. With 
the exception of miscarriages, there was no 
evidence that exposure to radioiodine affects
the outcome of subsequent pregnancies and 
offspring [12]. ARSAC (Administration of
Radioactive Substances Advisory Committee)
recommends a minimum period of 4 months
before conception as the dose to the fetus should
not exceed 1 mGy [13]. Suppressive thyroxine
therapy should continue during pregnancy and
thyroid function tests should be monitored 
regularly to ensure that thyroid-stimulating
hormone (TSH) remains suppressed as thy-
roxine requirements may increase during 
pregnancy.

Effects on Male Fertility
Sperm production in males is maintained by
production of FSH by the pituitary and regu-
lated by a negative feedback mechanism by
inhibin produced by the seminiferous tubules
within the testes. Androgen production is main-
tained by pituitary production of LH, also con-
trolled by a negative feedback mechanism by
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production of testosterone by the testicular
Leydig cells. Fertility in men is assessed by
semen analysis with assessment of sperm 
concentration, motility, and percentage of
abnormal forms. An alternative, although less
accurate, method of assessing spermatogenesis
is by measuring FSH levels; elevated levels are
associated with poor spermatogenesis.

The spermatogonia (germinal epithelium)
are very sensitive to radiation and unlike 
most tissues are not spared by fractionation
[14]. Transient suppression of spermatogenesis
occurs with doses as low as 0.5 Gy. Following a
dose of 2–3 Gy there is a period of azoospermia,
after which full recovery is expected by 3 years.
At doses of 4–6 Gy recovery is not universal and
may take up to 5 years [15]. After 6 Gy there is a
high risk of permanent sterility. The Leydig cells
are more resistant to irradiation but doses in
excess of 15 Gy may affect their function and
production of testosterone.

Following 131I administration, sources of radi-
ation to the testes are the blood, bladder, gut,
and functioning metastases close to the testes.
Another source of testicular irradiation is
derived from organified 131I, which is incorpo-
rated into a variety of iodoproteins. These have
relatively long half-lives and produce continu-
ous blood-borne irradiation for weeks [16]. The
MIRD to the testes is 0.085 cGy/37 MBq (1 mCi)
in euthyroid adults [7]. Theoretical models
taking into account the hypothyroid status of
the patients, which decreases renal clearance of
iodine resulting in a more prolonged exposure,
suggested a higher testicular dose in the order
of 0.5–1 cGy/37 MBq [17]. Thus the cumulative
radiation dose following a standard ablation
iodine activity of 3 GBq (81 mCi) is approxi-
mately 40–80 cGy. Using thermoluminescent
dosimetry (TLD) we measured the dose in 14
patients; the mean dose to each testis was 
6.4 cGy, 14.1 cGy, and 21.2 cGy following ad-
ministration of 3, 5.5 and 9.2 GBq (81, 149 and
249 mCi) of 131I, respectively. Testicular dose was
higher following administration of larger iodine
activities but still smaller than that estimated
[18]. All of our 14 patients had persistent uptake
of 131I only in the neck and excreted the iodine
relatively quickly; both factors would have con-
tributed to the low absorbed testicular dose.
Obviously the measured dose on the surface 
of the scrotum is likely to be less than that
absorbed by the testes.

The serum FSH level is the best marker of
germinal cell failure and serial measurements
have been suggested as a useful prognostic indi-
cator for recovery of spermatogenic function,
since falling values indicate stem cell repopu-
lation. We noted an elevation in serum FSH 
level even with low absorbed testicular doses.
Mean FSH levels were lower before than after 
131I administration: 6.3 ± 4.1 versus 16.3 ±
4.8, respectively (normal range 3–12 IU/L).
However, the levels normalized in all patients
within 9 months from the last administra-
tion. Similar results were reported by Pacini 
et al., who found an increase in FSH levels in
36.8% of patients treated with high activities 
of radioiodine, as well as a positive correla-
tion between FSH levels and the cumulative
dose of 131I received [19]. They also noted that
in most patients FSH levels returned to normal
6–12 months after treatment but remained con-
stantly elevated in four who had been treated
with several doses of iodine, indicating perma-
nent damage to the germinal epithelium.
In another study a threshold dose of 100 mCi
(3.7 GBq) 131I for testicular damage was sug-
gested since no elevation in serum FSH was seen
in men treated with a single dose up to 100 mCi
[20].

Fifty-nine patients in our series fathered 106
children 3.5–18 years after iodine treatment and
none of the others reported infertility. Because
of these results, as well as the low testicular dose
measured using TLD, we did not perform semen
analysis. There is, however, some evidence 
that iodine therapy can cause oligo- and even
azoospermia which is correlated with cumula-
tive dose [21]. Postmortem findings of testicu-
lar atrophy with absent spermatogenesis have
been reported in three men aged 53–75 years
treated with cumulative 131I doses of 17 to 
30.4 GBq (459 to 820 mCi) and external beam
radiotherapy [22]. It is not clear whether these
postmortem changes were due only to iodine
therapy since other factors such as age, hypothy-
roidism, and terminal disease might have con-
tributed. The administration of therapeutic
doses of ionic forms of longer-lived radionu-
clides is a possible source of concern because of
the appearance of quantities of such radionu-
clides in ejaculate and in sperm. It may be
prudent, therefore, to advise sexually active
males who have been treated with 131I to avoid
fathering children for a period of 4 months
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(suggested as it is greater than the life of a sperm
cell) [13].

Our data as well as those of others indicate
that radioiodine treatment for differentiated
thyroid cancer may cause a transient impair-
ment of testicular function. For patients who are
treated with a single ablation dose, testicular
function recovers within months and the risk of
infertility seems negligible. However, gonadal
damage may be cumulative in those who require
multiple administrations for persistent disease.
In addition to efforts aimed at reducing radia-
tion exposure such as generous hydration with
frequent micturition and avoidance of consti-
pation, sperm banking may need to be consid-
ered in these patients [23].

Conclusion
Efforts should be made to reduce at least 
some of the radiation sources to the gonads.
These include generous hydration (2–3 liters 
per day) with frequent micturition and avoid-
ance of constipation using regular laxatives
prior and during iodine administration. As with
any form of radiotherapy, careful appraisal of
the risks and benefits of radioiodine treatment
is mandatory, especially when advising repeated
doses to young patients [23]. Since there is 
evidence of cumulative gonadal damage with
repeated iodine administration, it is recom-
mended that the total cumulative iodine activ-
ity should be kept as low as possible [24]. In vivo
dosimetry, which measures the actual absorbed
dose received by remnant thyroid tissue, func-
tioning metastatic disease, and normal organs
with a view to optimizing the administered
iodine dose, may help in achieving this goal
[25].
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Section V
Follow-up Management of Differentiated 
Thyroid Cancer



Introduction

Thyrotropin (TSH), a specific and potent
thyroid stimulator, is essential for normal
thyroid function, promoting iodide uptake and
thyroglobulin (Tg) synthesis and cell growth.
Papillary and follicular thyroid carcinomas, and
their metastases, retain some features of normal
thyroid tissue, including iodine uptake and 
Tg synthesis, upon stimulation by TSH. These
properties are suited for the postsurgical follow-
up and for treatment of persistent and recurrent
disease: 131I whole-body scan (131I-WBS) and
serum Tg measurement at the diagnostic level
and 131I administration at the therapeutic level.

In the absence of TSH stimulation, radioio-
dine uptake is not elicited and serum Tg is sup-
pressed to undetectable levels in at least 5% of
patients with micronodular lung metastases and
in 20% of patients with lymph node metastases.

Multiple metabolic defects being present in
thyroid cancer tissue, both procedures to be ef-
fective require intensive TSH stimulation. This is
typically achieved by withdrawing L-thyroxine
therapy for 4 to 6 weeks to induce a transient
state of hypothyroidism, under which high
serum TSH (>25 mU/L) can stimulate iodine
uptake and Tg secretion [1]. During this period,
patients experience signs and symptoms of
hypothyroidism which may be severe and may
result in substantial impairment of the patient’s
quality of life and ability to work [2–4]. In addi-
tion, once L-T4 treatment is resumed, it may take

up to 10 weeks for serum TSH to normalize,
and this prolongs the impact of hypothyroidism
on the patient’s life. Furthermore, prolonged
periods of TSH hyperstimulation may be asso-
ciated with increased growth of metastatic
thyroid tissue.Also, hypothyroidism may induce
changes in drug metabolism and may worsen
concomitant pathological conditions.

To overcome the inconvenience of hypothy-
roidism, several procedures have been used,
such as substituting the more rapidly metabo-
lized triiodothyronine (L-T3) for thyroxine for 3
weeks and then withdrawing it for 2 weeks. This
procedure proved to be effective, and reduces
but does not avoid signs and symptoms of
hypothyroidism. Other authors have simply
reduced the L-T4 dose by 33–50%, but the effec-
tiveness of this procedure as compared with
withdrawal has not been documented.

In the past, exogenous administration of
bovine TSH (bTSH) (10 U for 3 consecutive
days) was successfully employed to stimulate
radioiodine uptake in thyroid cancer patients,
without the need for withdrawing thyroid
hormone therapy. However, bTSH was less effec-
tive than endogenous TSH, was associated with
adverse reactions, including urticaria and ana-
phylactic shock, and induced TSH antibodies.
The potential use of human TSH (hTSH)
purified from pooled pituitary glands obtained
at autopsy is similarly unsuitable, due to the
possible transmission of Creutzfeldt–Jakob
disease, as observed in patients treated with
human growth hormone (hGH).
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Production of Recombinant
Human TSH (rhTSH)
TSH is a pituitary heterodimeric glycoprotein
composed of an a-subunit common to gonado-
tropins and a hormone-specific-b-subunit.
Once the b-subunit of the human TSH gene had
been cloned, the encoded protein could be over-
expressed in a cell system, by transfection with
the human a- and b-subunits of complementary
or genomic DNA. With this technique, high
quantities of highly purified rhTSH with bio-
logical properties similar to native TSH can be
obtained.

In vitro studies have shown that rhTSH can
effectively stimulate cAMP production in a rat
thyroid cell line (FRTL-5 cells), and promote the
growth of human fetal thyroid cells. The biolo-
gical efficacy of rhTSH was then demonstrated
in monkeys, in which it was able to increase
serum T4 and T3 concentrations and thyroidal
radioiodine uptake [5]. In human volunteers, a
single dose of 0.1 mg rhTSH was a potent stim-
ulator of thyroid function [6], and single doses
higher than 0.1–0.3 mg do not seem to further
enhance thyroid hormone or Tg secretion. The
serum Tg response to rhTSH occurred later
than the serum T3 and T4 response, with a peak
serum level at day 2. Finally, a single intramus-
cular (IM) dose of 0.9 mg increases thyroid
uptake by approximately 100% [7].

Pharmacokinetic studies showed that the
mean peak serum TSH level was achieved
within 4–6 hours after each injection. Following
the intramuscular injection of 0.9 mg, the mean
peak serum level was 116 ± 38 mU/L; serum
half-life was 22.3 ± 8.5 hours and serum TSH
remained above 30 mU/L for approximately 2
days. The extent of TSH stimulation depends on
both the serum TSH level since rhTSH admin-
istration and the duration of elevated serum
TSH levels and is best expressed by the area
under the curve.

The product was approved for human use,
upon completion of two phase III pivotal studies
on thyroid cancer patients [8,9] with the name of
Thyrogen (Genzyme Therapeutics, Cambridge,
USA). The cost of the rhTSH test (2 vials) is over
1000 euros. This price may appear to be very
high, but it should be considered as relatively
modest when weighed against the benefits for
the patient (see below). Moreover, knowing that

rhTSH is available, patients strongly request
treatment with this modality to avoid prolonged
episodes of hypothyroidism.

Diagnostic Use of rhTSH
Early Clinical Trials
The availability of large quantities of rhTSH
prompted clinical trials in patients with papil-
lary and follicular thyroid cancer to investigate
its safety and efficacy in promoting radioiodine
uptake and Tg secretion.

Efficacy
A first study (phase I/II), completed in 1994 in
19 patients after a recent thyroidectomy for dif-
ferentiated thyroid cancer (DTC), demonstrated
the safety and the efficacy of rhTSH in promot-
ing 131I uptake [10]. Based on previous dose-
finding studies the dose of rhTSH was fixed at
0.9 mg for 2 consecutive days.

The encouraging results of this limited study
were confirmed in a larger multicenter phase III
study conducted between 1992 and 1995 in the
USA in 127 patients [8]. Using a single daily
injection of 0.9 mg of rhTSH for 2 consecutive
days, the 131I whole-body scan was equal to that
obtained after thyroid hormone withdrawal 
in 86% of the patients and inferior in the
remaining patients. This study had some
methodological limitations, including the use of
non-uniform 131I doses (74–148 MBq, 2–4 mCi),
different scanning times and techniques,
and the inclusion of only a few patients 
with metastatic disease. Furthermore, serum Tg
testing was not a study endpoint.

To overcome these limitations, a second 
multicenter phase III trial, including US and
European centers, was designed [9]. The study
included the comparison of two arms receiving
different regimens of rhTSH given at a fixed
dose of 0.9 mg (once daily injection for 2 con-
secutive days versus 3 injections, 3 days apart),
a fixed tracer dose of radioiodine (148 MBq,
4 mCi) and the analysis of serum Tg as a 
marker of disease. Serum Tg testing and 131I-
WBS obtained after rhTSH and after thyroid
hormone withdrawal were compared: 131I -WBS
were similar in more than 90% of the patients,
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and serum Tg responses were comparable
between the two methods. Among patients with
persistent or recurrent disease, 80% had con-
cordant scans, 4% had superior rhTSH scans,
and 16% had superior withdrawal scans. Serum
Tg was detectable (≥2 ng/mL) in only 80% of
these patients during L-T4 therapy and was
detectable in 100% following both rhTSH and
withdrawal. The peak serum Tg was usually
observed 2–3 days after the last injection of
rhTSH. The shorter duration of stimulation
with rhTSH is likely to have an impact on Tg
levels and radioiodine uptake. In fact, the serum
Tg level attained following rhTSH stimulation
was usually lower than following withdrawal,
but Tg was still detectable in all patients with
persistent or recurrent disease investigated;
this underlines why a sensitive IRMA method
should be used and why all detectable serum Tg
levels should be taken into account, even low
levels. Furthermore, radioiodine uptake was
also lower with rhTSH, and this was attributed
both to a shorter duration of stimulation and to
decreased bioavailability of radioiodine after
rhTSH (euthyroid status) than following with-
drawal (hypothyroid status). In fact, hypothy-
roidism decreases the renal clearance of iodine
and increases its body retention, thus increasing
its bioavailability for thyroid cells but also the
body radiation dose. This underscores the need
for a diagnostic dose of 131I of 4 mCi and not less
and for scanning 2 days after the dose using
standardized procedures.

In conclusion, the combination of serum Tg
and of 131I-WBS was more informative than 
131I-WBS alone and even more important,
rhTSH-stimulated Tg detected all patients 
with persistent or recurrent disease.

Tolerance
rhTSH avoids the consequences of prolonged
withdrawal, including:

1. The usual signs or symptoms of hypothy-
roidism, and its consequences for organ
function in particular on the brain, heart,
liver, and kidney; it avoids the worsening
of any associated disease, and also the
hazards of any drug therapy induced by 
a decreased renal or hepatic function;
finally, modification of physiology induced
by hypothyroidism is avoided and thus any

vital function is conserved and any asso-
ciated impairment be avoided.

2. Moderate to severe impairment of the
ability to work and difficulties in operating
a motor vehicle; these consequences are
usually underscored by the patients them-
selves, and are significant because these
patients are typically young or middle
aged. The number of days of work missed
by the patient was reduced by about 14
days when rhTSH was used instead of
withdrawal.

3. As a consequence, quality of life was 
maintained and was much better during
rhTSH than during hypothyroidism.
Patient preference for rhTSH over with-
drawal is universal. Side effects were
minimal, being observed in less than 10%
of patients, and consisted mainly of mild
and transient nausea and headache, and
no patient developed detectable anti-
rhTSH antibodies.

Protocol
According to the results of these trials, the
optimal protocol for using rhTSH in thyroid
cancer patients is as follows:

• The dose is fixed at a once daily intramus-
cular injection of 0.9 mg of rhTSH for 2
consecutive days.

• A 131I dose of at least 148 MBq (4 mCi) is
administered on the day following the
second injection of rhTSH.

• A whole-body scan is performed 48 h after
radioiodine administration, with stan-
dardized procedures.

• Serum Tg determination is performed 3
days after the second injection of rhTSH.
Indeed, sera containing interferences from
antithyroglobulin antibody should be
excluded from the analysis, and a sensitive
IRMA method should be used to measure
serum Tg.

• Serum TSH may also be measured, but
only to ensure that rhTSH has been
injected. If TSH is measured, it should be
measured 1 or 3 days after the second
rhTSH injection.

• During this procedure, thyroxine treat-
ment is maintained. Urinary iodine excre-
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tion was slightly increased as compared
with hypothyroidism, in relation to the
iodine content of L-thyroxine, but was
always far below 200mg, and this increase
probably did not affect the iodine uptake
after a strong stimulation with rhTSH.

Altogether, these clinical trials have clearly
shown that rhTSH is an effective and safe alter-
native to thyroid hormone withdrawal in the
postsurgical diagnostic follow-up of patients
with papillary and follicular thyroid cancer.
The cost of injections is well balanced with the
advantages of its use. These studies confirmed
the rationale for the use of rhTSH in clinical
practice and showed its potential benefit and
possible limitations, paving the way for a large
series of subsequent clinical studies.

Additional Clinical Studies
Robbins et al. [11] in a retrospective analysis of
289 thyroid cancer patients undergoing routine
follow-up testing, including 139 patients with
metastatic disease, compared results in patients
who were prepared by thyroid hormone with-
drawal and patients who received rhTSH.
No significant difference in the diagnostic 
accuracy of 131I-WBS and/or Tg was found,
confirming that preparation with either rhTSH
or thyroid hormone withdrawal is diagnosti-
cally equivalent.

Several authors explored the possibility that
rhTSH-stimulated Tg levels may represent the
only necessary test to differentiate patients with
persistent disease from disease-free patients.

Pacini et al. [12] reported a prospective study
in 72 consecutive patients with undetectable 
(<1 ng/mL) basal serum Tg. They performed an
rhTSH-stimulated serum Tg and then withdrew
thyroid hormone therapy for 131I-WBS and
serum Tg determination. This study showed
that rhTSH-stimulated Tg permitted the dis-
tinction of disease-free patients (rhTSH/Tg 
<1 ng/mL) who all had normal 131I-WBS from
patients with disease (detectable rhTSH-
stimulated Tg) who needed further diagnostic
or therapeutic procedures. There was a strong
concordance between Tg obtained following
rhTSH and withdrawal. However, in 12% of
cases, serum Tg was detectable after thyroid
hormone withdrawal and undetectable after
rhTSH stimulation, but this was always associ-

ated with either a negative WBS or faint uptake
in the thyroid bed.

Mazzaferri and Kloos [13] retrospectively
studied 107 thyroid cancer patients who under-
went rhTSH-stimulated testing 10 months to 35
years after initial thyroidectomy and 131I abla-
tion. About 50% of these patients were at high
risk of tumor recurrence and five had distant
metastases during the course of the follow-up
period. Eleven patients (10%), all of whom had
rhTSH-stimulated serum Tg levels >2 ng/mL,
were found to have persistent disease (4 in
lungs, 5 in lymph nodes, 2 in other sites). In no
cases did an rhTSH-stimulated 131I-WBS indi-
cate the location of the tumor.A serum Tg <2ng/
mL was found in 87 patients, none of whom 
had a positive 131I-WBS. In this study an rhTSH-
stimulated serum Tg (with a cutoff level of
2ng/mL) had a sensitivity of 100% and a negative
predictive value of 100%. Finally, nine patients
had serum Tg above 2 ng/mL and no other evi-
dence of disease. The authors concluded that
tumor amenable to early therapy may be found
when rhTSH-stimulated serum Tg rises above 
2 ng/mL, without performing a diagnostic WBS.

Haugen et al. [14] retrospectively compared
the sensitivity of the rhTSH-stimulated Tg test
alone in detecting metastatic disease with that
of rhTSH-stimulated WBS with or without the
Tg test. Of the 83 patients (previously treated
with thyroidectomy and ablation), 10 patients
had a positive 131I-WBS. Using a cutoff of
2 ng/mL, 25 patients were Tg positive, and using
a cutoff of 5 ng/mL, 13 patients were Tg positive.
Nine patients combined a positive Tg (cutoff
5 ng/mL) with a negative WBS. After further
evaluation, six of these patients appeared to
have metastatic disease. The authors concluded
that rhTSH-stimulated Tg has a higher sensitiv-
ity than rhTSH-stimulated WBS in detecting
clinically relevant disease.

Torlontano et al. [15] performed an rhTSH-
stimulated Tg determination, a 131I-WBS and a
neck ultrasound examination in 99 patients
with no uptake outside the thyroid bed on the
prior postablative WBS. The study was per-
formed within a year after initial treatment, and
its results can be readily applied to clinical prac-
tice. The diagnostic 131I-WBS was negative in all
cases. rhTSH-stimulated Tg was >1 ng/mL in 21
patients. The ultrasound examination identified
lymph node metastases in 4/6 patients with a Tg
>5 ng/mL, in 2/15 patients with a Tg between 1
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and 5 ng/mL, and in 2/78 patients with a Tg 
<1 ng/mL. This study showed that adding 
neck ultrasonography to rhTSH-stimulated Tg
testing is useful for the first follow-up of low risk
patients. Indeed, some lymph node metastases
evidenced by neck ultrasonography were only a
few millimeters in diameter; however, the clini-
cal relevance of such an early finding has not yet
been demonstrated.

The diagnostic value of combining rhTSH-
stimulated Tg and neck ultrasound was
confirmed in a larger study by Pacini et al. [16].
They studied 340 consecutive DTC patients
treated with near-total thyroidectomy and 131I
ablation. On L-T4 therapy, 294 patients had
undetectable (<1 ng/mL) serum Tg and negative
anti-Tg autoantibodies (TgAb), 25 patients had
undetectable serum Tg and positive TgAb, and
21 patients had detectable serum Tg and nega-
tive TgAb. rhTSH-stimulated Tg alone had a
sensitivity of 85% for detecting disease and a
negative predictive value (NPV) of 98.2%. By
adding the results of neck ultrasound, the sen-
sitivity increased to 96.3% and the NPV to
99.5%. rhTSH-stimulated 131I-WBS had a sensi-
tivity of only 21% and an NPV of 89%. The
combination of rhTSH-stimulated Tg and WBS
had a sensitivity of 92.7% and an NPV of 99%.
The authors concluded that the rhTSH-
stimulated Tg test combined with neck
ultrasonography has the highest accuracy in
detecting persistent disease in the follow-up of
papillary and follicular thyroid carcinoma. A
detectable serum Tg level on L-thyroxine, or its
conversion from undetectable to detectable
after rhTSH and/or suspicious findings at ultra-
sound will allow the identification of patients
requiring therapeutic procedures, without the
need for a diagnostic 131I-WBS.

Wartofsky [17] supported the idea that
testing serum Tg, both on suppression and after
rhTSH stimulation, can help determine therapy.
In his multicentric study [18], he found that 18%
of patients, including 11% with undetectable Tg
on L-T4, ultimately had detectable rhTSH-
stimulated Tg. Based on the results of this study,
this author suggests that patients with a serum
Tg <0.5 ng/mL on suppression, and presumably
in a low risk category, may be followed up with
an rhTSH-stimulated Tg approach in combina-
tion with neck ultrasonography. If the rhTSH-
stimulated Tg remains <1 ng/mL and the neck
ultrasonography is normal, these patients can

be evaluated annually with serum Tg determi-
nation on L-T4 treatment and with neck ultra-
sonography. In patients with slightly higher Tg
(up to 2 ng/mL), he suggested obtaining an
rhTSH-stimulated Tg and 131I-WBS. In patients
with higher Tg, he proposed withdrawing L-T4

for 131I treatment, without previous diagnostic
scanning. One of the objectives of this study was
to analyze the comparability of serum Tg assays
performed in a central reference laboratory
(with a third generation radioimmunoassay)
with those performed in local laboratories (a
variety of immunometric and radioimmunoas-
says). A strong correlation between central and
local laboratory values was found for both base-
line (r = 0.85) and rhTSH-stimulated (r = 0.95)
Tg values, and the number of false-negative
results was not different with any of the
methods used.

Robbins et al. [19] reported a retrospective
study on 366 thyroid cancer patients tested
using rhTSH and results were partly at variance
with the conclusion of the above studies. Using
a cutoff of 2 ng/mL, rhTSH Tg testing alone
failed to detect 13% of patients with metastatic
lesions in whom neoplastic foci were already
known, and the diagnostic 131I-WBS was
informative in nearly half of these cases. In low
risk patients, especially when they already had a
negative diagnostic 131I-WBS, the sensitivity of
rhTSH-stimulated Tg alone was 97%. In this
study, false-negative results were found in
patients who had already been treated with 131I,
and this is in accordance with a previous report
[20] on patients who had repeatedly undergone
131I treatments, and in whom small neoplastic
foci were found at surgery despite undetectable
stimulated serum Tg levels but with persistent
131I uptake in some. In fact, in these patients the
problem is not the diagnosis of persistent or
recurrent disease but rather the treatment of
previously detected neoplastic foci.

Altogether, the information currently avail-
able suggests that patients who have undergone
131I remnant ablation may be followed up by
measurement of basal and rhTSH-stimulated
serum Tg, and this concept was confirmed in
two recent consensus reports, one in the USA
and one in Europe [21,22]. Imaging with 
131I-WBS is indicated only in patients with
detectable basal or stimulated Tg levels (above
a cutoff value to be determined at each institu-
tion), preferably using therapeutic doses of



206 Practical Management of Thyroid Cancer

radioiodine. Patients with undetectable rhTSH-
stimulated Tg can be followed up annually on 
L-thyroxine with serum Tg determination and
neck ultrasonography. Indeed, in case of doubt
or even in routine practice, rhTSH-stimulated
Tg may be obtained every 2 to 5 years to ensure
complete remission, but more data are needed
to validate this practice.

It is noteworthy that the proposal to use TSH-
stimulated serum Tg as the only test in the post-
surgical follow-up of thyroid cancer patients is
not something new and only derived from expe-
rience with rhTSH. In addition, several authors
have demonstrated the limited diagnostic value
of 131I-WBS when patients are tested in the
hypothyroid state. The first observation goes
back to 1980, when serum Tg levels were found
to be elevated in patients with nonfunctioning
metastases [23]. More recently two large retro-
spective studies, one from Villejuif [24] and one
from Pisa [25], developed this concept further.

Conclusion
Studies performed on more than 2000 thyroid
cancer patients have confirmed the results of the
rhTSH pivotal trials. These studies are also in
close agreement with data obtained following
withdrawal of L-T4 treatment. The results of
these studies in total can be summarized as
follows:

1. rhTSH can be effectively used during the
follow-up of thyroid cancer patients:
hypothyroid and euthyroid rhTSH-
stimulated serum Tg levels are comparable
in detecting persistent or recurrent disease.

2. Serum Tg measured 3 days after the
second injection is a highly sensitive tool
for detecting persistent or recurrent
disease.Any detectable Tg level (≥1 ng/mL)
should be taken into account.

3. Serum Tg converts from undetectable
during L-thyroxine treatment to detec-
table following rhTSH in 10–20% of
patients who had no other evidence of
disease. The rare false-negative Tg meas-
urements found in this situation are due to
isolated small lymph node metastases 
in the neck, which could be detected by
ultrasonography.

4. False-negative serum Tg measurements
were also reported in a few patients with
neoplastic foci who were previously
treated with 131I: in these patients with a
small amount of residual disease, serum
Tg may remain undetectable but 131I
uptake may still be present.

5. A detectable serum Tg following rhTSH at
the first evaluation performed within 1
year after thyroid ablation may subse-
quently decrease or even normalize in the
absence of any treatment; thus, it should
be evaluated again a few months later.
Then, in patients with a persistent
detectable serum Tg level, other proce-
dures are warranted to localize neoplastic
foci; one possibility is to administer a high
dose of 131I after thyroid hormone with-
drawal and to perform a WBS 3–7 days
later, in patients with a serum Tg level
above some arbitrary threshold (perhaps
>5–10 ng/mL) or with an increasing Tg
level at consecutive determinations.

6. In contrast, diagnostic 131I-WBS is normal
in patients with undetectable rhTSH-stim-
ulated Tg and does not add significant
information in most patients with detec-
table serum Tg levels following rhTSH.

7. Neck ultrasonography is the most sensi-
tive tool for detecting small lymph node
metastases not visible on 131I-WBS and not
even suggested by an increase in serum Tg
level. Thus, neck ultrasonography and
serum Tg determination performed 3 days
after the second rhTSH injection are
advised as first-line tests.

Based on these considerations, the diagnostic
algorithm of Figure 17.1 may be proposed. It
makes 131I-WBS unnecessary for the follow-
up of a large majority of patients with no evidence
of disease, thereby reducing the risks of exposure
to 131I and the cost of the follow-up protocol.

Therapeutic Use of rhTSH
As mentioned above, withdrawal of L-T4 sup-
pressive therapy in preparation for 131I therapy
may expose patients with metastases in critical
body structures, such as vertebrae or the brain,
to severe complications which are mainly neu-
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Evaluation at the time of ablation: 
Post-therapy WBS, physical examination, Tg: no 

evidence of disease 

Total thyroidectomy and 131I ablation 

3-month follow-up 
TSH, Tg, FT3 on LT4, neck US, physical 
examination: no evidence of disease

6-12-month follow-up:
rhTSH (0.9 mg x 2)-stimulated Tg, neck US and 

physical examination on LT4 

Detectable Tg and other 
abnormalities or Tg > 
institutional cut-off

Undetectable Tg 
No other 
abnormalities 

Tg detectable but 
<institutional cut-off 

Decrease LT4 dose 
Yearly evaluation 

TSH, Tg on LT4 + neck US  

Withdraw LT4 
Treatment with large activity of 

131I and/or surgery 
Post-therapy WBS 

Repeat rhTSH-stimulated  
Tg at • yearly interval 

Tg 
decreasing 

Tg stable or 
increasing 

Figure 17.1 A diagnostic algorithm for use of rhTSH in papillary and follicular thyroid cancer.
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rological. In addition, a small minority of
patients may not be able to elicit a sufficient
response of endogenous TSH after thyroid
hormone withdrawal, due to older age, long-
term suppressive therapy, a concomitant illness,
or pituitary insufficiency which prevents 
adequate uptake of 131I in metastatic foci.
Finally, thyroid hormone withdrawal may be
contraindicated for medical reasons, such as 
a coexistent illness. rhTSH is not approved for
treatment of patients with 131I uptake in
metastatic lesions; however, since 1995, rhTSH
has been administered for this purpose to
several hundred patients around the world
within the framework of a clinical protocol
named “compassionate use program.”

In publications to date, rhTSH has been
applied to stimulate radioiodine treatment in a
total of 116 patients from different centers for a
total of 155 treatment courses. The large major-
ity of these patients were individuals with bulky,
widespread, end-stage cancer. The results of the
treatment are reported in a detailed and com-
prehensive review [26] indicating that rhTSH
appeared to promote radioiodine uptake by
tumor tissue in nearly all patients and that 66%
of 92 patents with adequate follow-up data
achieved some clinical benefit. Due to the more
rapid renal clearance of 131I in euthyroidism
compared to hypothyroidism, a higher 131I dose
should theoretically be administered to achieve
an equivalent dose to the metastatic lesion,
although results from quantitative dosimetric
studies are not yet available.

In some patients, swelling and pain due to
bone metastases were observed after rhTSH
administration. However, the duration of such
symptoms was much shorter than was expected
when therapy is administered during hypothy-
roidism. Caution should be exerted in case of
potential neurological complications and corti-
costeroids should be used to prevent complica-
tions. At this stage, it is not possible to report on
the long-term benefits of this treatment modal-
ity in comparison with thyroid hormone with-
drawal. The general impression is that rhTSH
stimulation may become the modality of choice
as preparation for radioiodine treatment of
metastatic patients provided that additional
investigation, particularly in patients with less
advanced disease than those included in the
“compassionate use program,” confirms the pre-
liminary observation now available.

Thyroid Remnant Ablation

Another condition for which rhTSH is becom-
ing an alternative to prolonged thyroid
hormone withdrawal is postsurgical 131I ablation
therapy.

Between 2001 and the present, four studies
employing rhTSH to promote 131I remnant abla-
tion under TSH suppressive therapy have 
been published. Two studies were performed 
at Memorial Sloan-Kettering Cancer Center
[27,28]. In the first article [27], 10 patients were
given rhTSH (0.9 mg IM each day for 2 days) fol-
lowed by 131I (mean dose 110.3 mCi). Follow-up
diagnostic scans, obtained 5 to 13 months later,
showed no visible uptake in the thyroid bed in
any patient. The second study [28] was a retro-
spective comparison of 87 patients with differ-
entiated thyroid cancer who had undergone
thyroid remnant ablation after a regimen of
rhTSH (n = 45) or L-thyroxine withdrawal (n =
42). The mean amounts of radioiodine given for
ablation were 110.4 mCi and 128.9 mCi, respec-
tively. At follow-up diagnostic scanning done
about 11 months after ablation, it was found that
84% of patients prepared using rhTSH and 81%
of patients prepared by L-thyroxine withdrawal
had complete resolution of visible thyroid bed
uptake.

A lower rate of successful ablation for
patients prepared with rhTSH compared with
patients prepared by withdrawal of thyroid
hormone therapy has been reported in a study
by Pacini et al. [29] using a fixed dose of 30 mCi
131I. The authors studied three groups of patients
with differentiated thyroid cancer, assigned to a
regime of thyroxine withdrawal (n = 50), thy-
roxine withdrawal plus rhTSH (n = 42), and
euthyroidism with rhTSH (n = 70). Diagnostic
scanning then was performed 6 to 10 months
later after withdrawal of L-thyroxine. The
primary definition of successful ablation was
based on no visible uptake of radioiodine in the
thyroid bed. The rates of successful ablation in
the three groups were 84%, 79%, and 54%,
respectively. If successful ablation had been
defined as negative scan or undetectable serum
Tg (<1 ng/mL while off thyroxine) even with
positive uptake on scan, the rates of successful
ablation would have been 88.0%, 95.0%, and
74.1% in the thyroxine withdrawal group, the
thyroxine withdrawal plus rhTSH group, and
the euthyroidism plus rhTSH group, respec-
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tively. A possible caveat of this study is that 131I
was administered 48 hours after the last injec-
tion of rhTSH instead of the usual 24 hours. It
remains uncertain whether this delay might
partly explain the different outcome of this
study compared with the other studies of
rhTSH-assisted remnant ablation. Indeed, a
higher rate of ablation (81%) has been reported
in another study [30] using 30 mCi as a fixed
dose in 16 patients with stage I or II papillary or
follicular thyroid cancer, in which the therapeu-
tic dose was administered 24 hours after the last
rhTSH injection.

More recently, a prospective, randomized
clinical trial has been conducted in the 
USA, Canada, and Europe regarding the ablation
of thyroid remnants in patients with well-
differentiated thyroid cancer who had recently
undergone total or near-total thyroidectomy.
After surgery, a total of 63 patients were ran-
domized to receive thyroid ablation with 100
mCi 131I aided by rhTSH while euthyroid (n = 33)
or by thyroid hormone withdrawal while
hypothyroid (n = 30). The efficacy of the abla-
tion regimens was assessed 8 months later (±1
month) using rhTSH-stimulated 4 mCi radioio-
dine scanning and stimulated serum Tg levels.
As a primary endpoint, the definition of suc-
cessful remnant was a negative neck scan (no
visible uptake, or if visible, less than 0.1%
uptake in the thyroid bed) 8 ± 1 months follow-
ing the ablation treatment. Moreover, stimulated
serum Tg levels also were used to assess the
success of remnant ablation, and a Tg cutoff
level of 2 ng/mL was proposed as a widely
accepted and appropriate cutoff, although
analyses using a cutoff level of 1 ng/mL also
were performed. The trial has been completed
and the results have been analyzed (manuscript
in preparation). The neck scans performed 8
months after ablation showed that 100% of
patients with interpretable scans in both treat-
ment groups had successful ablation using 
the primary endpoint of “no visible uptake, or 
if visible, <0.1% uptake.” Using an rhTSH-
stimulated serum Tg level of <2 ng/mL as the
criterion, remnant ablation was achieved in 86%
of the patients in the hypothyroid group and 
in 96% of the patients in the euthyroid group
(95% CI for difference in ablation rates, euthy-
roid group minus hypothyroid group, -6.9% to
27.1%, which excluded the clinically relevant
difference in the lower bound). If the stimulated

Tg level cutoff of <1 ng/mL is used instead as the
criterion for successful ablation, the rates of abla-
tion in the hypothyroid and euthyroid groups
were 87% and 83%, respectively, with 95% CI -
24.4% to 16.4%. Therefore, judging by the two
objective criteria of quantified thyroid bed uptake
or measured serum Tg level, clinically compara-
ble thyroid remnant ablation rates were found 
in patients with differentiated thyroid cancer
when prepared for postoperative radioiodine
therapy by L-thyroxine withdrawal or by rhTSH.

There has been concern about whether in the
euthyroid condition the iodine content of L-
thyroxine medication can alter the uptake of
radioiodine compared with patients treated in
the hypothyroid state. This issue was addressed
in the present study by measuring the urinary
iodine excretion at the time of ablation in the
two groups of patients. The results have shown
that, although the rhTSH-treated group tended
to have slightly higher values, the median of
urinary iodine (reflecting the total daily intake
of iodine) is far below the threshold considered
critical for an efficient uptake of radioiodine.

In summary, based on the current experience,
the use of rhTSH as an adjunct to radioiodine
for the ablation of thyroid remnants is safe and
effective and it is predictable that it will become
the treatment of choice for thyroid ablation.
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Serum thyroglobulin (Tg) measurements are a
cornerstone for managing patients with differ-
entiated thyroid carcinomas (DTC). The clinical
utility of serum Tg testing is predicated on the
tissue-specific origin of circulating Tg protein
(thyroid follicular cells). However, since the
maturation and secretion of a mature Tg mole-
cule is complex, it is not surprising that circu-
lating Tg is heterogeneous, and that as tumors
dedifferentiate they can lose their capability to
synthesize, iodinate, and secrete conformation-
ally normal Tg protein [1,2]. Consequently,
current Tg immunometric assays (IMA), based
on monoclonal antibodies with restricted epi-
tope specificity, may only recognize a limited
population of Tg isoforms secreted by a neo-
plasm [3,4]. It follows that specificity differences
largely explain the wide method-to-method
variability that precludes changing assays when
serially monitoring DTC patients. Serum Tg
concentrations should be interpreted relative to:
(1) the mass of thyroid tissue present (normal
remnant and/or tumor); (2) any inflammation
of, or injury to, thyroid tissue, such caused by
fine-needle aspiration biopsy (FNAB), thyroid
surgery, radioactive iodine (RAI) therapy,
or thyroiditis; and (3) the thyroid-stimulating
hormone (TSH) status of the patient, since the
stimulation of TSH receptors by either endoge-
nous or recombinant human TSH (rhTSH),
the high human chorionic gonatropin (hCG) 
of pregnancy, or the thyroid-stimulating im-
munoglobulins present in Graves’ disease,
elevate the serum Tg concentration [5–8]. It

follows that when interpreting a serum Tg value,
it is important to weigh patient-specific pathol-
ogy and treatment together with the technical
limitations of the method. This chapter will
focus on the technical strengths and pitfalls of
current Tg methods and the clinical utility 
of using serum Tg measurement as a tumor-
marker for DTC.

Technical Strengths and
Pitfalls of Serum Tg
Measurement
Over the last decade, IMA methodology has
largely replaced radioimmunoassays (RIA) 
for measuring serum Tg concentrations. IMA
methods are favored by laboratories because
they can be automated and require a shorter
incubation to achieve maximal sensitivity, as
compared with RIA [9,10]. Current Tg assays
suffer from a number of technical limitations
that negatively impact their clinical utility.
These include (a) large between-method biases
that preclude the use of different methods 
for serial monitoring of DTC patients; (b) sub-
optimal between-run precision across the long
intervals generally used to monitor DTC
patients (~12 months) that can mask clinically
important changes; (c) inadequate sensitivity
that compromises the early detection of re-
currence; and (d) interferences by TgAb and 
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heterophilic antibodies (HAMA) that can lead
to the reporting of falsely low or high serum Tg
values [7,9,11–13].

Between-Method Biases
Unfortunately, a change in Tg method during
the course of monitoring a DTC patient can
produce a shift in the serial Tg pattern that can
cause clinical confusion. Figure 18.1 shows a
representative comparison of Tg measurements
made by two RIA and five IMA methods in sera
from normal euthyroid subjects with TSH in the
0.5–2.5 mIU/L range, with or without detectable
TgAb (Figures 18.1A and 18.1B, respectively).
When TgAb was absent, the methods displayed
a threefold difference in absolute Tg values

(Figure 18.1A). The new guidelines consider a
change in serum Tg during thyroid hormone
suppression therapy (THST) in excess of
1.5mg/L to be clinically significant [10]. Current
between-method biases alone could easily
produce this magnitude of change, since current
biases exceed the within-person variability of
serum Tg concentrations (10–15%) [10,14].
Thus, significant assay biases preclude chang-
ing methods during long-term monitoring of
patients. For example, a change from a Tg
method with a positive bias to one with a nega-
tive bias has the potential to mask recurrent
disease, whereas a change from a method with
a negative bias to one with a positive bias would
cause concern for recurrence that could poten-
tially lead to unnecessary imaging or RAI treat-

Figure 18.1 Serum Tg concentrations measured in 88 TgAb-negative normal euthyroid volunteers (TSH 0.5–2.5 mIU/L) using dif-
ferent methods. Method #1 = University of Southern California RIA, Los Angeles, CA, USA; method #2 = DSL RIA,Websster,Texas, USA;
method #3 = Nichols Advantage ICMA, Nichols Institute Diagnostics ICMA, San Juan Capistrano, CA, USA; method #4 = CIS; method
#5 = Access ICMA, Beckman-Coulter, Fullerton, CA, USA; method #6 = Immulite ICMA, Diagnostic Products Corporation, Los Angeles,
CA, USA; method #7 = Brahms Kryptor, Berlin, Germany. The shaded area approximates the functional sensitivity. Median values are
indicated.
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ment. It is now recommended that laboratories
consult their physician-users before implement-
ing any change in Tg method, and when the bias
between the old and proposed new method
exceeds 10% the re-baselining of patients is rec-
ommended [10]. Practically, the relative bias
between methods can be assessed from a com-
parison between the mean reference range value
of the methods in question.

There are a number of reasons for persis-
tent biases between different Tg methods. The
biosynthesis of a mature Tg molecule within the
follicular cell is a complex vectoral process that
is orchestrated by different molecular chaper-
one proteins [15]. Given the complexity of this,
it is not surprising that Tg molecular processing
may become unregulated in thyroid tumors,
leading to heterogeneity in tumor-derived Tg
protein in the circulation. Different Tg assay for-
mulations employ a variety of Tg monoclonal
antibody reagents that vary with respect to their
specificity for different epitopes on tumor-
derived Tg. This can result in the measurement
of different Tg isoforms in the specimen and
give rise to differences in serum Tg measure-
ments made by assays [4]. Compounding these
specificity differences are differences in assay
standardization and the use of non-serum cali-
brator matrices that behave differently from
human sera [9].

Between-Run Precision
Current Tg assays have suboptimal between-
run precision across the long follow-up interval
(6–12 months) typical of monitoring patients
with DTC. It is well known that the between-
run precision of a biochemical test erodes over
time as a consequence of changing reagent lots,
instrument calibrations and a myriad of other
less well-defined factors. The loss of assay pre-
cision over the time between clinical evaluations
negatively impacts the ability to detect small
clinically significant changes, especially at the
extremes of the Tg measurement range. The
guidelines suggest that laboratories should
archive specimens remaining after serum Tg
testing to allow concurrent measurement of the
past and current specimens from the patient in
the same run, thereby eliminating between-run
errors and improving the clinical sensitivity of
the test [7,10].

Suboptimal Sensitivity

TSH and Tg assay development share many
analogies concerning their quests for improved
sensitivity. The clinical utility of TSH measure-
ment has been dramatically enhanced over 
the last decade by the optimization of IMA
methodology, leading to a 100-fold improve-
ment in TSH assay functional sensitivity. Unfor-
tunately, the development of more sensitive Tg
assays is still in its infancy. Currently, Tg assay
functional sensitivity ranges between 0.3 and
2.5mg/L (Figure 18.1). As shown in Figure 18.2,
a 100-fold improvement in Tg assay functional
sensitivity (~0.01mg/L) would dramatically im-
prove the diagnostic sensitivity of measuring Tg
during THST. Specifically, Figure 18.2 shows that
there is a striking linear relationship between
the serum Tg nadir measured without TSH
stimulation in the first postoperative year and
long-term (median 8-year) recurrence risk [16].
This suggests that less than 1% of patients 
with serum Tg below 0.1mg/L during their first
postoperative year would suffer a recurrence
[16,17].

As Tg assay sensitivity becomes a marketing
issue, there will be increasing commercial pres-
sure for the diagnostic kit manufacturers to make
unrealistic claims for the sensitivity of their tests.
The guidelines state that the functional sensi-
tivity of a Tg assay should be determined from 
the lowest Tg value that can be measured with
20% between-run coefficient of variation, using
TgAb-negative human sera measured across a 
6- to 12-month period and using different lots 
of reagent [10]. It is critical that Tg method 
comparisons are made on the basis of functional
sensitivity and that descriptive terms such as
“ultrasensitive” and “supersensitive” are not used
for marketing purposes [10].

Unfortunately, even with Tg assay functional
sensitivity determined according to the stan-
dardized protocol, the absolute (mg/L) func-
tional sensitivity of different methods cannot be
compared because of method biases (Figure
18.1A). The ability to detect small amounts of
tumor is related to the degree of discrimination
between the assay lower reference limit for
normal euthyroid subjects and its functional
sensitivity. Currently, there is very little dis-
crimination between the lower reference limit
for normal euthyroid subjects and the func-
tional sensitivity limits of current methods, as
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shown in Figure 18.1A. In fact, serum Tg was
paradoxically undetectable for some subjects by
some methods. A new Tg assay nomenclature
system has recently been proposed where-
by each “generation” of assay would display 
an order of magnitude greater discrimination
between the lower reference limit and func-
tional sensitivity [13]. Under this proposal,
current Tg assays would be defined as “first gen-
eration”. Ideally, third generation Tg assays,
characterized by functional sensitivities in 
the 0.001 to 0.01mg/L range would dramatically
improve the clinical sensitivity of Tg testing
during THST (Figure 18.2) [18,19].

Interferences with Serum Tg
Measurements
Thyroglobulin autoantibody (TgAb) and het-
erophilic antibody (HAMA) interferences with
Tg measurements can result in either an under-
or overestimation of the serum Tg concentra-
tion. Underestimation is the most clinically
problematic direction of interference because 
it has the potential to mask the detection of
disease. Although overestimation raises patient
and physician concerns for recurrence, imaging

studies can be used to supply reassurance that
disease is absent. However, overestimation may
lead to the administration of unnecessary
empiric radioactive iodine (RAI) treatments,
because it is difficult to know if the detection of
circulating Tg in a patient with a negative diag-
nostic RAI scan reflects the insensitivity of
RAI imaging or Tg overestimation due to an
interference [12,20–22].

TgAb Interference

TgAb interference with serum Tg measurement
is undoubtedly the most serious technical pro-
blem that currently compromises the use of
serum Tg as a tumor marker for patients with
DTC. The magnitude of the problem is evident
from the high prevalence of TgAb detected in
DTC patients (~20%) [10,23,24]. It has been rec-
ognized for more than thirty years that endo-
genous TgAb has the potential to interfere with
Tg measurements made by either by IMA or
RIA methodology [10,23,25,26]. When TgAb is
present, Tg molecules circulate either as free 
Tg or become complexed with endogenous
TgAb. The direction and magnitude of any
interference is primarily determined by the
characteristics of the assay reagents. Although

Figure 18.2 The relationship between
cumulative percent recurrence in a
cohort of 278 papillary thyroid cancer
patients followed over a median of 8
years and the median group serum Tg
nadir value reported (in the absence of
TSH stimulation) during the first year fol-
lowing thyroidectomy. G1 had serum Tg
nadirs between 1.0 and 1.9mg/L; G2 
had serum Tg nadirs between 2.0 and 
4.9mg/L;G3 had serum Tg nadirs between
5 and 10mg/L; G4 had serum Tg nadirs
above 10mg/L [16].
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bi-directional interference is possible with RIA
methods, the direction and magnitude of any
interference is primarily determined by the
affinity and specificity of the endogenous TgAb.
Overestimated Tg RIA values would result if
the endogenous TgAb sequestered Tg-I125 tracer
and prevented it from participating in the com-
petitive reaction. Conversely, underestimation
would result if the second antibody reagent
lacked species specificity and precipitated 
tracer bound to the endogenous TgAb [25,27].
RIA methods constructed with a combination of
high affinity first antibody and species-specific
second antibody usually report clinically appro-
priate total Tg (free Tg plus Tg complexed with
TgAb) in the presence of TgAb [13,23,28,29].
The validity of Tg RIA measurement of TgAb-
positive sera is supported by the data shown 
in Figure 18.1 whereby both RIA methods
reported that the serum Tg values of TgAb-
positive normal euthyroid subjects were 
essentially indistinguishable from those of TgAb-
negative subjects (Figure 18.1B versus 18.1A,
respectively). In contrast, each of the five IMA
methods reported paradoxically undetectable
serum Tg for some of the TgAb-positive normal
subjects. Many studies have now established
that TgAb interference with Tg IMA measure-
ments is always unidirectional (underestima-
tion) and that paradoxically undetectable Tg
IMA values are frequently reported for TgAb-
positive DTC patients with documented disease
as well as TgAb-positive patients with Graves’
thyrotoxicosis [23,24,26,30]. The propensity for
TgAb interference is method-dependent and
unpredictable since it relates to the characteris-
tics of the endogenous TgAb and the relation-
ship between the free and TgAb-complexed Tg
in the circulation [23]. Physicians should be
aware that any IMA method has the potential to
underestimate the serum Tg concentration even
when TgAb levels are very low or below the pos-
itive cutoff of the method [23,24,31,32].

When TgAb is present, there is often discor-
dance between the serum Tg reported by an RIA
and that reported by an IMA method [23]. In
such cases, the RIA value is often detectable
whereas the IMA value is typically lower or
undetectable (Figure 18.1B). Although an unde-
tectable Tg IMA result would appear appropri-
ate for a thyroidectomized patient, the presence
of TgAb in the circulation indicates that the
immune system is still sensing the presence of

Tg antigen, suggesting that the detectable RIA
value is more clinically appropriate [23,29,33].
Given the propensity for IMA methodology to
underestimate Tg in the presence of TgAb, the
reporting of an undetectable Tg IMA result for
a thyroidectomized DTC patient with TgAb has
no clinical value. Further, such a report has the
potential to mask disease, the risk of which is
increased when TgAb is present [23,24,26,34].
This underscores the importance of the guide-
line (no. 46) that recommends, “laboratories
should not report an undetectable serum Tg
when TgAb is present if that method produces
inappropriately low or undetectable serum Tg
for TgAb-positive DTC patients with docu-
mented disease” [10]. Currently, most clinical
laboratories use IMA methodology to measure
serum Tg irrespective of the TgAb status of the
patient, and persist in reporting “undetectable”
Tg IMA values for sera containing TgAb. This
practice persists despite laboratory disclaimers
that the result might be unreliable. Some labo-
ratories now limit the use of IMA methodology
to TgAb-negative sera and use RIA methodol-
ogy to measure serum Tg when TgAb is
detected [23,35].

Heterophilic Antibody (HAMA) Interferences

In general, the presence of HAMA in the cir-
culation can cause an overestimation of any
analyte measured by IMA methodology [11,36].
This is because HAMA can cause a false bridge
between the capture and signal monoclonal
antibodies employed as IMA reagents, thereby
creating a high signal on the solid support that
will be read out as a falsely high analyte value.
One recent study of an automated Tg IMA
method reported that falsely high serum Tg
values caused by the presence of HAMA were
seen in 2–3% of serum specimens sent for Tg
testing [12]. In contrast, RIA methods are not
prone to HAMA interference [11].

Tg Testing of TgAb-Negative
DTC Patients (Without TSH
Stimulation)
As shown in Figure 18.3, serum Tg and TgAb
measurements are critical for all phases of man-
aging DTC patients.
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Figure 18.3 Algorithm for risk stratification of patients with DTC. Rx, therapy; UTZ, ultrasound.
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Preoperative Serum Tg
Measurements
The majority of thyroid tumors, especially fol-
licular and Hürthle cell tumors, are associated
with an elevated preoperative serum Tg con-
centration (relative to the normal reference
range) [37–39]. In fact, an elevated serum Tg
concentration is a nonspecific risk factor for
thyroid malignancy and the degree of preoper-
ative elevation relates to the risk for metastases
[38,40,41]. Tumors differ in their ability to syn-
thesize and secrete a conformationally normal
Tg protein [1,2,42]. The increased Tg secretion
rates and elevated preoperative serum Tg con-
centrations seen with DTC are likely to result
from abnormalities in Tg molecular processing
[15,37,38,43]. A preoperative serum Tg meas-
urement provides a gauge of the relationship
between tumor mass and Tg secretion and 
helps with the interpretation of postoperative
Tg measurements by authenticating the use 
of serum Tg as a tumor marker test [38,44]. For
example, large tumors that are not associated
with an elevated preoperative serum Tg are
likely to be poor Tg secretors [38,44]. In such
cases, an undetectable postoperative serum Tg
report will be less reassuring without evidence
that the tumor is capable of secreting Tg
protein. In such patients any Tg detected in the
circulation after thyroidectomy could represent
a large mass of residual tumor. It follows that the
sensitivity of postoperative Tg measurement
will be highest when a small primary tumor is
associated with an elevated preoperative serum
Tg. Because FNAB increases serum Tg, speci-
mens drawn for the preoperative Tg assessment
should be taken either before biopsy and held to
await the cytological diagnosis, or deferred for
more than 2 weeks after FNAB [45].

Early (<12 months) Postoperative
Serum Tg Measurements
Estimates vary, but the half-life of Tg in the cir-
culation approximates 3–4 days [46–48]. Fol-
lowing the postoperative rise in serum Tg
secondary to trauma, the dominant influences
on postoperative serum Tg concentrations are
the mass of thyroid tissue remaining (normal
remnant plus any tumor) together with the pre-

vailing TSH status [49]. A number of studies
report that 1 month following thyroidectomy
when endogenous TSH has become elevated
before RAI treatment, an undetectable (<1mg/L)
serum Tg is a good prognostic indicator
[8,50–53]. In patients in whom RAI treatment is
deferred, thyroid hormone therapy should be
initiated immediately after surgery to prevent
the rise in TSH. In these patients, postoperative
serum Tg concentrations stabilize by 1 to 2
months at a level that reflects the size of the
thyroid remnant and the mass of any residual
tumor. The tumor’s contribution to the postop-
erative Tg level will relate to its ability to secrete
Tg, as judged from the relationship between
preoperative Tg and tumor size. There is 
currently no universally recognized serum Tg
cutoff value that distinguishes disease-free
patients from those with persistent tumor. A
number of factors preclude establishing a uni-
versal Tg cutoff value with both good sensitiv-
ity as well as specificity for disease [6,54]. These
include the technical factors discussed earlier
(assay bias and insensitivity) compounded by
differences in the amount of remnant tissue left
after surgery, differences in the efficiency of
tumor-derived Tg secretion and differences in
the tumor’s sensitivity to TSH. Further, there are
differences in the sensitivity of the various
modalities used to determine the presence of
disease [20,55–59].

The approximate two-gram normal thyroid
remnant that is generally left after thyroidec-
tomy is expected to produce a serum Tg con-
centration approximating 2mg/L in the absence
of TSH stimulation [10,60]. The amount of Tg
secreted by the normal remnant depends on the
degree of surgery and the effectiveness of any
RAI therapy [49,60]. Studies report that the
effectiveness of RAI treatment for remnant
ablation varies and depends on the dose used
and remnant mass [60,61]. Although serum Tg
concentrations measured early in the postoper-
ative period have been shown to relate to long-
term recurrence risk, patients with a low but
detectable (£3mg/L) serum Tg early in the post-
operative period do not necessarily have per-
sistent disease [7,21,54]. A recent study reports
that there is a striking linear relationship
between the serum Tg nadir measured in the
first postoperative year (without TSH stimula-
tion) and cumulative recurrence (Figure 18.2)
[16].
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Long-Term Serial Tg Monitoring

A diagnosis of DTC is often made in the third
or fourth decade of life. Since recurrences can
occur decades after thyroidectomy patients
require life-long monitoring for recurrence 
with clinical examinations, selected imaging,
and serial serum Tg and TgAb measurements
[62,63]. Historically, a negative diagnostic RAI
whole-body scan has been used as the gold stan-
dard for the absence of disease [60,64–66]. With
the increasing use of imaging modalities such as
ultrasound, CT, MRI, and PET, it is now appar-
ent that low dose RAI imaging is less sensitive
than Tg testing [20,55,57,59,67–70]. Postopera-
tive serum Tg concentrations reflect the inte-
grated influences of the mass of thyroid tissue
remaining (remnant plus any tumor) and the
efficiency of the tumor to secrete Tg protein rel-
ative to the ambient TSH concentration. Steadily
decreasing serum Tg during THST is the hall-
mark of successful treatment [7,21,54,70]. The
pattern of serial Tg measurements made during
the TSH-suppressed state is more clinically
useful than an isolated Tg value [7,53,71,72].
However, it is critical that the same method is
used for serial Tg monitoring because of the
biases between assays discussed earlier [10,63].
A progressively decreasing Tg pattern is typical
of patients who become disease-free, whereas a
persistently detectable or rising Tg pattern is
typical of patients with persistent or recurrent
disease [7,63,71,72]. The progressive decline in
serum Tg seen in RAI-treated patients likely
reflects the long-term (2- to 3-year) sterilization
effect of RAI, as tumor cells die off as a conse-
quence of radiation damage [7,21,53,54,70,73].
Interestingly, a progressive decline in serum Tg
is also often seen in patients who do not receive
RAI, presumably reflecting a decrease in thyroid
tissue mass secondary to impairment of TSH-
dependent mitotic activity [7,54,73].

A rise in serum Tg during serial monitoring
is often the first sign of recurrence [7,53,63,72].
However, a rise in serum Tg could reflect either
an increase in tumor mass (when TSH is stable)
or increased TSH stimulation of a constant mass
of thyroid tissue. Many well-differentiated
thyroid tumors are exquisitely sensitive to 
the ambient TSH concentration [7,72]. Before
attributing a rise in serum Tg to tumor recur-
rence, it is important to ensure that the change
is not TSH-mediated secondary to noncom-
pliance with L-T4 therapy, or a switch to a 

sub-potent generic L-T4 preparation. Noncom-
pliance cannot necessarily be detected by TSH
measurement if patients resume compliance
shortly before the clinic visit, since the half-life
of TSH in the circulation is much shorter 
than that of Tg protein (~1 hour versus ~4 days)
[46–48,74]. Strategies used to rule out a TSH-
mediated rise in serum Tg include counseling
the patient about compliance or testing the ade-
quacy of the L-T4 dose. The latter can be made
either by empirically increasing the dose and
rechecking serum Tg after 6–8 weeks, or by
administering an oral one-milligram loading
dose of L-T4 [75].A TSH-mediated Tg rise would
be suspected if the serum Tg concentration fell
30–50% of basal levels by 8 days following the
L-T4 loading dose [75,76].A rise in the serum Tg
concentration in the face of a stable TSH status
likely reflects an increase in tumor mass, since
Tg secretion from normal remnant typically
does not increase in the absence of a change in
TSH [49]. Currently a rise in serum Tg of
1.5mg/L or >10% is considered clinically
significant [10]. Small changes in serum Tg are
especially significant when a large tumor has
been identified as a poor Tg secretor, as judged
from a non-elevated preoperative serum Tg.

Monitoring DTC Patients 
with TgAb
Tg autoantibodies are more commonly encoun-
tered in DTC patients than in the general 
population (~20% versus ~10%, respectively)
[23,24,77]. All sera sent for Tg measurement
require adjunctive TgAb testing, because the
TgAb status of a patient can change over time
from positive to negative and vice versa
[10,23,24]. There is now consensus that it is
essential to detect TgAb directly by using a sen-
sitive and precise TgAb immunoassay and not
an exogenous Tg recovery test [9,10,26,78–80].
Recoveries are not only an unreliable means to
detect interfering TgAb but unlike direct TgAb
measurement, they cannot be used as a serial
quantitative tumor marker [10,23]. In fact, the
Guidelines clearly state that, “recovery tests do
not reliably detect TgAb and should be discour-
aged and eliminated” [10]. The propensity for
TgAb to interfere with Tg measurements is 
only weakly related to the TgAb concentration
because endogenous Tg antibodies are hetero-
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geneous and their avidity for Tg protein is not
necessarily related to the measured TgAb con-
centration [23,31,32,81]. Failure to detect TgAb
in a specimen has serious consequences, since
interference leading to the reporting of a false-
negative serum Tg result could cause a delay 
in the detection and treatment of metastatic
disease [10,23,26,31,32].

Clinical Utility of Serial TgAb
Measurements
A number of studies report that serial TgAb
measurements per se can be used as a surrogate
tumor marker test for TgAb-positive patients
with DTC, since TgAb concentrations respond
to changes in circulating Tg antigen [23,24,
33,82,83]. This is evident from the dramatic fall
(~50%) in TgAb concentrations during the first
6 months following thyroidectomy or lymph
node removal [23,24,84]. In fact, when TgAb-
positive patients are rendered athyrotic, serum
TgAb concentrations progressively decline and
generally become undetectable within the first
few postoperative years. In contrast the TgAb in
patients with persistent disease characteristi-
cally remains detectable, or the serum TgAb
concentrations rise over time [23,24,26,31,33,82,
83]. Whereas a rise in serum TgAb is often the
first indication of recurrence, a transient rise in
TgAb should be expected as a response to
increased Tg antigen released by radiolytic
destruction of thyroid tissue during the first 1–3
months following RAI treatment [84–87]. In
fact, a rise in TgAb following a therapeutic 
dose of RAI may even be an indicator of the
efficacy of RAI treatment of a TgAb-positive
patient. Clearly TgAb is heterogeneous, and
TgAb methods differ in sensitivity and spe-
cificity [23,81]. It is important to recognize that
serial TgAb measurements can only be used as
a tumor marker when the same manufacturer’s
method is used, because the absolute TgAb
values reported by different methods can differ
by as much as 100-fold despite claims that
methods are standardized against the MRC
65/93 reference preparation [10,23,88]. It is not
uncommon for a patient to be judged TgAb-
negative by one manufacturer’s method and
TgAb-positive by another [23,31,32]. Low con-
centrations of TgAb that may not be detected by
some methods can interfere with Tg measure-
ment [23,31,32]. Failure to detect the presence of

TgAb can lead to the reporting of falsely low 
or paradoxically undetectable serum Tg IMA
values for patients with disease [23,24,26]. TgAb
interference with Tg measurements, especially
when made by IMA methodology, is likely to
remain a problem for the foreseeable future.
Fortunately, serial TgAb concentrations can be
used as a surrogate tumor marker for monitor-
ing the disease status of TgAb-positive DTC
patients.

Tg mRNA Determinations in
Peripheral Blood
The reverse transcriptase-polymerase chain
reaction (RT-PCR) amplification of tissue-
specific mRNAs has been used to detect circu-
lating cancer cells in the peripheral blood of
patients with melanoma, prostate and breast
malignancies [89]. Detection of Tg mRNA as a
marker for DTC was first reported in 1996 [90].
Subsequently, RT-PCR has been used to detect
other thyroid-specific mRNAs (TPO, NIS, and
TSH-receptor) in peripheral blood or lymph
node aspirates of DTC patients [91–94]. Cur-
rently, it appears unlikely that Tg mRNA testing
will prove useful for facilitating therapeutic
decision-making for DTC patients, since studies
have reported disparate conclusions regarding
the clinical sensitivity and specificity of RT-PCR
testing for detecting DTC disease [18,92–101]. It
is not clear whether these disparate conclusions
reflect the insensitivity of RAI imaging that was
used to detect disease in most studies, RT-PCR
artifact, primer selection, or illegitimate tran-
scription, the latter being a recognized limita-
tion of RT-PCR methodology [89,94,102]. Even
if Tg mRNA testing were proved clinically useful
in the future, the expense of this technique 
compared with that of serum Tg measurement
would likely restrict its use to high risk patients
or TgAb-positive patients in whom serum Tg
measurements were proved to be diagnostically
unreliable [93,103].

TSH-Stimulated Tg Testing
TgAb-NegativeDTC Patients
Over the last three decades, many studies have
reported that elevated endogenous TSH, or 
the administration of bovine TSH, increases 
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the serum Tg concentration [104,105]. It is 
well established that TSH stimulation enhances
the sensitivity of using Tg measurements to
detect disease [6,8,106,107]. Recently, rhTSH-
stimulated Tg testing has become preferred to
the practice of withdrawing thyroid hormone to
raise endogenous TSH, with its attendant
hypothyroid symptoms [108]. There is growing
consensus that rhTSH-stimulated Tg testing is
superior for detecting recurrent disease com-
pared with diagnostic RAI imaging, even
though the serum Tg response to rhTSH ad-
ministration is only half of the response to 
the rise in endogenous TSH following thyroid
hormone withdrawal [6,20,59,67,68,70,109,110].
There is a linear, approximate 10-fold relation-
ship between the basal (THST) and 72-hour
rhTSH-stimulated serum Tg concentrations of
both normal control subjects and patients with
DTC, as shown in Figure 18.4 [6,72,111,112].
This is in accord with the factors known 
to influence the degree of TSH-stimulated Tg
response, which include: (1) the magnitude 
and chronicity of the TSH elevation; (2) the
mass of remnant thyroid tissue present, and 
(3) the mass and TSH responsiveness of the
tumor [6,72,113]. However, the magnitude of
the rhTSH-stimulated response varies consider-
ably among patients (threefold to >20-fold)
[6,111,112]. This may relate to differences in
body surface area and/or reflect the tumor’s
intrinsic sensitivity to TSH [6,72,113,114]. Since
poorly differentiated tumors display blunted

(less than threefold) increases in serum Tg 
in response to TSH stimulation, in the future,
the magnitude of the rhTSH-stimulated Tg
response may prove to be a useful indicator of
the tumor’s dependence on TSH and thus the
efficacy of TSH suppression therapy [72,113].
Because the rhTSH-stimulated Tg response 
is predictable, rhTSH administration only im-
proves the clinical sensitivity of Tg testing 
when the basal serum Tg is undetectable during
THST.As more sensitive Tg assays become avail-
able, the clinical sensitivity of measuring serum
Tg during THST will improve (Figure 18.2) and
the need for rhTSH stimulation will decline,
analogous to the elimination of routine TRH
testing after the adoption of more sensitive TSH
assays [18,19,115].

When recombinant human TSH was 
approved for clinical use a 72-hour post 
rhTSH-stimulated serum Tg value of ≥2mg/L
was established as the cutoff for a positive
response suggestive of disease [6]. Since then,
there has been growing recognition that this
cutoff level compromises the clinical sensitivity
of rhTSH-stimulated Tg testing. Specifically,
serum Tg concentrations in the 1–2mg/L range
are close to the lower reference limit for healthy
euthyroid subjects with intact thyroid glands,
thus making it increasingly difficult to discern
between true disease and normal remnant
tissue [6,10,20]. It has been recommended that
a more conservative rhTSH-stimulated serum
Tg cutoff of ≥1mg/L should be adopted [69,114].

2000

1000

100

10
72-hour

rhTSH-stimulated
serum Tg (mg/L)

1

0.1

0.01
0.05 0.1 1 10

mean basal (THST) Tg
mg/L

100

(29)

(58)

(58)
(20)

(24) (15)

(9)

(9)

(8)

G1

G2

G3
G4

G5
G6

G7
G8

G9

Figure 18.4 Relationship between the
mean basal (THST) serum Tg concentra-
tion and the mean 72-hour rhTSH-
stimulated serum Tg.Tests were grouped
according to the basal Tg concentration.
G1 had basal Tg between 0.05 and 
0.1mg/L; G2 between 0.2 and 0.3mg/L;
G3 between 0.1 and 0.2mg/L; G4
between 0.3 and 0.5mg/L; G5 between
0.5 and 1.0mg/L; G6 between 1 and 2
mg/L; G7 between 2 and 5mg/L; G8
between 5 and 10mg/L; and G9 was 
>10mg/L.
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With this lower cutoff, 20% of patients with
undetectable (<1mg/L) serum Tg during THST
display detectable serum Tg after rhTSH stimu-
lation [6,20,56]. One important drawback of
rhTSH-stimulated serum Tg testing is the high
number of patients who have rhTSH-stimulated
serum Tg in the 1–10mg/L range and no evi-
dence of disease [20,57,63,116,117]. In fact, the
adoption of the <1mg/L cutoff is associated 
with ~15% false-positive responses [20,57,70].
Conversely, ~3% of patients with disease have
false-negative rhTSH-stimulated Tg responses
because the insensitivity of current Tg assays
compromises the clinical sensitivity of Tg
testing even when rhTSH stimulation is
employed [57,70]. In a recent meta-analysis of
784 patients, ~8% of patients with serum Tg 
<1mg/L during THST had disease unmasked by
rhTSH-stimulated Tg testing (Figure 18.5) [20].
Most (~5%) of the disease was located in lymph
nodes and likely could have been detected by
ultrasound, suggesting that few patients would
have disease revealed by rhTSH-stimulated Tg
testing alone [20,57,63,70]. In fact, it is becom-
ing apparent that rhTSH-stimulated Tg testing

has a low positive predictive value for disease
and that the addition of ultrasound to Tg meas-
ured during THST dramatically improves the
sensitivity and specificity of monitoring
patients for recurrent disease [57,63,70,117].
Since only a minority of patients with negative
clinical and/or ultrasound examinations have
persistent or recurrent disease detected during
follow-up, it is not surprising that only a small
percentage of patients have disease unmasked
by rhTSH-stimulated Tg testing [57,63]. It
follows that the high cost and low yield of
rhTSH-stimulated serum Tg testing will incr-
easingly raise questions concerning the cost–
benefit ratio of using rhTSH stimulation for
diagnostic testing as the sensitivity of Tg
methodology improves [18,19,118].

TgAb-Positive Patients
Unfortunately, the value of rhTSH stimulation
testing is compromised by the presence of
TgAb. Specifically, many TgAb-positive pati-
ents display blunted or absent TSH-stimulated
serum Tg responses, regardless of the class of Tg

Figure 18.5 Meta-analysis of eight studies [68,110,117,141–144] showing the outcome of rhTSH-stimulated serum Tg testing of
784 patients with undetectable serum Tg during thyroid hormone suppression therapy (THST) [20].
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method used (IMA or RIA) [20]. Currently, the
most likely explanation for the paradoxical lack
of rhTSH response in the presence of TgAb is
that there is enhanced metabolic clearance of Tg
complexed with TgAb, as compared with free Tg
[119,120]. The rapid removal of TgAb seen fol-
lowing Tg release during thyroidectomy lends
support to the contention that newly-formed
Tg–TgAb complexes may be more rapidly
cleared than free Tg [48,86,119,120].

Strategy for Managing
Patients with DTC
As shown in Figure 18.3, risk stratification is 
the cornerstone of postoperative management
of DTC patients. Most recurrent or persistent
tumor is detected during the first 5 years 
following thyroidectomy [62]. Patients are
classified as low or high risk for recurrent
disease based on a combination of clinical
parameters assessed at the time of their initial
diagnosis and surgery. Classic prognostic
scoring systems, such as TNM and MACIS,
combine patient-specific parameters such as
age, size of the primary tumor, presence of
lymph nodes and distant metastases to predict
mortality risk [63,66,121–127]. Most patients
with DTC are successfully treated with thy-
roidectomy followed by chronic thyroid
hormone (L-T4) suppression therapy (THST)
[60,62]. The use of RAI treatment and the
aggressiveness and frequency of follow-up eval-
uations depends on whether the patient has a
high or low risk for recurrent or persistent
disease [60,64,65,128–130]. Tumor pathology
also influences prognosis, since the prognostic
factors for papillary versus follicular thyroid
cancers and their variants are distinctively dif-
ferent [60,131,132]. Whereas an preoperative
elevation in serum Tg is not an indicator of a
neoplasm, an excessively high (>1000mg/L) pre-
operative serum Tg value is suspicious for
metastatic disease, especially when metastases
involve bone [40,85,113]. Further, once a diag-
nosis of DTC has been made, the relationship
between the preoperative Tg level and tumor
burden can be used to gauge the significance of
postoperative Tg measurements. This is because
the sensitivity of postoperative Tg testing for
disease will be greatest when patients are diag-
nosed with small tumors associated with an 

elevated preoperative Tg, suggesting that the
tumor is an efficient Tg secretor [38,44]. In addi-
tion to a preoperative Tg, ultrasound evalua-
tions are now being performed more frequently
as part of risk assessment to assess the extent 
of surgery indicated [133]. This is because
approximately two thirds of DTC patients 
have lymph node metastases, 80% of which are
in the central compartment and many of which
are not detectable by physical examination
[60,133,134].

Thus, patient demographics together with a
preoperative Tg measurement, ultrasound, sur-
gical, and pathological findings are used to clas-
sify patients as having a low or high risk 
for disease (~80% versus ~20%, respectively)
[63,130]. Patients with a higher risk for recur-
rent disease have one or more of the following:

• higher prognostic score (TNM > stage II
and/or MACIS ≥6);

• age >45 years;
• lymph node metastases;
• large tumor with paradoxically non-ele-

vated serum Tg.
Recent retrospective studies have raised con-

troversy regarding whether RAI treatment
influences mortality [129,130]. Radioiodine is
usually reserved for patients at higher risk for
recurrent or persistent disease, the dose being
determined on an individual basis relative to the
degree of risk [63,130]. Since the presence of
TgAb in the early postoperative period is asso-
ciated with an increased risk for recurrent
disease, RAI treatment may be efficacious for
patients with persistent TgAb after the first
postoperative year [24,135]. In patients with a
lower risk for disease there is a growing con-
sensus that RAI treatment should be deferred
[60,129]. Levothyroxine suppression therapy
should be initiated immediately in such
patients, since serum TSH levels can rise above
30 mIU/L as early as 8 days following thyroidec-
tomy [136]. The degree of TSH suppression 
targeted for lower risk patients is generally less
than that for higher risk patients (<0.1 versus
<0.01 mIU/L, respectively) [126,137]. Many
studies made in the TSH-stimulated state before
RAI therapy have reported that Tg measure-
ments in the early postoperative period are
prognostic for disease [8,50,51,70,138]. In view
of the relationship between basal and TSH-
stimulated Tg shown in Figure 18.4, it follows
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that any Tg detected above 1mg/L is suspicious
and warrants selective imaging or treatment as
appropriate [8,16,50–53].

After the first postoperative year, follow-
up evaluations for recurrent disease should 
be individualized to the risk for recurrence
[63,128]. By this time, few patients without
TgAb and with a serum Tg below 1mg/L during
THST have a recurrence [16,17,117]. A combi-
nation of ultrasound plus serum Tg and TgAb
measured during THST (TSH <0.1 mIU/L) is
recommended for follow-up surveillance for
disease in low risk patients [57,70]. A positive
ultrasound and/or a serum Tg above 1mg/L
and/or a rise in TgAb concentration suggests 
the presence of disease and warrants selected
imaging or other treatment as appropriate.
Recombinant TSH stimulation is not needed
when serum Tg is detectable, because the
rhTSH-stimulated Tg response is predictably
~10-fold higher than the basal Tg level (Figure
18.4) [72,117]. Recombinant TSH-stimulated Tg
measurements are also generally not helpful in
TgAb-positive patients, because the presence of
TgAb is associated with an absent or blunted
rhTSH-stimulated serum Tg response (see pre-
vious section). Patients with a negative baseline
ultrasound, no TgAb, and a serum Tg below 
1mg/L are unlikely to have disease unmasked 
by rhTSH-stimulated diagnostic imaging or Tg
testing [16,57,63,70,117,139]. Because thyroid
neoplasms grow slowly, long-term monitoring
of such patients can be performed relatively
infrequently (every 12 months) using serum Tg
plus TgAb measured during THST [63,140]. The
cost of annual ultrasounds may not be war-
ranted for low risk patients with a negative basal
ultrasound and THST serum Tg <1mg/L [70].
Either a rise in serum Tg or the detection of
TgAb in such patients would be an early sign of
recurrence that should prompt an individual-
ized more extensive evaluation [19,23,24,84].

Summary
Risk stratification of DTC patients is based on
patient demographics, surgical and pathological
findings, together with ultrasound and a preop-
erative Tg measurement. The patient’s risk 
for recurrent or residual disease influences 
the postoperative treatment and management.
Serum Tg and TgAb measurements are critical

for each stage of managing both low and high
risk patients with DTC. The quality of the Tg
and TgAb methods is variable, and will impact
the clinical care of DTC patients. Because
current Tg or TgAb method is 100% reliable,
these biochemical tests should be used in 
conjunction with clinical examination and
ultrasound, together with selected imaging
modalities, as dictated by patient-related risk
factors. The use of sensitive and specific Tg 
and TgAb methods for evaluating DTC patients
improves the overall cost-effectiveness of man-
agement by minimizing costly procedures.
However, even when the quality of these bio-
chemical tests is optimal, the results have to 
be interpreted relative to the patient-specific
factors and the physiological factors that control
Tg secretion.
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Introduction

Differentiated (papillary and follicular) thyroid
carcinoma (DTC) generally is characterized by
an indolent course with low morbidity and mor-
tality and is among the most curable cancers [1].
In most cases, initial treatment for DTC is total
thyroidectomy, with lymph node dissection in
case of papillary thyroid carcinoma. In case of
persistent disease or when the TNM (tumor,
node, metastasis) or any other scoring system
predicts a high risk of recurrence, the surgery
may be followed by administration of a large
activity of 131-iodine (131I) to ablate remnant
tissue and any residual disease. Patients then 
are placed on levothyroxine (L-T4) treatment 
to decrease serum thyroid-stimulating hormone
(TSH), while avoiding L-T4 overdosage.

Because DTC may recur at any time for years
after initial treatment, and L-T4 therapy is life-
long, long-term follow-up is necessary. Since the
estimated European population of DTC patients
and survivors is 200 000 [2], any follow-up pro-
tocol will affect the safety and quality of life 
of a large population and exert an important
impact on health economics.

In recent years, the spectrum of patients with
DTC has changed. In part due to incidental
findings on neck ultrasonography (US) for non-
thyroid indications, a larger number of thyroid
tumors, mainly papillary, are being discovered
at an earlier stage, accounting for the increased
incidence of the disease [2–4]. Also, the quality

of initial surgery has improved, as well as the
sensitivity of the methods used for detecting
persistent disease. As a result, the risk of recur-
rence in patients with no obvious disease after
initial treatment is much lower than previously
reported, and is probably less than 5%. In these
patients, follow-up should be guided by a pro-
tocol with a high negative predictive value, to
exclude from unnecessary investigations those
with a nonsignificant risk of recurrence. It
should also be sensitive enough to identify the
few individuals who have a previously unrecog-
nized risk of recurrence and therefore merit a
closer follow-up. Indeed, patients with distant
metastases or persistent disease after incom-
plete thyroid surgery should be treated and fol-
lowed up according to specific protocols, and
will not be considered in this review.

The follow-up protocol of patients with no
clinically obvious residual disease after initial
treatment includes three important elements
addressing recent findings (Figure 19.1) [5,6].
First, up to now the same protocol is applied 
to all DTC patients who have been treated 
postoperatively with radioiodine. Second, the
protocol uses recombinant human thyroid-
stimulating hormone (rhTSH) as the “gold 
standard” to obtain TSH stimulation for diag-
nostic follow-up. Third, the protocol virtually
obviates diagnostic total-body scan (dxTBS)
and highlights the importance of neck US in the
follow-up.

This review details the follow-up pro-
tocol that can be applied to the majority of
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Figure 19.1 Recommended protocol for follow-up of differentiated thyroid carcinoma in patients who have received thyroidectomy
and radioiodine ablation [5]. Patients with distant metastases, or incomplete thyroid surgery, or with anti-Tg antibodies should be
followed up according to other specific protocols. FT3, free triiodothyronine; L-T4, L-thyroxine, rhTSH, recombinant human thyroid-
stimulating hormone;Tg, serum thyroglobulin measurement;TSH, thyroid-stimulating hormone; US, ultrasonography;TBS, total-body
scan. *In each institution, the Tg threshold should be determined after rhTSH stimulation for each assay method. **Any suspicious
finding on neck US warrants FNA with cytological evaluation and measurement of Tg concentration in the aspirate. ***This interval
depends on exact Tg level and on the clinical context.
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DTC patients and then describes particular 
conditions.

Objectives and Stages of
Follow-up
After initial treatment, the follow-up of patients
with DTC has two objectives: (1) to discover at
the earliest possible time persistent or recurrent
disease, allowing for treatment that may extend
survival [1,7], and (2) to ensure that the patient
receives the lowest effective L-T4 dose, that is
one that provides no more TSH suppression
than necessary [8,9].

Monitoring patients with DTC comprises four
stages: (1) evaluation at the time of radioiodine
ablation of thyroid remnants; (2) ~3-month
follow-up while the patient is on L-T4 treatment;
(3) 6- to 12-month follow-up, after TSH stimu-
lation; and (4) subsequent follow-up.

The follow-up strategy is mainly based on
serum thyroglobulin (Tg) measurement, which
should always employ an immunometric assay
with a functional sensitivity of <1 ng/mL. To aid
in the interpretation of Tg results and identify
the ~20% of cases with anti-Tg antibodies
(TgAb) [10], Tg testing should be accompanied
by a TgAb assay, or by recovery testing. In cases
of interference with Tg measurements by TgAb,
which are evidenced by the recovery test in
about 1% of patients and may lead to falsely low
or even undetectable values, patients should be
monitored according to a modified protocol
(see below). Of note, a detectable serum Tg in
the presence of TgAb is generally observed in
patients with persistent or recurrent disease.
Also of note, in the absence of disease, TgAb will
progressively decrease and disappear within the
first 2 years of follow-up [10,11].

Early Follow-up
Evaluation at the Time of
Radioiodine Ablation of Thyroid
Remnants
Evaluation at the time of ablation consists of
“posttherapy” TBS 3–7 days after administra-
tion of the ablative activity of 131I. TBS is 
performed using a large field-of-view gamma

camera with thick crystals and high-energy 
collimators. Whole-body images are taken with
spot images of the neck and any other suspi-
cious area [9]. An accurate anatomical view of
any neck uptake will differentiate whether the
uptake is present in normal thyroid remnants or
lymph node metastases. Indeed, high uptake in
thyroid remnants will obliterate visualization of
lower uptake in neck lymph nodes. This empha-
sizes the paramount importance of performing
a total thyroidectomy with the aim of achieving
an uptake in thyroid remnants lower than 1–2%
of the administered activity. The risk of artifacts
should be minimized by having the patient
drink lemon juice and large amounts of liquid,
chew gum, and shower and change clothes
before scanning. Iodine contamination should
be avoided by the patient’s following a low
iodine diet for a few weeks before radioiodine
treatment, and is ruled out by testing of urinary
iodine concentration. A diagnostic TBS or even
a measurement of neck uptake is usually not
performed before 131I treatment in patients in
whom an experienced surgeon has performed 
a total thyroidectomy; in these patients, it does
not afford any benefit but may decrease the sub-
sequent uptake of the ablation dose. However,
when a limited thyroid surgery has been per-
formed, it may be preferable to measure neck
uptake before treatment because patients with 
a thyroid uptake >5–15% should be considered
for additional surgery.

Serum Tg is measured on the day when the
ablative activity of 131I is administered. A low or
undetectable serum Tg at that time generally
announces a favorable outcome. Elevated values
have questionable prognostic significance and
may be related to persistent disease or to lin-
gering leakage from postsurgical thyroid
residues. Neck US performed at this time may
be useful in detecting previously undiagnosed
lymph node metastases, although images may
be uninformative due to the recency of surgery.

Evaluation at 3 Months
The ~3-month follow-up consists of serum TSH,
free triiodothyronine (FT3) and Tg determina-
tions [12] while the patient is on L-T4 treat-
ment. TSH testing is not conducted until ~3
months after ablation because elevated TSH
levels may persist until that point and may lead
to overtreatment with L-T4. At this stage of
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follow-up, a TSH concentration around 0.1mU/
mL, with normal FT3 levels, denotes an appro-
priate dose of L-T4.

The results of the postablation and ~3-month
follow-ups should be used to distinguish two
groups of patients: those (1) with evidence of
disease, who should be referred for treatment,
and (2) without evidence of disease, if they have
complete tumor resection according to the
surgeon’s report, no uptake outside the thyroid
bed on postablative 131I TBS, undetectable serum
Tg level (<1 ng/mL) during L-T4 treatment, and
no abnormality on neck US. Also, patients
whose evidence of disease comprises only
detectable but low Tg at the time of ablation
and/or at any subsequent follow-up should
undergo the same follow-up protocol.

Six- to 12-Month Follow-up
For patients without evidence of disease at the
3-month follow-up, the 6- to 12-month follow-
up should consist of Tg testing after rhTSH
stimulation and of neck US. rhTSH should be
administered in two consecutive daily intra-
muscular injections of 0.9 mg and blood should
be drawn for Tg measurement 3 days after the
second injection.

The rationale for use of TSH stimulation is
the well-documented appreciable percentage 
of patients with persistent or recurrent disease
having false-negative Tg measurements during
L-T4 treatment. When the functional sensiti-
vity of the method used for measuring Tg is 
1 ng/mL, serum Tg is undetectable during 
L-T4 treatment in more than 20% of patients 
with lymph node metastases, and about 5% 
of patients with distant metastases but normal
plain radiographs [1]. TSH stimulation incre-
ases the sensitivity of serum Tg measurement
and it appears that there is no detectable serum
Tg value below which the presence of persistent
or recurrent disease can be excluded; in paral-
lel, TSH stimulation decreases the specificity of
serum Tg measurement, the negative predictive
value then being only 50%. On the other hand,
the use of a highly sensitive assay provides a
higher sensitivity for detecting persistent or
recurrent disease, but a much lower specificity,
and it does not improve the quality of follow-up
(manuscript in preparation).

It should be noted that only a small minority
of patients with no clinically obvious disease
will have persistent or recurrent disease at
follow-up examination; therefore, the number 
of patients for whom any testing following TSH
stimulation will permit the discovery of disease
is low. In our view, TSH stimulation with serum
Tg determination combined with neck US still
is warranted because it will both obviate other
tests and provide reassurance for the majority
of patients and in the others will indicate
further testing and/or treatment.

The rationale for using rhTSH instead of L-T4

withdrawal for TSH stimulation is threefold.
First, the sensitivity of rhTSH-stimulated serum
Tg measurement has been amply demonstrated
[13–23]. Second, rhTSH stimulation avoids the
discomfort and quality-of-life impairment and
decreases the safety risks associated with the
hypothyroidism that is secondary to L-T4 with-
drawal [15,24]. Third, use of rhTSH stimulation
largely avoids the negative economic and pro-
fessional consequences of that hypothyroidism.

The rationale for avoiding dxTBS in the 6- to
12-month follow-up of patients with no evi-
dence of disease up to that time is fourfold. First,
total ablation defined as the absence of uptake
or a low but not measurable uptake in the
thyroid bed at a subsequent dxTBS is achieved
in almost all patients with small thyroid rem-
nants [25]. Second, in patients with low uptake
(<1–2%) in thyroid remnants, the TBS per-
formed some days after the ablation dose is
more sensitive for detecting uptake outside the
thyroid bed than a TBS performed some months
later with a lower activity of 131I [1,9,23,25].
Third, recent studies totaling more than 2500
consecutive patients given L-T4 withdrawal
[25–27], rhTSH [13,14,16–20,22], or a combina-
tion of these methods [15,23] have shown that
no patient who was Tg-negative, defined as
having a value below the limits of detectability,
was TBS-positive, defined as having uptake
outside the thyroid bed. A single study [21]
shows a small percentage of Tg-negative, TBS-
positive patients. However, this study appears 
to include some patients who received further
therapy after initial treatment and presumably
had evidence of disease at the postablation 
or 6–12-month follow-up: not the population 
in which our protocol suggests avoidance of
dxTBS. It must be stressed that the number of
metastatic patients so far reported following
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rhTSH stimulation is limited, and that false-neg-
ative serum Tg may be recognized only some
years or decades later. Four, obviation of dxTBS
prevents possible impairment of uptake of any
necessary therapeutic activity of radioiodine
due to stunning from a diagnostic activity
[28,29].

The rationale for using neck US in patients
with no evidence of disease before the 6- to 12-
month follow-up is the efficacy of neck US in
detecting neck recurrences, documented by
four recent large studies [13,20,27,30]. In these
studies, the sensitivity of the combination of
serum Tg obtained following TSH stimulation
and of neck US for detecting lymph node metas-
tases ranged from 97% to 100%. In comparison,
the sensitivity of either neck palpation or TBS
is much lower.

In patients with papillary thyroid carcinoma,
neck lymph nodes are the most frequent site of
recurrence, and almost the only site in patients
with undetectable Tg during L-T4 treatment
[1,9,14,20,27,30]. Neck US should employ a
probe containing a linear transducer of at least
7.5 megahertz, and results should be reported
on a diagram. Lymph nodes are suspicious when
they are hypoechogenic, lack an echogenic
central line, have a round shape, and/or have 
a hypervascularized appearance on color
Doppler. Microcalcifications or a cystic compo-
nent are highly suspicious. It is essential that
neck US be performed by an operator with day-
to-day experience in evaluating patients with
thyroid cancer, not just thyroid disease in
general. Likewise, US-guided fine-needle aspira-
tion (FNA) should be performed by an operator
experienced in that procedure.

Neck US can detect lymph node metastases as
small as 2–3 mm in diameter. In these patients,
the above characteristics cannot be reliably
assessed and serum Tg may remain unde-
tectable even following TSH stimulation.
Indeed, it is estimated [31,32] that 1 g of neo-
plastic tissue will increase serum Tg obtained
during L-T4 treatment by about 0.5–1 ng/mL,
and that TSH stimulation will increase serum
Tg values about 10-fold over baseline levels.
Thus, all suspicious lesions that are accessible to
puncture should be subjected to FNA with cyto-
logical evaluation. Measurement of Tg concen-
tration in the aspirate is an easy procedure that
should be routinely performed because it
increases the reliability of FNA [33,34]. Tg

reverse transcription polymerase chain 
reaction may serve as an alternative to such
measurement [35].

In conclusion, the use of neck US permits the
detection of small lymph node metastases. The
benefits of their early discovery is far from
being demonstrated, while the routine use of
neck US may lead to the discovery of benign
lymph nodes in a large number of patients and
thus to unnecessary FNA being carried out in
many patients.

Subsequent Follow-up and
Management
In almost 85% of patients with favorable prog-
nostic indicators, rhTSH-stimulated Tg was
undetectable and findings on neck US were
normal at the 6- to 12-month follow-up. In these
patients, the risk of subsequent recurrence is
less than 0.5% [20,25,27]. These patients can be
reassured and the dose of L-T4 may be safely
decreased to obtain a normal TSH concentra-
tion (0.5–2.5mU/mL). These patients are fol-
lowed yearly with TSH and Tg and eventually
neck US. Tg testing may be conducted during L-
T4 therapy without rhTSH stimulation; whether
such stimulation, for instance after an interval
of 5 years, is justified by providing added
benefits needs to be ascertained.

In patients with detectable rhTSH-stimulated
Tg concentrations at the 6- to 12-month follow-
up, subsequent management depends on the Tg
levels and the presence or absence of abnor-
malities on neck US and any other evaluation
methods that may have been performed.
Detectable serum Tg may be produced for some
months after initial treatment by irradiated
cancer cells that eventually will disappear, or by
neoplastic foci that will progress. The slope
between the 6- to 12-month and subsequent Tg
values obtained following rhTSH can differenti-
ate between these two sources of detectable Tg.

Therefore, patients with a Tg concentration
that is detectable but at a low level (below 
an institutional cutoff determined following
rhTSH stimulation for each particular assay
employed) and no other abnormalities should
be followed with rhTSH-stimulated Tg meas-
urement one year or more later depending on
the Tg level and the clinical context. Serum Tg
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will decrease in about two thirds of these
patients and subsequent monitoring should be
conducted in the same manner as in patients
without any evidence of disease up to the 6- to
12-month follow-up. In individuals who show a
stable or increasing Tg concentration between
the 6- to 12-month follow-up and the subse-
quent testing point, persistent or recurrent
disease should be carefully sought [36,37].

Patients who at the 6- to 12-month follow-up
have detectable rhTSH-stimulated Tg levels
above the institutional cutoff also should receive
such management, starting with the adminis-
tration of a large activity of 131I. If the postther-
apy TBS does not show any uptake, other
imaging modalities may be employed: spiral
computed tomography of the neck and chest,
bone scintigraphy, and [18F] fluorodeoxyglucose
positron emission tomography (FDG-PET).
FDG-PET may be more sensitive when per-
formed following rhTSH stimulation [38,39]. Its
main role is to provide a reliable investigation
of the mediastinum.

Particular Conditions
Patients with Evidence of Disease
Persistent disease is more frequently found in
patients with extensive disease in the neck,
including those with large thyroid tumor, tumor
extension beyond the thyroid capsule, or with
extensive lymph node metastases. Similarly,
recurrent disease occurs more frequently in
these patients, the recurrence rate after the 6- to
12-month follow-up being around 10%. Of note,
most patients who will experience a recurrence
during the subsequent follow-up can be individ-
ualized at the 6- to 12-month follow-up because
they already have a detectable serum Tg.

Patients with evidence of disease are treated
according to the location of the disease.

Patients with Large Thyroid
Remnants
In patients with large thyroid remnants who are
treated with radioiodine, immediate postabla-
tion TBS may be poorly sensitive for detecting
uptake outside the thyroid bed; also, the abla-

tion rate is lower than in patients with small
thyroid remnants. Detectable serum Tg may be
related to persistent thyroid remnants. For these
reasons, a dxTBS at 6 to 12 months may be indi-
cated. Whenever rhTSH is used to provide TSH
elevation for dxTBS, an activity of at least 
148 MBq (4 mCi) of 131I should be administered
one day after the last injection of rhTSH. This
underlines that performing a total thyroidec-
tomy in all DTC patients will improve the
quality and ease of the follow-up.

Patients with Anti-Tg Antibodies
In such cases, follow-up cannot rely on serum
Tg determination and should comprise neck US
and 131I TBS. The persistence of anti-Tg anti-
bodies for more than 2 years after initial treat-
ment is suspicious of persistent disease [10,11].

Patients Who Did Not Receive 131I
Ablation Therapy
By definition, the risk of recurrence according
to initial prognostic indicators and complete-
ness of surgery is low in these patients. Follow-
up is based on serum Tg determination during
L-T4 treatment, which should be undetectable,
and on neck US. In the presence of any abnor-
mality, an ablative activity of 131I may be admin-
istered some months or even years after surgery,
with a TBS performed some days later.

Conclusion
The monitoring of patients with DTC is enter-
ing an era of still greater safety, simplicity, con-
venience, and cost savings with the recent
documentation of (1) the lack of sensitivity of
dxTBS in identifying individuals suspicious for
disease among patients without evidence of
DTC up to the 6- to 12-month follow-up who
also are receiving TSH-stimulated Tg testing;
(2) the efficacy of rhTSH stimulation and its
safety and preservation of patients’ work pro-
ductivity relative to L-T4 withdrawal and con-
comitant hypothyroidism; and (3) the superior
efficacy of neck US in detecting neck 
recurrences.
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Introduction
For patients with differentiated thyroid carci-
noma (DTC), the main goal of follow-up is to
identify tumor at the earliest stage possible
while simultaneously distinguishing those who
are free of disease. Although a thin diagnostic
line separates the two groups, it is important 
to differentiate them because therapy has the
greatest potential to extend survival in the first
group while the second group should be reas-
sured and spared from unnecessary treatment,

especially thyroid hormone suppression of TSH
with its potential for producing adverse cardiac
events and loss of bone mineral density. Tumor
is identified in its earliest stages when the 
TSH-stimulated serum thyroglobulin (Tg) con-
centration rises above 2mg/L, whereas in the
absence of tumor, the Tg remains undetectable,
even during TSH stimulation.

Classification of Tumor Status
after Initial Therapy
Patients are classified as being free of disease
after total or near-total thyroidectomy and 131I
remnant ablation when all of the following cri-
teria are fulfilled:

• Complete resection of identifiable tumor.
• No uptake outside the thyroid bed on the

posttherapy whole body 131I scan.
• Negative neck ultrasound examination.
• Undetectable serum Tg levels (<1mg/L)

during both:
thyroid hormone suppression of TSH and
TSH stimulation.

TSH stimulation of Tg can be achieved either
by administering recombinant human TSH
(rhTSH, Thyrogen, Figure 20.1) or by withdraw-
ing thyroid hormone (THW) long enough,
usually 2 to 3 weeks, to raise TSH levels above
30 mIU/L [1,2]. This is necessary because meas-
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uring serum Tg concentrations during thyroid
hormone suppression of TSH (THST) fre-
quently fails to identify persistent tumor or
identifies it late in its course when it is at a 
more advanced stage [3–6]. Likewise, perform-
ing diagnostic whole-body scans (DxWBS),
whether after THW or with rhTSH administra-
tion, often fails to identify persistent tumor.
On the other hand, posttreatment whole-body
131I scans (RxWBS) and neck ultrasonography
are powerful tools with which tumor may be
identified at an early stage [3–6].

The Problem of Delayed
Identification of Tumor
In older studies that used less sensitive follow-
up techniques, tumor was often first identified
10 or more years after initial therapy, often at 
an advanced stage that was unresponsive to
therapy (Figure 20.2) [7]. Delayed treatment,
whether caused by failure to recognize malig-
nancy in a thyroid nodule [8], or by withhold-
ing contralateral lobectomy (completion
thyroidectomy) until long after hemithyroidec-
tomy has been done [9], or by failing to
promptly identify persistent tumor after initial
therapy [7], all increase the likelihood that
tumor will be found at a more advanced stage,
thus increasing cancer mortality rates [10]. In
our studies, for example, 15% of regional

relapses and 25% of distant metastases were
first noted more than 10 years and in some cases
as long as 35 years after initial treatment.

Newer diagnostic paradigms that rely heavily
upon measuring TSH-stimulated serum Tg
levels now identify persistent tumor within 3 to
18 months of initial therapy, sometimes at such
an early stage that the tumor site is only visible
with sensitive neck ultrasound studies or on
RxWBS or 18FDG-PET imaging (Figure 20.3 and
Chapter 1) [1,2,5,11]. Albeit is considerably
more sensitive than older follow-up paradigms,
this new approach has caused a troubling new
problem: identifying the source of a high serum
Tg level when the DxWBS studies are negative.
An even more difficult problem arises when 
the post-131I ablation RxWBS study is negative,
which is currently the most common reason
patients are referred to our clinic. Although 
controversy swirls around the treatment of
such patients [12–15],contemporary studies give
considerable insight into their management.

Clinical Evaluation
Serum Tg Levels
High Serum Tg Concentrations and 
Tumor Mass

After total or near-total thyroidectomy and 131I
remnant ablation when the TSH level is stable

Figure 20.1 Serum rhTSH levels
achieved after intramuscular (IM) injec-
tion of rhTSH (recombinant human TSH,
Thyrogen). (Data reproduced with per-
mission of the Genzyme Corporation,
Boston, MA, USA.)



Management of DTC Patients with Negative Whole-body Radioiodine Scans & Elevated Serum Tg Levels 239

during THST, any alteration in the serum Tg
level usually reflects a change in tumor mass
[16,17]. Still, an undetectable basal (THST) Tg
level, using current commercial assays, is not a
reliable criterion to exclude tumor in patients
who have been treated with total thyroidectomy
and 131I [17]. This requires TSH stimulation. The
magnitude of rise in serum Tg levels in response
to TSH stimulation, whether by THW or rhTSH,
gives a good estimate of tumor mass, providing
the cells are capable of secreting Tg [16,17].
Patients with higher serum Tg levels generally
have more extensive disease and require more
aggressive treatment than those with minimally
elevated serum Tg levels [1,2,5,6,17]. In a recent
study of 169 patients with metastatic disease,
Robbins et al. [18] found that the basal Tg level
directly correlated with the number of metasta-
tic lesions, and that it was highest in patients
with follicular and lowest in those with papil-
lary thyroid carcinoma. Moreover, the basal Tg
level was highest in those with bone metastases
and lowest in patients with cervical metastases.
The increase in serum Tg after rhTSH was
highest in papillary thyroid carcinoma and
lowest in Hürthle cell carcinoma, but was not
influenced by tumor volume or by the site of
metastatic lesions.

Accurate measurement and interpretation of
serum Tg levels (see Chapter 18) is a prerequi-
site for distinguishing patients who are free of
disease from those with persistent tumor, espe-
cially when its presence is signaled only by an
elevated serum Tg level [1,2,5,6]. Several things
spuriously lower or elevate serum Tg concen-
trations, which must be taken into account in
the evaluation of patients with a high serum Tg
level and a negative DxWBS.

Misleadingly Low Serum Tg Measurements

Following thyroidectomy and 131I ablation, the
serum Tg level should be undetectable (<1mg/L)
during THW and after rhTSH stimulation
[1,2,16], but both tests may be falsely low in
patients with persistent tumor when anti-Tg
antibodies (TgAb) are present in the serum
specimen in which Tg is measured [16]. This 
is an important problem because TgAbs are
present in 25% of patients with DTC [19].
Still, among patients who are free of disease,
the TgAb levels progressively decrease and 
disappear within a median of 3 years (2 to 4
years) after complete thyroid ablation, thus
serving as a surrogate tumor marker [20].
Although Tg recovery assays are commonly

Figure 20.2 Recurrence rates of differentiated thyroid cancer over time. (Drawn from the data of Mazzaferri and Kloos [14].)
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used to circumvent this problem, some question
the accuracy of this methodology [16].

Serum Tg levels also may be erroneously
undetectable, even after TSH stimulation, in
patients with lymph node metastases [17,21],
particularly when Tg is measured by recovery
Tg assays [5,11,21,22]. Although circulating Tg
mRNA is a potentially more sensitive marker 
of thyroid tissue or persistent tumor than is the
serum Tg concentration, especially in serum
specimens with circulating TgAb, it has not yet
gained widespread clinical use [23,24]. Negative
thyroid ultrasonography and RxWBS remain
the best indicators that a patient is free of tumor
when TgAbs are present. Perhaps the most 
dangerously misleading situation occurs when
tumor becomes more undifferentiated and fails
to secrete Tg, even in response to TSH stimula-
tion, and also fails to concentrate 131I on RxWBS.

Misleadingly High Serum Tg Measurements

This is also of importance, especially consider-
ing the trend of treating high serum Tg levels
with 131I when the DxWBS is negative. Het-
erophile antibodies (HAB), which are human
anti-animal (often anti-mouse) antibodies,
may interfere with Tg measurements made by
immunometric assays (IMA). Unlike the situa-
tion with TgAb, interference caused by HAB
tends to artifactually raise serum Tg levels. A
recent study [25] of one commonly used auto-
mated IMA system found that 3% of 1106 spec-
imens with a serum Tg >1mg/L fell an average of
57%, going to levels <1mg/L and in some cases to
<0.1mg/L after the serum had been incubated in
HAB-blocking tubes. The artifactually elevated
serum Tg levels ranged from 1 to 15 600mg/L,
averaging 123.3mg/L with a median of 14mg/L.
Most of these specimens were Tg-negative. HAB
interference thus can lead to artifactually high
serum Tg levels that are well within the range
being empirically treated with 131I. It is likely
that other commercial Tg IMA tests have a
similar problem. Unless a Tg assay is confirmed
to be free of HAB interference, this problem
should be suspected if the Tg results do not fit
the clinical picture or fail to rise with TSH stim-
ulation or to fall with THST.

Even without assay artifacts, a high Tg may
not necessarily reflect the presence of tumor.
It occurs, for example, with a large thyroid

remnant [16]. Tg levels are also high for 4–6
weeks immediately after thyroidectomy [16],
and may rise again after diagnostic 131I scan-
ning, falling spontaneously after about 2 weeks
[26], and may remain high for months after 131I
remnant ablation or tumor treatment [11].

Measuring Serum Tg Levels over Time

Persistently high post-131I ablation serum Tg
levels sometimes decline spontaneously over
several years to undetectable levels without
further treatment [11,27]. The pattern of serial
serum Tg measurements, made while the
patient has a stable TSH, is thus more useful
than an isolated Tg value[11], providing the Tg
measurements are made in the same laboratory
using the same assay method [16].

Serum Tg Concentrations During TSH
Suppression and after TSH Stimulation

TSH-stimulated serum Tg concentrations,
which typically rise >10-fold above basal
(THST) levels [16], increase about twofold
higher in response to THW than they do with
rhTSH [16]. Although the exact Tg cutoff level
varies with the assay being used, a TSH-
stimulated serum Tg level >2mg/L [1,28] after
rhTSH administration or during endogenous
TSH elevation (THW) is suspicious of tumor in
a patient who has undergone total thyroidec-
tomy and thyroid remnant ablation [1,5,11].
This is a much more sensitive test than measur-
ing Tg levels during THST. Without TSH stimu-
lation, ~20% of patients with lymph node
metastases and 5% of those with distant metas-
tases are missed by a Tg <1mg/L during THST
[2]. Examined from another perspective, 20% of
784 patients who had no clinical evidence of
tumor, and baseline serum Tg levels <1mg/L
during THST, developed a serum Tg >2mg/L 72
hours after rhTSH administration [1]. Of the
group with an rhTSH-stimulated Tg >2mg/L,
36% had metastases, over one third of which
were in distant sites [1]. An rhTSH-stimulated
Tg >2 mg/mL identified 91% of those with
metastases, whereas DxWBS after either rhTSH
or THW identified only 19% [1]. It is important
to note that these studies employed a variety of
commercial Tg assays. Using a TSH-stimulated
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Tg cutoff of 2mg/L, either after THW or 72 hours
after rhTSH, along with neck ultrasonography,
is sufficiently sensitive to be used alone in the
follow-up of patients with DTC, providing there
is no uptake outside the thyroid bed on the 
post 131I-remnant ablation RxWBS [1,2,5,11]. A
serum Tg above a cutoff of 2mg/L should be 
considered high enough to warrant further
study or more frequent surveillance, but the
exact Tg cutoff should be determined for each
institution and can be related to the above data
by considering the normal reference range of
the Tg assay being used. Chapter 18 provides
information about new sensitive Tg assays,
which may replace TSH-Tg stimulation. How-
ever, before this becomes widely used, careful
studies will be necessary to identify the optimal
Tg cutoffs using these new sensitive Tg assays,
which must be gauged against the gold stan-
dard, which currently is Tg-stimulated serum
Tg measurement.

Imaging Studies
Diagnostic Whole-Body 131I Scans

This is generally performed 48 to 72 hours after
185 MBq (5 mCi) of 131I. The technique used 
for performing the DxWBS may be the cause of
a negative imaging study. Smaller amounts 
of 131I for DxWBS often fail to show thyroid bed
or tumor uptake, while larger amounts may 
have a sufficiently harmful effect to interfere
with subsequent uptake of therapeutic doses 
of 131I on RxWBS [29]. Referred to as “thyroid
stunning,” this effect is not always seen [29] 
but occurs with as little as 111 MBq (3 mCi) of
131I and becomes increasingly greater with
larger amounts of 131I, but it is not produced 
by 123I [30]. Perhaps of most importance, the
DxWBS is usually unnecessary, even before the
first postoperative 131I treatment in low risk
patients who are clinically free of tumor after
surgery [1,2].

Posttreatment Whole-Body 131I Scans

An RxWBS should always be done to document
the site and extent of 131I uptake. Up to 25% of
RxWBS studies show tumor not detected by the
DxWBS, regardless of the amount of 131I used for

the latter [14,15]. The RxWBS is most likely 
to yield important new information in young
patients with high serum Tg concentrations and
negative DxWBS, especially if they have been
previously treated with 131I [31]. Older patients
with bulky disease visualized on X-rays or CT,
and those without 131I uptake on previous
RxWBS, rarely show uptake on subsequent
RxWBS [31].A recent study of 106 patients with
DTC found that the RxWBS after the first 131I
ablation changed the disease stage in 8.3% of
the patients and the therapeutic approach in
another 15%, and provided clinically relevant
information for 26% of the patients who had
undergone a previous ablation [32].

Neck Ultrasonography (US)

Study of the central and lateral cervical com-
partments by neck US often detects small
malignant lymph nodes and other neck tumors
in patients with an elevated serum Tg level. Size
alone is not a good criterion for malignancy.
A 1 cm cutoff for differentiating benign from
malignant lymph nodes fails to identify the
majority of malignant lymph nodes, which are
more reliably recognized by their shape and
other characteristics [33]. Benign lymph nodes
tend to be elongated (oval to fusiform) with a
Solbiati index (SI = ratio of largest to smallest
diameter) >2 [34] and often show a string-like
hyperechoic central structure (hilar sign) with
a central hilar pattern of blood flow on power
Doppler [33]. Malignant lymph nodes have a
rounded or oval appearance with an SI £2 in
over 80% of cases and do not have a hilar sign
[33]. Perhaps the best indicators of malignancy
in a lymph node are its heterogeneous echo
pattern or irregular hyperechoic small intran-
odal structures and the presence of irregular
diffuse intranodal blood flow on power Doppler
study [33].

Neck US combined with TSH-stimulated
serum Tg levels has the highest diagnostic 
accuracy for detecting persistent neck tumors.
A study of 294 patients [35] comparing rhTSH-
stimulated serum Tg levels, DxWBS, and US
found that US and rhTSH-stimulated serum Tg
used together had the highest sensitivity (96%)
and negative predictive values (99.5%). Others
report similarly good results with US, even in
children [22,36]. In one study [5], neck US
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identified lymph node metastases in 67% of the
patients with rhTSH-Tg levels >5mg/L, in 13%
with a Tg from 1 to <5mg/L, and in only 3% with
a Tg <1mg/L.

18Fluorodeoxyglucose Positron Emission
Tomography (FDG-PET)

An elevated serum Tg level with a negative
RxWBS is a major indication for FDG-PET
scanning [37–40]. It usually performs better
than 99mTc sestamibi scintigraphy and DxWBS
and often identifies tumor that is amenable to
surgery [41,42]. Depending upon the serum Tg
level, its sensitivity for detecting metastases in
one study was 11%, 50%, and 93% of patients
with Tg levels, respectively, of <10, 10–20, and
>100mg/L. Sensitivity is enhanced by raising
serum TSH levels either by THW [38] or by
rhTSH administration [43]. Unlike tumors that
concentrate 131I, RxWBS-negative metastases
that demonstrate FDG uptake tend to be poorly
differentiated and to display rapid growth,
making FDG-PET scanning of value in provid-
ing prognostic information. In one study [44],
for example, the 3-year survival probability was
96% and 18% for patients with FDG-PET
volumes, respectively, of £125 mL and >125 mL.
No cancer deaths occurred in 66 FDG-negative

patients, including 10 with distant metastases
who were alive and well at the end of the follow-
up period, whereas almost 70% of 59 FDG-PET-
positive patients died during the same period.
This test often changes the clinical management
of patients with elevated serum Tg levels and
negative RxWBS. In one study [40], FDG-PET
was positive in 70% of 27 patients, 14 of whom
had tumor in cervical lymph nodes, 2 in medi-
astinal lymph nodes, 3 in lung, and 2 in bone,
which resulted in surgical intervention in 17 of
the patients, 82% of whom achieved a disease-
free status.

Testing Sequence
The testing sequence varies among clinicians
(see Chapter 19), but the one we use is shown in
Figure 20.3. In a patient with no uptake outside
the thyroid bed on the RxWBS after 131I remnant
ablation who is clinically free of disease, the first
step is to perform a serum Tg measurement
during TSHT. If the serum Tg is undetectable,
neck ultrasonography is done and 0.9 mg of
rhTSH is administered intramuscularly for 2
consecutive days; 72 hours after the last rhTSH
injection a serum Tg is measured. This can be
done with THW, but the TSH levels are less con-

†

‡

Negative Positive

Figure 20.3 Sequence of tests during
follow-up after total thyroidectomy
and thyroid 131I remnant ablation when
Tg is elevated and RxWBS is negative.
Tg is thyroglobulin, rhTSH is recombi-
nant human TSH-a administered at a
dosage of 0.9 mg on 2 consecutive days
with serum Tg measurement 72 hours
after the last injection.* This may occur
at any time during follow-up, but is
more likely to be encountered immedi-
ately after initial therapy.† Urine iodine
should be <100mg/g creatinine, TSH
should be >30 mIU/L following thyroid
hormone withdrawal, lithium pretreat-
ment should be considered. If the
patient cannot become hypothyroid or
the TSH will not rise in response to THW,
rhTSH can be used to stimulate 131I
uptake. ‡ The differential diagnosis of
this condition is detailed in the text.
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sistent during withdrawal [45], making the Tg
cutoff levels used for making therapeutic deci-
sions more variable unless the TSH is >30 mIU/L
[28]. If the serum Tg is less than 2mg/L, the
patient simply is followed at 6- to 12-month
intervals with serum Tg measurements during
THST. If on the other hand, the serum Tg rises
above 2mg/L after rhTSH stimulation and the
neck ultrasonography is negative, 131I therapy
should be considered, particularly if the Tg rises
above 5mg/L after rhTSH. The exact Tg level to
consider 131I treatment is a matter of debate, but
in general the higher the Tg level is at the time
of treatment, the more likely 131I uptake will be
seen on the RxWBS [14]. The levels we use 
to consider further study is a serum Tg level 
>2mg/L after rhTSH and a level >5mg/L after
THW. If there is no uptake on the RxWBS, then
an 18FDG-PET scan should be done.

Treatment
We consider empiric 131I treatment of some
patients with negative whole-body 131I scans if
the serum Tg rises >5mg/L after rhTSH admin-
istration or >10mg/L after THW. Yet before
empiric 131I therapy is administered, the causes
of a high serum Tg level and a negative whole-
body 131I scan must be considered, to avoid
unnecessary treatment in some patients and
missing an important therapeutic opportunity
in others.

The Differential Diagnosis of 
High Tg and Negative Whole-
Body Scans
High Tg and Negative DxWBS

When the serum THST-Tg is detectable (>1mg/
L) or Tg rises above a cutoff of 2mg/L during
rhTSH stimulation and the DxWBS is negative,
there are at least six situations that must be 
differentiated [46]:

• TSH is too low to maximally stimulate 
131I uptake (usually a problem only with
THW).

• Iodine contamination, usually from radio-
graphic contrast material or drugs.

• Metastases too small to see on the DxWBS.

• Heterophile antibody interference with Tg
assays [25].

• Insufficient 131I activity administered for
DxWBS.

• Tumor dedifferentiation with reduced/
absent sodium-iodine symporter function.

High Tg and Negative RxWBS

This is a more serious situation than a negative
DxWBS. When the serum Tg is elevated and the
RxWBS fails to show 131I uptake after 3700 MBq
(100 mCi) has been administered, the usual pre-
sumption is that the tumor does not concentrate
131I. Yet before this hypothesis can be accepted,
one must be absolutely certain that there were
no technical problems in the preparation of the
patient and administration of the isotope and
that “stunning” did not occur during a recent
preceding DxWBS [29]. Indeed, the differential
diagnosis for a negative RxWBS is the same as
summarized above for a negative DxWBS. In
our experience these technical problems are
common, particularly when physicians are
unfamiliar with the usual routines in preparing
patients for 131I treatment.

Insufficient TSH Stimulation of 131I Uptake

After thyroidectomy, 131I uptake by thyroid rem-
nants and metastases is increased by high serum
TSH levels. To maximize the therapeutic effect
of 131I, one must closely adhere to a protocol that
ensures serum TSH reaches levels of at least 
30 mIU/L. This may be done by administering
oral T3 (liothyronine, Cytomel) alone for 4
weeks then withdrawing it for 2 weeks, after
which the patient is hypothyroid and the serum
TSH usually is about 70 mIU/L, but it ranges
from just over 30 to nearly 300 mIU/L, depend-
ing upon the size of the thyroid remnant [47].
T3 may be withdrawn for 4 weeks, which raises
the TSH even further, but careful studies [47]
show that this does not improve 131I uptake by
remnants or tumors more than that achieved
with 2 weeks’ withdrawal of T3. Another way to
do this is to simply withdraw thyroid hormone
therapy and to measure serum TSH levels
several times a week. One recent study [45]
found that serum TSH concentrations reached
more than 30 mU/L 8 to 26 days (14.2 ± 4.8 days)
after thyroidectomy and 9 to 29 (18.1 ± 4.1) 
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days after THW. This level was achieved in 95%
of patients, and only minimal symptoms of
hypothyroidism were noted.

High serum TSH levels can also be achieved
by administering 0.9mg of rhTSH on 2 succes-
sive days, after which serum rhTSH levels peak
to ~180mIU/L and rapidly return to baseline
concentrations within about 5 days (Figure
20.1). This has been used both for diagnostic
[28] and for therapeutic [48–50] purposes. The
latter is an off-label use of the drug, but rhTSH
is associated with greater compliance [51] and
with improved patient comfort as compared
with THW [52]. The half-life of 131I in thyroid
remnants and metastases, however, may be sub-
stantially shorter after rhTSH stimulation than it
is after THW [53]. Then again some [54] find
prolongation of 131I in the thyroid remnant and
decreased radiation to the blood when patients
are given rhTSH for preparation compared with
being hypothyroid. All the patients in the latter
study received diagnostic 131I in the same order:
first while euthyroid, followed by hypothy-
roidism, and it is possible that thyroid remnant
“stunning” seen on RxWBS accounted for 
these observations [54]. Lithium pretreatment,
however, improves 131I retention both in thyroid
remnants and in metastases [55] (see Chapter 1).

Lithium Augmentation of 131I Therapy

Studies [55] from the US National Institutes of
Health show that lithium is a useful adjuvant for
131I therapy of thyroid cancer, augmenting both
accumulation and retention of 131I in tumor and
thyroid remnants (see Chapter 1).A comparison
of 131I retention during lithium treatment with
that during a control period showed a mean
increase in the biological half-life (cell reten-
tion) of 50% in tumors and 90% in remnants.
This increase was proportionally greater in
lesions with poor 131I retention. When the
control biological half-life was less than 3 days,
lithium therapy prolonged the effective half-life
(a combination of biological turnover and
isotope decay; see Figure 1.9 in Chapter 1) in
metastases by more than 50%. More 131I accu-
mulated within metastases or the thyroid
remnant during lithium therapy, probably as a
consequence of its dampening effect on iodine
release. The increase in accumulated 131I and the
lengthening of the effective half-life combined
to increase the estimated 131I radiation dose in

metastases nearly threefold. As a result of these
studies, we regularly use lithium (10 mg/kg) for
one week prior to 131I therapy in patients with a
negative RxWBS if there is any question about
the quality of the original study. Doing this
requires measuring blood lithium levels on 
a daily basis, which should be maintained
within the usual therapeutic limits. The drug is
excreted by the kidney and should be used with
caution in patients with renal impairment, heart
failure or those taking a number of drugs that
interfere with lithium excretion. The physician
should be familiar with the pharmacology and
contraindications to the drug.

Iodine Contamination

Before 131I treatment is administered, the total
body iodine pool should be low and urine
iodine levels should be less than 100mg/g of cre-
atinine. This requires at least 2 full weeks of a
low iodine diet [56] and absolute avoidance of
iodine-containing medicines or iodinated radio-
graphic contrast materials that may expand the
iodine pool for 3 months or longer, depending
upon the contrast material and the patient’s age
and renal function. The time to excrete the
iodine load increases with the number of
studies with radiographic contrast material that
the patient has undergone. We always obtain
urine iodine levels before treating patients who
have received radiographic contrast agents in
the past 6 months because even small amounts
of iodine can interfere with 131I uptake by
thyroid remnants or metastases. A recent study
[57] found that 1110 MBq (30 mCi) of 131I failed
to ablate the thyroid remnant in almost half
the euthyroid patients prepared with rhTSH,
whereas a similar study [49] using the same
preparation and 131I activity achieved about an
80% rate of total ablation by simply by with-
holding thyroxine (50mg of iodine/tablet) for 3
days before and 1 day after 131I administration,
which lowered urine iodine levels to ~38mg/L.

Low Diagnostic 131I Activity as a Cause of a
Negative DxWBS

The amount of 131I administered to perform 
a DxWBS may be too small to visualize a 
thyroid remnant or metastases. This is espe-
cially true when small amounts of 131I (<111
MBq (3 mCi)) are administered. This can be
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improved by using larger 131I activities, but
doing this increases the risk of thyroid stunning
proportionately [58].

Metastases Too Small to See on RxWBS

If the patient’s iodine pool has not been
expanded with iodine, a high serum Tg concen-
tration and negative RxWBS is commonly due
to small lymph node metastases that can be seen
only on ultrasonography. However, lung metas-
tases are usually marked by higher baseline and
TSH-stimulated Tg levels than those occurring
with lymph node metastases, and usually can be
visualized on the DxWBS early in their course.
Tg levels due to tumor, regardless of its location,
continue to rise over time. If the RxWBS is neg-
ative, an 18FDG-PET should be performed, and
if it is negative, watchful waiting with the serum
Tg levels generally clarifies the patient’s tumor
status.

Heterophile Antibody Interference

This should be suspected when the elevated
serum Tg levels do not change with THST or
THW. The Tg should be remeasured in another
laboratory, preferably one that runs specific
tests to eliminate HAB interference [25].

Tumor Dedifferentiation with Impaired
Sodium-Iodine Symporter Function

This is characterized by failure of tumor to con-
centrate 131I after the patient has been carefully

prepared for treatment, including high TSH
levels, lithium pretreatment, and low urine
iodine excretion. If the RxWBS is negative, no
further 131I is administered, especially when the
18FDG-PET scan reveals tumor (Figure 20.4)
[59]. A few patients with tumor that does not
concentrate 131I may benefit from 13-cis-retinoic
acid therapy, which has the potential to redif-
ferentiate thyroid cancer cells in vitro. Given
orally for at least 2 months to 12 patients with
DTC that could not be otherwise treated,
retinoic acid induced 131I uptake in two and a
faint response in three patients [60]. Subsequent
studies, however, have shown less of an effect
[61].

Choice of Therapy
Surgery Versus 131I Versus External Beam
Radiotherapy (EBRT) Therapy Versus 
No Therapy

Patients with high serum Tg levels should be
treated with surgery, whenever possible (Figure
20.3). Patients should not be treated with 131I if
they have any of the following five conditions:
(1) HAB Tg interference; (2) after adequate
preparation, there is no 131I uptake on RxWBS;
(3) there is no fall in Tg within a year after 131I
therapy; (4) there is intense uptake of 18FDG-
PET by metastases; or (5) anatomical imaging
such as ultrasonography reveals tumor deposits
amenable to surgery. EBRT should be consid-
ered in patients over 45 years who have locally
invasive (pT4 tumors), unresectable regional

Figure 20.4 The relationship of the
therapeutic response to 131I is related to
18FDG-PET results. When there is avid
uptake of 18FDG, subsequent 131I treat-
ment was largely ineffective in 25
patients in the study group, in which
there was a 32% increase in serum Tg
over time (right bar) while a negative
18FDG-PET scan was associated with a
62% decline in serum Tg concentrations
after 131I therapy in the control group.
(Drawn from the data of Wang et al.
[59].)



246 Practical Management of Thyroid Cancer

tumor that does not concentrate 131I (Figure
20.3).

Efficacy of 131I Therapy
When the DxWBS and neck ultrasonography
are both negative, patients are often empirically
treated with 131I, both to locate and to treat 
persistent tumor [4]. Whether this benefits
patients has sparked much controversy [12–15],
mainly because there are few studies with long-
term follow-up of such treatment, there are 
no randomized prospective trials of this treat-
ment, and there are considerable differences in
patient cohorts and endpoints among studies of
empiric 131I treatment. Still, there is one consis-
tent observation: serum Tg levels decline when
131I uptake is seen on the RxWBS after 3700 to
5550 MBq (100 to 150 mCi) of 131I, particularly in
patients with lung metastases (Figures 20.5 and
20.6) [27,62]. Empiric 131I treatment must be
considered with caution, however, in the light of
studies that show a slow fall in high serum Tg
levels months to years after 131I ablation without
further treatment [11,27]. Long-term follow-up
of our cohort of patients [6] undergoing follow-
up studies showed that about half the patients
whose rhTSH-stimulated Tg increased above
the detectable range but remained £2mg/L had
a spontaneous fall in serum Tg to undetectable
levels over 3 to 5 years, whereas this occurred in
only 5% of patients with an rhTSH-stimulated
serum Tg >2mg/L.

Follow-up is too short in most studies to
know if empirically treating high serum Tg
levels when the DxWBS is negative enhances

survival, but several studies suggest that this
occurs. The survival benefit from 131I therapy
appears to be inversely related to tumor mass.
Schlumberger [63], for example, reported com-
plete remission and 10-year survival rates,
respectively, of 96% and 100% in 19 patients
with tumor found only on a positive RxWBS,

µ

Figure 20.5 Serum Tg levels after 131I treatment of thyroid
cancer in 17 patients with elevated serum Tg levels and nega-
tive DxWBS scans. Evaluations were performed within 1 year of
a positive RxWBS and/or Tg measurement greater than 5mg/L,
and 1 to 2 years after a negative RxWBS or Tg measurement of
5mg/L or less. The amount of 131I administered at each evalua-
tion ranged from none in some patients to 3700 to 11 100 MBq
(100 to 300 mCi) in others. (Drawn from the data of Pineda et al.
[62].)
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Figure 20.6 Mean change in serum Tg
levels 10 months after empiric 131I therapy
of 28 patients with high serum Tg concen-
trations and negative DxWBS studies com-
pared with 32 control patients who did not
undergo 131I therapy for elevated serum Tg
concentrations and negative DxWBS. The
differences between the two groups are
statistically significant (P < 0.001). (Drawn
from the data of Koh et al. [68].)
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compared with 83% and 91% among 55 patients
with metastases seen on both the DxWBS and
RxWBS, and 53% and 63% among 64 patients
with micronodules seen on chest X-ray, and
with 14% and 11% among 77 patients with
macronodules seen on chest X-ray.

In another study [64], 56 patients with DTC
were treated with 5550 MBq (150 mCi) of 131I
because of an elevated serum Tg level after THW
and a negative 370 MBq 131I (10 mCi) DxWBS.
After empiric 131I therapy, half had 131I uptake on
the RxWBS and half did not. After a median of
4.2 years (0.5 to 13.5 years) and treatment with a
median cumulative 131I activity of 150 mCi (range
50–650), 64% of the 28 patients with positive
RxWBS achieved complete remission defined as
a negative RxWBS and a serum Tg <1.5mg/L on
THST,compared with only 36% of the 28 patients
with a negative RxWBS. None of those with a
positive RxWBS died of thyroid cancer, whereas
9 without 131I uptake died of cancer, producing a
5-year survival rate of 100% in the former and
76% in the latter (P < 0.001). However, it may be
that patients who had no uptake of 131I on the
RxWBS had less well-differentiated tumor,
which in itself might explain the differences in
survival benefit from empiric 131I therapy.

In another study of 23 patients treated with
131I for diffuse pulmonary metastases detected
only by 131I imaging, 87% had no lung uptake 
on subsequent scans [65]. After 131I therapy,
serum Tg became undetectable and lung CT
scans showed disappearance of the micronod-
ules in almost half the patients, while lung
biopsy showed no evidence of disease in two.

Others also report a substantial fall in serum 
Tg levels after 131I treatment with little or no
progression of disease compared with a rise in
serum Tg over time and progression of disease
in patients who have been treated [62]. Others
report a reduction of metastatic disease in most
patients whose lung metastases concentrate 131I,
but find that a complete remission is uncommon
[66,67]. Still, a partial response with reduction
of metastatic disease is usually possible and
patients generally have a good quality of life
with no further disease progression.

In another study [68], in which 28 patients
with high serum Tg levels and negative DxWBS
studies were treated with 131I and 32 were not
treated, the decreases in serum Tg during THST
and THW in the treated group were 41.2% and
37.0%, respectively, levels that were significantly
higher (P < 0.001) than those in the untreated
group,which were 43.6% and 66.6%,respectively
(Figure 20.6). The serum Tg levels were unde-
tectable (<1mg/L) in four cases, both on and off
thyroid hormone 15 to 22 months after the ad-
ministration of 131I, and these negative serum Tg
levels persisted for 24 to 70 months; however,this
was not observed in any of the untreated group.
The RxWBS studies revealed pathologic uptake
in 12 of 28 cases (43%). Most of the patients in
the treated group (89%) had stable disease or
experienced a partial remission, while only 11%
had progression of their disease, whereas the
comparable figures in the untreated group were,
respectively, 53% and 47% (Figure 20.7).

Eleven studies of empiric 131I therapy are sum-
marized in Table 20.1 [13,14,27,62,64,68–73]. In
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Figure 20.7 Location of tumor and disease
progression in the same group of patients
whose data are shown in Figure 20.6. The
panel on the left shows the location of 131I
uptake in the treated group and the panel
on the right shows the effect of therapy in
the two groups. (Drawn from the data of Koh
et al. [68].)



248 Practical Management of Thyroid Cancer

Table 20.1 Studies of empiric 131I therapy

Number of patients

Negative Positive
DxWBS and RxWBS after

Total in empirically empiric Follow-Up
Authors study treated treatment duration Results

Pachucki and 21 7 (33%) 4 (57%) 1.5–34 No data
Burmeister [69] months

Mazzaferri and 10 10 (100%) 8 (80%) 2–4 years 3 no uptake on RxWBS and Tg-off <5mg/L
Kloos [14]

Ronga et al. [70] 61 11 (18%) 8 (73%) Not given No follow-up data in pos. RxWBS group.
One of 3 patients with neg. RxWBS had 
progressive disease within 5 months

De Keizer et al. 22 16 (73%) 11 (69%) 1 year Decrease in Tg-off in 9 patients with 
[71] RxWBS pos. and in 3 with RxWBS neg.

Tg-off 8–608mg/L
Pacini et al. [72] 17 17 (100%) 16 (94%) 12 patients; At last follow-up decrease in serum Tg 

30 months (-off ) in 7 and an increase in 1 patient
to 5 years

Pineda et al. [62] 17 17 (100%) 16 (94%) 6 months to Decrease in Tg-off in 81% after 1st empiric
5 years treatment and in 5 patients after 3rd 

empiric 131I treatment. 50% of patients 
had Tg-on <5mg/L. RxWBS neg. in 50%;
Tg-off never <5mg/L

Fatourechi 24 24 (100%) 6 (25%) 6–33 Tg-on increased after 131I in 75% of 
et al. [13] months patients; 5 died, 4 with negative 

RxWBS, 1 with partial neg. RxWBS (no 
uptake in bone metastases)

Schaap et al. [73] 39 39 (100%) 22 (60%) Up to 15 Tg-on after RxWBS pos. decreased and
months increased in RxWBS-neg. group 

(P = 0.006.)
Pacini et al. [27] 70 42 (60%) 30 (71%) Mean 6.7 Decrease in Tg-off in 19 patients with 

years ± 3.8 RxWBS pos. Complete remission in 33% 
years of patients with RxWBS pos., in 17% 

with RxWBS neg., and in 68% of 
untreated group

Van Tol et al. [64] 56 56 (100%) 28 (50%) Mean 4.5 ± No change in Tg-off before and after 
2.9 years empiric 131I therapy in both groups.

Complete remission in 64% of patients 
with RxWBS pos., and in 36% with 
RxWBS neg. 5-year cancer survival 
100% in RxWBS-pos. and 76% in 
RxWBS-neg. group

Koh et al. [68] 60 28 (47%) 12 (43%) 23.8 ± 19.6 Tg-on and Tg-off decreased, respectively 
months 41% and 37% in treated group versus a 

Tg rise of 44% and 67%, respectively in 
untreated group

Total 397 267 (67%) 161 (60%) 23.8 ± 19.6 Tg-on and Tg-off decreased, respectively 
months 41% and 37% in treated group versus a 

Tg rise of 44% and 67%, respectively in 
untreated group

Updated and modified from van Tol et al. [64]. DxWBS, diagnostic 131I whole-body scan; RxWBS, posttreatment whole-body scan; Tg-on,
serum Tg measured during thyroid hormone therapy; Tg-off, Tg measured off thyroid hormone or under rhTSH stimulation; pos., positive; neg.,
negative.
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these studies, 60% of 161 patients had 131I uptake
on the RxWBS. The best responses occur in chil-
dren and young adults with diffuse pulmonary
metastases not seen on any imaging studies
except on the RxWBS [15,74]. This is not un-
common. We found uptake in the lung only on
the RxWBS study in 13% of 89 consecutive
paired DxWBS and RxWBS studies performed
in 79 patients (15% of the patients) with serum
THW-Tg levels that were almost always above 15
mg/L [14]. Two to 4 years later, three of them
(25%), all under 45 years, had no uptake on
RxWBS and serum Tg levels <5mg/L during
THW.

Summary
The situation of a high serum Tg concentration
and a negative DxWBS is common in patients
with DTC and requires a careful search for
tumor while excluding factitial causes for an ele-
vated serum Tg or a negative RxWBS. Empiric
131I therapy should be considered only after
certain criteria are fulfilled, such as negative
neck ultrasonography, and should be done only
after impeccable patient preparation. There are
certain situations in which empiric therapy
usually should not be given. This includes
tumors that previously have failed to concen-
trate 131I even after the patient has been carefully
prepared for the treatment. No prospective 
randomized studies have been done to substan-
tiate the long-term effect of treatment of these
patients, but studies now show that serum Tg
levels consistently decline after uptake is seen
on the RxWBS after empiric 131I therapy, and
that tumor may regress to the point that mor-
tality rates are improved in some patients.
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Section VI
Medullary Thyroid Carcinoma



Introduction

Medullary thyroid carcinoma is a well-
differentiated thyroid tumor maintaining the
biochemical and pathological features of the
parafollicular or calcitonin-producing C cells
from which it derives [1,2]. Its origin makes it a
separate entity from the other differentiated
thyroid carcinomas.

The overall frequency of medullary thyroid
carcinoma is not well established, while its
prevalence is 5–10% in all thyroid malignancies,
0.4–1.4% in all thyroid nodules, and less than
1% in the thyroids of subjects submitted to
autopsy. Contrary to papillary and follicular car-
cinomas, no difference in distribution between
females and males is observed. The clinical
appearance is mainly in the fourth and fifth
decades, but a wide range of age at onset is
present [3–6].

No significant environmental factors or
ethnic differences associated with the develop-
ment of medullary thyroid carcinoma have been
identified, although associations with prior
thyroid diseases and other disorders such as
hypertension, allergies, and gallbladder disease
have been reported in a pooled analysis of epi-
demiological studies [7].

The pathogenetic mechanism has been rec-
ognized in the activation of the RET proto-
oncogene [8–10]. According to the somatic or
germline localization of the activated RET onco-
gene, two different forms are recognized: the

sporadic form, which accounts for about 75% of
cases, and the hereditary or familial form, which
accounts for the remaining 25%. Only the hered-
itary form affects children and, generally, the
most aggressive is the multiple endocrine neo-
plasia type 2B (MEN2B) syndrome in the clini-
cally affected child [11–13].

The biological behavior of medullary thyroid
carcinoma is much less favorable when com-
pared with that of the other well-differentiated
thyroid carcinomas even though it is not as
unfavorable as that of anaplastic carcinoma [14]
(Figure 21.1). A 10-year survival of about 50%
of medullary thyroid carcinoma patients is
reported in several series. Both the cure and sur-
vival of these patients are positively affected by
an early diagnosis [15,16].

Clinical Presentation
Sporadic Form
The most common clinical presentation of spo-
radic medullary thyroid carcinoma is a thyroid
nodule, either single or belonging to a series 
of nodules configuring the clinical picture 
of a multinodular goiter. With the exception of
the simultaneous presence of diarrhea and/or
flushing syndrome, which is however rare 
and usually related to an advanced metastatic
disease, patients do not generally have any
specific symptom. The association of thyroid
nodular disease with a lump in the neck may
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lead the clinician to suspect a thyroid malig-
nancy but not specifically a medullary thyroid
carcinoma.

Hereditary Forms
In about 25% of cases the medullary thyroid
carcinoma is one of the components of the mul-
tiple endocrine neoplasia type 2 syndrome,
which is an autosomal dominant inherited 
syndrome with a variable degree of expressi-
vity and an age-related penetrance. As shown 
in Table 21.1, three different hereditary syn-
dromes can be classified according to the
involved organs: (a) multiple endocrine neopla-

sia type 2A (MEN2A), a syndrome consisting of
medullary thyroid carcinoma, pheochromocy-
toma, and parathyroid neoplasia [17]; (b)
MEN2B, a syndrome consisting of medullary
thyroid carcinoma, pheochromocytoma, muco-
sal neuromas, and ganglioneuromatosis [18]; (c)
familial medullary thyroid carcinoma (FMTC),
which is characterized by the presence of an
inheritable medullary thyroid carcinoma with
no apparent association with other endocrine
neoplasia [19]. After the introduction of RET
genetic screening, the relative prevalence of the
FMTC syndrome has been found to be much
higher (from 10% to 50% of all MEN syn-
dromes) (Figure 21.2). The increased number of
FMTC cases is mainly due to the high number
of apparently sporadic medullary thyroid carci-
nomas demonstrated to be familial cases by the
RET mutation analysis [20,21].

The clinical appearance of medullary thyroid
carcinoma in MEN syndromes is that of
a thyroid nodular disease, similar to that of
the sporadic form with the exception that it 
is usually bilateral, multicentric, and almost
invariably associated with C-cell hyperplasia
[22–24]. The clinical course of the medullary
thyroid carcinoma varies considerably in the
three syndromes. It is very aggressive and
almost invariably unfavorable in MEN2B, with
affected patients rarely surviving after adoles-
cence. It is most indolent in the majority of
patients with the FMTC form and shows 
variable degrees of aggressiveness in patients
with MEN2A. Different types of RET gene muta-
tions account for different biological behavior
[25–28] and separate therapeutic protocols have
been defined for the treatment of medullary
thyroid carcinoma occurring in the three differ-
ent syndromes [29].

Figure 21.1 Survival rate of patients affected by different his-
totypes of thyroid carcinoma. MTC patients have a 10-year sur-
vival rate of about 50%, which is lower than that of patients with
papillary and follicular thyroid carcinoma but higher than that
of patients with anaplastic thyroid carcinoma.

Table 21.1 Prevalence of different endocrine neoplasia and
other clinical manifestations in MEN2 syndromes

Prevalence
Clinical manifestation (%)

MEN2A Medullary thyroid carcinoma 100
Pheochromocytoma 50
Parathyroid adenomas 10–30
Cutaneous lichen amyloidosis <10

MEN2B Medullary thyroid carcinoma 100
Mucosal neuromas (tongue, 100

subconjunctivas)
Ganglioneuromatosis 100
Marfanoid habitus 65
Pheochromocytoma 45

FMTC Medullary thyroid carcinoma 100

MTC

HEREDITARY 25%

SPORADIC  75%

MEN IIA 40 %

MEN IIB   5 %

FMTC      55 %

Figure 21.2 Classification and relative prevalence of different
forms of medullary thyroid carcinoma according to RET genetic
screening and clinical manifestations.
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Between 10% and 30% of patients with
MEN2A develop hyperparathyroidism during
the third to fourth decades of life. The clinical
findings are superimposable on those of the
sporadic form of hyperparathyroidism and very
often no specific symptoms are present. At vari-
ance with the sporadic form, multiple parathy-
roid hyperplasia or adenomatosis is most
commonly found [17,30]. Hyperparathyroidism
has only occasionally been reported in patients
with MEN2B [18].

About 50% of MEN2A and 40–45% of MEN2B
patients develop pheochromocytoma, which
shares the same characteristics in both syn-
dromes. Contrary to the sporadic form of
pheochromocytoma, the adrenal tumors of
MEN syndromes are usually bilateral and mul-
ticentric. However, the two adrenal glands are
rarely simultaneously involved and a mean
period of 10 years usually elapses between the
development of the tumor in the two glands.

The MEN2B syndrome is characterized by the
association with mucosal neuromas, which are
mainly located on the distal tongue and sub-
conjunctival areas, and ganglioneuromatosis
affecting the gastrointestinal tract. MEN2B
patients may be easily recognized on physical
examination by the typical marfanoid habitus
characterized by thin and inappropriately long
extremities and pectus excavatum [18,31–33].
Thick lips and eyelids are frequently observed
in the presence of mucosal neuromas, and are
usually clearly evident when eyes and mouth are
explored (Figure 21.3). Gastrointestinal disor-
ders due to the intestinal neuromas throughout
the intestinal tract, including obstructive symp-
toms, cramping and diarrhea, are frequently
observed in early childhood.

An association with cutaneous lichen amyloi-
dosis (CLA), a characteristically a pigmented
and itchy skin lesion specifically localized in the
interscapular region of the back (Figure 21.4),

Figure 21.3 Clinical features of MEN2B syndrome. A Characteristic mucosal neurinomas of subconjunctivas are apparent. B Charac-
teristic mucosal neurinomas of the distal part of the tongue are apparent. C Characteristic thick lips and marfanoid habitus. D Thick
lips and mucosal neurinomas.

A

B

D

C



258 Practical Management of Thyroid Cancer

has been reported in less than 10% of MEN2A
families [34,35]. The development of CLA may
precede the development of the medullary
thyroid carcinoma: thus, when present it is
almost invariably diagnostic of MEN2A and
may be considered a predictor of the syndrome.

Diagnosis
Thyroid ultrasonography, ultrasound-guided
fine-needle aspiration cytology, and measure-
ment of serum calcitonin levels (basal and after
injection of calcitonin-stimulating reagents,
e.g. pentagastrin) represent the most sensitive 
diagnostic tools for medullary thyroid carci-
noma. RET genetic analysis should always be
performed when the diagnosis of medullary
thyroid carcinoma has been established to
verify the sporadic or hereditary nature of the
thyroid malignancy.

Sporadic Form
Physical examination of the neck does not offer
any significant diagnostic elements. A palpable
single or multi nodular goiter is usually present.
A classical workup for thyroid nodular disease
is then performed. Thyroid ultrasonography
usually shows a hypoechoic nodule, sometimes
with microcalcifications; 131I and/or 99Tc thyroid
scintiscan reveals a cold nodule and the diag-
nosis is made by fine-needle aspiration cytology
and/or by elevated serum calcitonin levels.
Several studies have demonstrated that routine
measurement of serum calcitonin is the most
accurate diagnostic tool for the detection of
medullary thyroid carcinoma in patients with
thyroid nodules [36–42]. Subjects with elevated

basal serum calcitonin should be submitted to a
pentagastrin stimulation test (0.5mg/kg intra-
venously) to distinguish calcitonin secreted by 
a medullary thyroid carcinoma: a significant
increase in serum calcitonin is observed in
patients with medullary thyroid carcinoma
[43,44] but not in those with elevated basal
serum calcitonin deriving from other sources
(Table 21.2) or those due to artifacts [45–47].
Although the routine measurement of serum
calcitonin in all subjects with thyroid nodules is
still controversial [48,49], evidence has been
provided that this approach allows an early
diagnosis and treatment, thus significantly
improving the outcome of this potentially lethal
disease [50].

Taking into account the relevance of com-
pleteness of the first surgical treatment [51],
the suspicion or clinical diagnosis of medullary
thyroid carcinoma requires an accurate exami-
nation of the neck to plan the best surgical treat-
ment for the patient. A neck ultrasound should
be performed in order to identify suspicious
lymph nodes with metastatic lesions to be sub-
mitted to a fine-needle aspiration for cytologi-
cal examination or measurement of calcitonin
in the washout of the needle used.

Since at least 5–7% of apparently sporadic
medullary thyroid carcinoma are found to be
hereditary cases [20,21], a preoperative evalua-
tion of both the adrenal and parathyroid 
morphology and function should always be 
performed. The familial history should also 
be carefully reconsidered with particular regard
to the occurrence of pheochromocytoma and
hyperparathyroidism in other family members.

Measurement of the serum carcinoembry-
onic antigen (CEA) is also indicated in the pre-
operative phase because elevated levels are
strongly suggestive of advanced disease. Cases
with advanced local disease demonstrated by
neck ultrasound and associated with elevated

Table 21.2 Hypercalcitoninemia in conditions other than MTC

“Small cell” lung carcinoma
Various neuroendocrine tumors
Chronic renal failure
Pernicious anemia
Zollinger’s syndrome
Lymphocytic thyroiditis
Follicular and papillary thyroid microcarcinoma

Figure 21.4 Cutaneous lichen amyloidosis (CLA) in a patient
affected by MEN2A. The figure shows the characteristic location
in the interscapular regions.
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serum CEA levels should be studied by com-
puterized tomography (CT) to better evaluate
the relationship of the disease with the large
veins, trachea, and esophagus and plan the most
appropriate surgical treatment [52–54].

Hereditary Forms
The hereditary nature of the tumor may be sus-
pected on the basis of a positive family history
(other members already affected), or the associ-
ation with other endocrine neoplasia (pheo-
chromocytoma and/or parathyroid adenomas)
or other disorders (neuromas, marfanoid fea-
tures, CLA). The evaluation of thyroid nodule in
the hereditary form is performed in the same
way as that recommended for sporadic cases,
while the hereditary forms require mandatory
simultaneous examination of adrenal and
parathyroid glands.

With the exception of a few examples 
[55,56], the development and the diagnosis of
pheochromocytoma usually follows the devel-
opment and the diagnosis of medullary thyroid
carcinoma. Symptoms of pheochromocytoma
are not specific and may be confused with those
caused by anxiety. Hypertension is very rare,
especially at the beginning of the disease. An
elevated value of the daily urinary excretion of
epinephrine is observed as the first alteration 
of catecholamine production. Norepinephrine
usually increases only later in the course of the
disease; thus the earliest biochemical abnor-
mality is an elevated ratio of epinephrine to 
norepinephrine [57,58]. It has recently been
demonstrated that the measurement of plasma
metanephrines, the o-methylated metabolites 
of catecholamines, offer great advantages for 
an early diagnosis of pheochromocytoma 
over standard measurements of plasmatic cate-
cholamines. Tests for plasma metanephrines are
more specific and sensitive than those for cate-
cholamines: while normal plasma concentra-
tions of metanephrines exclude the diagnosis of
pheochromocytoma, normal plasma concentra-
tions of catecholamines do not [59,60]. Once the
biochemical suspicion of a pheochromocytoma
has arisen, an abdomen ultrasound with or
without computerized tomography (CT) and/or
magnetic resonance imaging (MRI) may be
useful for the localization of the adrenal mass
[61,62]. If there is no demonstrable adrenal
mass by CT or MRI scanning, 131I metaiodoben-

zylguanidine, a catecholamine analogue actively
concentrated by chromaffin tissue, can be used
to investigate the presence of an extra-adrenal
tumor [63].

Parathyroid glands may also be involved in
MEN2A. Both adenomas and hyperplasia may
be associated with an increase of the parathy-
roid hormone secretion, resulting in hypercal-
cemia and hypercalciuria in more advanced
cases [64]. The earliest serum abnormality
detected is a moderately elevated level of serum
parathyroid hormone with normal–high levels
of calcemia. In doubtful cases, a calcium infu-
sion test that is unable to suppress the parathy-
roid hormone secretion will be helpful for the
diagnosis [65].

RET genetic analysis is fundamental for the
early discovery of gene carriers who have to be
submitted to a clinical evaluation as soon as the
mutation has been revealed in their constitutive
DNA. Thyroid ultrasound and a serum calci-
tonin measurement should be performed in
gene carriers. If both of them are negative a pen-
tagastrin stimulation test is usually required.
Therapeutic strategies and follow-up protocols
will be adjusted according to the guidelines for
the diagnosis and treatment of the multiple
endocrine neoplasia as reported below [29].

Follow-up and Diagnosis of
Persistent Disease
After the initial therapy has been performed,
serum basal and pentagastrin-stimulated calci-
tonin should be measured to verify the com-
pleteness of the treatment. The first control after
surgery should be done 3 months after the sur-
gical treatment, including physical examination,
neck ultrasound and measurement of serum
free triiodothyronine (FT3), free thyroxine
(FT4), thyroid-stimulating hormone (TSH),
calcitonin, and CEA. Measurement of FT3,
FT4, and TSH are requested for monitoring 
the levothyroxine (L-T4) replacement therapy.
Serum calcitonin and CEA measurement and
neck ultrasound are necessary for follow-up of
the medullary thyroid disease. Due to the pro-
longed half-lives, if performed too early, meas-
urement of serum calcitonin may be misleading,
especially if a high serum concentration was
present preoperatively [66] (Figure 21.5). If
basal calcitonin is undetectable, a pentagastrin
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stimulation test is recommended. Patients 
with a negative pentagastrin stimulation test
should be reevaluated one year later. A large
series of patients with prolonged follow-up has
shown that 3.3% of patients with one postoper-
ative negative pentagastrin tests subsequently
become positive [67]. Two negative pentagastrin
tests on two follow-up evaluations strongly
suggest that the patient is disease-free. Thus,
basal serum calcitonin measurement on an
annual basis is recommended, while the penta-
gastrin stimulation test may be performed at
longer intervals (e.g. every 5 years). In patients
with undetectable levels of serum calcitonin,
measurement of CEA is not necessary.

Frequently basal and/or pentagastrin-
stimulated serum calcitonin is persistently 
elevated after initial surgery. Because serum 
calcitonin is a very sensitive and specific tumor
marker, the finding of detectable serum levels of
basal or stimulated calcitonin is an indication of
persistent disease. In patients with persistent
disease, serum CEA concentration should be
monitored because both high and increasing
levels are strongly suggestive of a progressive
disease [68,69]. In the majority of cases, the
challenge is to find the source of production of
calcitonin and CEA. An accurate neck ultra-
sound is the first localization technique to be
performed due to the high frequency of local
recurrence and cervical node metastases.A total

body CT scan and bone scintigraphy are also
suggested in the workup of a patient with
detectable values of serum calcitonin. Other
imaging techniques such as Octreoscan, 123I-
MIBG, and positron emission tomography
(PET) may be useful although at present they do
not appear to be particularly sensitive, espe-
cially in the presence of micrometastases
[70–73]. The most accurate technique for the
localization of occult metastases is probably the
measurement of serum calcitonin after selective
venous sampling catheterization: the presence
of a gradient in the neck, in the mediastinum 
or in the suprahepatic veins suggests the pres-
ence of metastatic disease in the area where 
the higher levels of serum calcitonin have 
been found. It should be taken into account 
that this method is rather invasive and does 
not significantly improve the rate of cure
[74–76].

About 50% of patients not cured at surgery
have no evidence of metastatic disease when
studied with the traditional imaging techniques
(CT, MRI, PET). In this condition of “biochemi-
cal disease,” characterized by the persistence of
detectable levels of basal and/or pentagastrin-
stimulated serum calcitonin but without evi-
dence of metastatic lesions, the most widely
accepted therapeutic strategy is that of “wait
and see.” A detectable serum calcitonin level is
in fact compatible with long-term survival,
during which calcitonin may remain stable with
time or slowly increase. These patients are peri-
odically monitored at intervals of 6 months to 1
year (Figure 21.6).

HOURS

1/2

B

A

Figure 21.5 Disappearance rate of serum calcitonin (CT) after
total thyroidectomy in two patients affected by MTC (A and B):
two different half-lives of 3 and 30 hours respectively have been
observed in both patients. (Modified from Fugazzola et al. [66].)

Figure 21.6 Flow chart for the management of patients with
detectable serum levels of calcitonin after total thyroidectomy.
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Diagnostic Tools
Fine-Needle Aspiration 
Cytology (FNAC)
Fine-needle aspiration is performed according
to the standard procedure. In a typical cytolog-
ical smear of a medullary thyroid carcinoma,
cells are usually isolated, with shape varying
from oval to round, large polygonal or spindled.
Cytoplasm may be abundant or scanty and
usually contains acidophilic granulation visible
with specific stains (May–Grünwald–Giemsa).
Nuclei, of which there are two or even more, are
preferentially round and eccentrically localized
(Figure 21.7). Amyloid is frequently detectable
as clumps of amorphous material, and revealed
by Congo red staining [77,78]. Immunocyto-
chemistry for calcitonin and/or chromogranin
should be performed if a diagnostic uncertainty
is present [79,80]. Although the cytological
pattern of medullary thyroid carcinoma is gen-
erally typical, there are several series that show
a high percentage of failure in making a presur-
gical diagnosis [81,36–38]. Among other expla-
nations, negative results might be due to the fact
that medullary thyroid carcinoma could be
present in one nodule not submitted to FNAC,
especially when multinodular goiter is the clin-
ical diagnosis. In this condition, serum calci-
tonin measurement is more reliable, since it is

elevated even in the presence of microfoci of
medullary thyroid carcinoma [36,39].

Serum Basal and Stimulated
Calcitonin
Calcitonin is the most specific and sensitive
medullary thyroid tumor marker, both before
and after thyroidectomy [2,82,83]. It is a small
polypeptide hormone of 32 amino acids nor-
mally produced almost exclusively by C cells.
The gene encoding for calcitonin is located on
chromosome 11p and yields two distinct mes-
senger RNAs (mRNA) by alternative splicing:
calcitonin and calcitonin gene-related peptide
(CGRP) [84,85]. Calcitonin mRNA is found
almost exclusively in the thyroid and CGRP
mRNA in the nervous system. However, aber-
rant expression of CGRP may be observed in
medullary thyroid carcinoma [86–88].

Release and secretion of calcitonin is 
mainly regulated by extracellular calcium 
concentration [89]. Other substances, such as
pentagastrin, b-adrenergic agonists, growth
hormone-releasing hormone and other gas-
trointestinal peptides [90–92], can stimulate cal-
citonin release from C cells.

The physiological role of calcitonin is still not
well defined. It binds specifically to the osteo-
clasts and inhibits bone resorption in this site
[93]. Experimental data obtained from mice

A B

Figure 21.7 Cytological appearance of MTC. A Cells with abundant cytoplasm are visible; arrow indicates one cell with two nuclei,
eccentrically localized (Papanicolaou staining, ¥500). B Positive cytoplasmic staining for calcitonin confirms the suspicion of
medullary carcinoma (immunocytochemistry for calcitonin,¥630). (Kindly provided by Dr G. Di Coscio, Department of Pathology, Uni-
versity of Pisa, Italy.)
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homozygous null for the calcitonin gene have
demonstrated a significant increase in bone for-
mation at 1 and 3 months of age [94]. However,
in normal adult human subjects even quite large
doses of calcitonin have little effect on serum
calcium levels. It is only in subjects with an
increased bone turnover that calcitonin treat-
ment acutely inhibits bone resorption and
lowers the serum calcium [95]. Recently, evi-
dence has been reported suggesting that the
actions of calcitonin may not be limited to bone.
Calcitonin receptors have also been identified in
the central nervous system, testes, skeletal
muscle, lymphocytes, and the placenta [96].

Ten years after the recognition of medullary
thyroid carcinoma as a distinct histological type
of thyroid carcinoma [1], high levels of calci-
tonin were demonstrated to be present both in
the tumoral tissue and serum of patients with
medullary thyroid carcinoma [2]. Elevated basal
levels of serum calcitonin are diagnostic of
medullary thyroid carcinoma. However, there
are several other conditions, both physiological
and pathological, in which basal levels of serum
calcitonin may be found to be elevated and a dif-
ferential diagnosis may be indicated [45,97–
101]. Since the release of calcitonin in these 
diseases does not appear to be regulated by the
same factors that stimulate calcitonin release in
the C cells, differential diagnosis can be per-
formed by either the calcium (2 mg/kg) or 
pentagastrin (0.5 mg/kg intravenously) rapid
stimulation test [102]. While in patients with
medullary thyroid carcinoma and elevated basal
levels of calcitonin, the pentagastrin stimulation
determines a 5–10-fold increase in serum levels
of calcitonin, in other diseases the calcitonin
increase is limited or absent. In patients with an
endocrine tumor of another origin, an increase
may be observed but is not usually greater than
twofold [43,102].

Routine measurement of serum calcitonin in
nodular thyroid diseases allows the preopera-
tive diagnosis of unsuspected sporadic medul-
lary thyroid carcinoma [36–42]. Calcitonin
screening determines the early diagnosis of
medullary thyroid carcinoma, usually when the
tumor is still at stage I, thus favoring success-
ful surgical treatment. A comparison of the
outcome of two groups of patients, one diag-
nosed by serum calcitonin screening and the
other by cytology or histology, has demon-

strated a significantly better prognosis in the
first group [50] (Figure 21.8).

It is worth noting that calcitonin precursors
(pre- and pro-calcitonin) and post-translational
deriving peptides (katacalcin and N-terminal
peptide) are also present in the blood and may
interfere in the measurement of serum calci-
tonin. Artifactual recognition of larger calci-
tonin precursors is commonly observed with
one-site radioimmunoassay. This problem
seems to be overcome by the most recent gen-
eration of calcitonin two-site immunoradiomet-
ric assays (IRMA) that are able to specifically
recognize the mature molecule of calcitonin
[103]. Artifacts may be also determined by the
presence of heterophilic antibodies in the blood
of patients, which can interfere with the assay,
thus producing false-positive results [47]. The
absence of a significant increase in the serum
calcitonin levels after pentagastrin or calcium
stimulation test strongly suggests the artifactual
nature of these false-positive values.

As an additional tool for the diagnosis of
medullary thyroid carcinoma, calcitonin meas-
urement in the washout of the needle used for
the puncture of a suspected thyroid nodule may
be useful. This approach is of particular diag-
nostic utility to ascertain the nature of neck
lymph nodes, especially before thyroidectomy,
to plan the surgical approach or the most appro-
priate therapeutic strategies.
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Figure 21.8 Significant difference in survival rate between
patients with MTC diagnosed by serum calcitonin screening
(dashed line) and those with MTC diagnosed at surgery and/or
by preoperative cytology (solid line). (Modified from Elisei at al.
[50].)
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Other Secretory Products
Although calcitonin is the most reliable tumor
marker due to its high sensitivity and specificity,
there are some other proteins that may be
released by the malignant transformed C cell.

Serum CEA is usually elevated when the
disease is diffuse and distant metastases are
present [68,69]. Unlike calcitonin, CEA does not
show any response to the pentagastrin stimulus.
It is most useful in monitoring the progression
of the disease since its level increases when the
disease becomes rapidly progressive.

Serum chromogranin may also be elevated in
patients with medullary thyroid carcinoma. It is
not specific since elevated values have been
reported in patients with neither clinical nor
biochemical evidence of a primary medullary
thyroid carcinoma [104].

As in many other neuroendocrine tumors,
somatostatin, gastrin-releasing peptide, vasoac-
tive intestinal peptide, neuron-specific enolase,
and other neuroendocrine substances may be
produced abnormally but none of these pep-
tides are useful for diagnosis [105–107].

Some of the products of medullary thyroid
carcinoma may result in significant clinical
manifestations: not just CGRP, but also vasoac-
tive intestinal peptide, serotonin and prostag-

landins, may all contribute to the flushing and
diarrhea syndrome [108,109].

Histology
Normal C Cells

The parafollicular C cells represent about 1% of
all thyroid cells and are located at the basal layer
of the follicle (Figure 21.9). At variance with
thyroid follicular cells, which derive from endo-
derm, C cells originate from the neural crest and
migrate to the final location along with the ulti-
mobranchial body, during embryonic develop-
ment [110,111]. Although C cells have several
features that differentiate them from follicular
epithelium, there is evidence to suggest the pos-
sible origin of the follicular and parafollicular 
C cells from a common ancestral cell. Critical
neurotrophic growth factors, including glial-
derived neurotrophic factor (GDNF), which is a
natural ligand of RET receptor, as well as nerve
growth factor (NGF) and other neurotrophins,
seem to play a central role in promoting the dif-
ferentiation of cells deriving from the neural
crest [112].

There are specific features that make the C
cell a separate entity from a follicular cell: (a)
the peculiar distribution in the thyroid gland,
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Figure 21.9 Schematic representation (A) and immunohistochemistry for calcitonin showing normal parafollicular C cells in normal
thyroid tissue (B,¥100): the parafollicular C cells are located at the basal layer of the follicle.



264 Practical Management of Thyroid Cancer

which is prevalent at the junction of the upper
third and the lower two thirds and along the
central vertical axis of each thyroid lobe; (b) 
the growth and functional independence from
TSH, as well as the inability to take up iodine;
and (c) the production and secretion of calci-
tonin, a biogenic amine, which is almost exclu-
sively produced by both normal and malignant
C cells.

C-Cell Hyperplasia

The definition of C-cell hyperplasia has
changed over the years, especially after the
introduction of RET genetic screening and the
histological examination of apparently normal
thyroid glands of mutated gene carriers that
usually show an increased number of C cells.
Studies of both human normal thyroid and 
thyroids affected by lymphocytic thyroiditis
have demonstrated that one can see up to 50 C
cells per 1 and 3 low power fields respectively,
without correlation with any pathological status
[98,113]. According to these findings, this is at
present the most widely accepted definition of

C-cell hyperplasia, even though this criterion
may be not respected in the presence of cyto-
logically evident atypia [114].

According to the number and the distribution
of C cells either a diffuse, focal, or nodular C-cell
hyperplasia can be distinguished (Figure 21.10).
It is likely that they represent progressive stages
through which the normal C cell is transformed
into a tumoral cell. While there is general agree-
ment in considering C-cell hyperplasia the 
preneoplastic lesion of the hereditary form of
medullary thyroid carcinoma, little is known
about the relationship between C-cell hyperpla-
sia and the sporadic form. Nevertheless, about
30% of sporadic medullary thyroid carcinoma is
associated with C-cell hyperplasia [115].

Several authors would like to distinguish two
types of C-cell hyperplasia: primary or neoplas-
tic C-cell hyperplasia, which is related to the
hereditary form of medullary thyroid carci-
noma, and secondary or non-neoplastic C-
cell hyperplasia, which may be observed in 
other thyroid diseases (thyroiditis and follicular
or papillary microcarcinoma) and in about 
20% of normal subjects [116,117]. However, the
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Figure 21.10 Different stages in the development of hereditary MTC.A Normal parafollicular C cells; B slight C-cell hyperplasia (CCH);
C diffuse CCH; D focal CCH; E nodular CCH; F MTC. Immunohistochemistry for calcitonin (Ventana Medical System antibody, 1 : 100;
¥100). (Kindly provided by Professor F. Basolo, Department of Pathology, University of Pisa, Italy.)
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pathological definition and clinical significance
of secondary C-cell hyperplasia remains unclear.

Medullary Thyroid Carcinoma

Under macroscopic examination, medullary
thyroid carcinoma shows a hard and firm con-
sistency and is either chalky white or red in
color on cross-section. Histologically, medullary
thyroid carcinoma is pleomorphic with spindle-
shaped or rounded cells characteristically
organized in a nested pattern. Mitoses are not
very frequent, nuclei are usually uniform, and
the eosinophilic cytoplasm is characterized by
the presence of secretory granules. Deposits of
amyloid substance are frequently (60–80%)
observed between tumoral cells [118].

Sometimes there is difficulty distinguishing
medullary thyroid carcinoma from anaplastic
carcinoma, Hürthle cell carcinoma or insular
carcinoma, especially if pseudopapillary ele-
ments or giants cells are present. Positive
immunohistochemistry for calcitonin is diag-
nostic of medullary thyroid carcinoma. Immu-
nohistochemistry for chromogranin A and 
carcinoembryonic antigen may also be useful
[115] (Figure 21.11).

Histopathological description of medullary
thyroid carcinoma must include the number
and the distribution of tumoral foci as well as
the simultaneous presence of C-cell hyperplasia.
This information is of practical usefulness
because bilaterality, multicentricity, and C-cell
hyperplasia are considered the histological hall-
marks of the hereditary forms [22].

A mixed form of medullary thyroid carci-
noma is also described [119]. It is characterized
by the simultaneous presence of parafolli-
cular and follicular cell features, with positive
immunohistochemistry for both calcitonin and
thyroglobulin. In this regard, it is worth noting
that the association of medullary and papillary
thyroid carcinoma in the same thyroid gland
seems to be quite frequent [120,121]. Molecular
studies have shown that genes theoretically
specific for the parafollicular C cells (i.e. normal
RET gene) are expressed in papillary thyroid
carcinoma and that genes theoretically specific
for follicular cells (e.g. thyroglobulin, TSH
receptor, thyroid transcription factor 1) are
expressed in medullary thyroid carcinoma
[122–124]. Despite all these observations, it is
still controversial whether the mixed medullary
thyroid carcinoma is a real separate histological
entity, originating from an ancestral stem 
cell able to differentiate as both follicular 
and parafollicular cell, or the consequence of
the collision of two distinct tumors, medullary
and papillary, originating in the same thyroid
gland.

RET Genetic Analysis
RET mutation analysis represents one of the
most useful genetic screening tests in clinical
practice. The mutation is inherited as an auto-
somal dominant trait: since the penetrance of
RET mutations is near 100%, all gene heterozy-
gous carriers will develop medullary thyroid

A B C
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Figure 21.11 Medullary thyroid carcinoma (MTC) and normal adjacent thyroid tissue (NT). A Immunohistochemistry for calcitonin.
B Immunohistochemistry for chromogranin. C Immunohistochemistry for thyroglobulin. Both calcitonin and chromogranin, but not
thyroglobulin, are positive in MTC. A positive immunostaining for thyroglobulin is present in NT (¥100,Ventana Medical System anti-
bodies). (Kindly provided by Professor F. Basolo, Department of Pathology, University of Pisa, Italy.)
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carcinoma, which is lethal in almost 50% of
cases if not adequately treated. The genotype–
phenotype correlation has been well demon-
strated by the analysis of 477 MEN2 families
studied by the International RET Consortium:
no evidence of false-positive RET mutation was
described and all patients who underwent thy-
roidectomy on the basis of the genetic screen-
ing were found to have medullary thyroid
cancer [27]. Recently, a new mutation at codon
883 in exon 15 has been reported to result in the
development of medullary thyroid carcinoma
only in the homozygous condition [125].

Screening for RET gene mutations allows the
early discovery of gene carriers, who can be
treated with precocious and even prophylactic
thyroidectomy, which may provide a definitive
cure of this potentially lethal thyroid disease
[126].

RET Gene

The RET proto-oncogene is a 21 exon gene that
lies on chromosome 10q11-2 and encodes for a
tyrosine kinase transmembrane receptor. The
receptor is composed of an extracellular domain
(EC), with a distal cadherin-like region and a
juxta-membrane cystine-rich region, a trans-
membrane domain and an intracellular domain
with tryosine kinase activity (TK) (Figure
21.12). RET is expressed in a variety of neuronal
cell lineages including thyroid C cells and
adrenal medulla. Recently data indicate that

RET gene expression may also occur in follicu-
lar thyroid cells [122]. In physiological condi-
tions, the activation of RET protein is secondary
to its dimerization due to the interaction with
one of its ligands. Four different ligands have so
far been recognized: GDNF, neurturin (NTN),
persepin (PNS), and artemin (ART). The inter-
action is mediated by a ligand specific co-
receptor (e.g. the GFRa-1 is the co-receptor for
the GDNF). The dimerization of RET protein
induces autophosphorylation of the TK domain
and the activation of downstream signaling
pathways [127].

In 1987 genetic linkage analysis localized
MEN2 to the centromeric region of chromo-
some 10 [128,129]. In 1993 two independent
groups reported that activating germline point
mutations of the RET proto-oncogene are
causative events in MEN2A and in FMTC [8,9]
(Figure 21.13). One year later, MEN2B was also
associated with germline RET proto-oncogene
mutations [130]. Since then, a large number of
publications have addressed the relationship
between RET mutations and the clinical pheno-
type of MEN2 patients and the clinical implica-
tion of screening MEN2 family members for
RET gene mutations.

About 98% of MEN2A cases are associated
with RET mutations in the cystine-rich extra-
cellular domain, in particular in codons 609,
611, 618, 620, and 634 of exons 10 and 11. Muta-
tions at codon 634 of exon 11 (mainly TGC to
CGC) are the most common, accounting for 85%
of MEN2A cases [27–29,131]. Interestingly,
mutation of cystine 634 significantly correlates
with the presence of pheochromocytoma and
parathyroid adenomas (Table 21.3).

A specific mutation in exon 16, at codon 918
(ATG to ACG) is almost invariably associated
with MEN2B. The substitution of methionine
with threonine causes alterations in the sub-
strate recognition pocket of the catalytic probe
determining the activation of the intra-signaling
pathways. Other rare mutations of the intracel-
lular domain have been reported in codon 883 of
exon 15 [132]. A double RET mutation at codon
804 and 904 has also been described [133]. The
Met918Thr mutation is associated with a very
aggressive MTC that usually develops during
childhood, often only a few years after birth.

In FMTC, the mutations are widely distrib-
uted among the five cystine codons 609, 611,
618, 620, and 634 but also in other non-cystine
codons, such as codon 804 in exon 14, 891 in

Figure 21.12 Schematic representation of RET tyrosine kinase
receptor. The interaction with the ligand and corresponding 
co-receptor induces the dimerization and phosphorylation of
the receptor, resulting in the activation of the intracellular sig-
naling pathway.
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exon 15 and others (Figure 21.14). A different
biological behavior, characterized by a lower
aggressiveness and an older mean age at diag-
nosis, has been described for FMTC associated
with mutations in non cystine codons with

respect to both MEN2A and FMTC with muta-
tions in cystine codons [28].

In about 4–10% of MEN2A or FMTC patients
and in about 95% of those with MEN2B, the
germline RET mutation is a “de novo” mutation,
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Figure 21.13 Schematic representation of RET gene with the location of all known mutated codons in the three main regions of the
gene and the relationship with the MEN syndromes.

Table 21.3 Correlation between phenotype and RET gene mutations

Most frequently
involved codonsa

609 611 618 620 634 768 804 918

MEN2A
MEN2A (1) (MTC + 6% 2% 92%

pheochromocytoma +
hyperparathyroidism)

MEN2A (2) (MTC + 3% 4% 13% 80%
pheochromocytoma)

MEN2A (3) (MTC + 8% 15% 8% 69%
hyperparathyroidism)

MEN2B 97%
FMTC 7% 3% 33% 17% 30% 3%
Sporadic FMTC 95%

a As a percentage of patients with somatic RET gene mutations.
b Somatic mutations detectable in about 40% of sporadic MTC.
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as demonstrated by the negative finding of the
RET genetic analysis in the patients’ parents. In
these cases the mutation is usually located in the
allele inherited from the patient’s father [134].

Somatic RET mutations are found in about
40% of sporadic cases of MTC mainly consist-
ing of a Met918Thr mutation in exon 16, which
is the same mutation also occurring in MEN2B
(Figure 21.15). Other RET somatic mutations
and also some small deletions have been
reported in other codons [135]. Several studies
indicate that MTC patients with somatic RET
mutations have a poorer prognosis than those
with no evidence of RET mutation [136].

Several RET gene polymorphisms have been
found both in MTC affected patients and in
normal subjects. It is still controversial whether
some of these polymorphisms have a higher
prevalence in MTC with respect to normal indi-
viduals and if they play any role in the develop-
ment of MTC [137–139].

Screening for RET Gene Mutations in MEN2
Family Members

The recognition of the role of RET mutation in
MEN2 provided a reliable method to screen
family members of an affected proband carry-
ing a germline mutation. From a practical point
of view, once the germline RET mutation of the
index case has been recognized, blood is taken
from all first degree family members. Informed
consent and adequate genetic counseling are
requested. This allows the identification of “gene
carriers” at the time they are still clinically unaf-
fected or at an early stage of the disease. It also
has the advantage of excluding “non gene carri-
ers” from further testing for the rest of their 
life. Although the presence of a germline RET
mutation is diagnostic of MEN2 syndrome,
gene carriers must be submitted to further 
clinical and biochemical evaluations to ascer-
tain the actual development of the MTC and its
extension, if already present. The involvement 
of other endocrine organs must also be 
assessed [29,140].
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Screening for RET Gene Mutations in
Apparently Sporadic Cases

All patients with MTC, independently from their
apparent sporadic origin, should be submitted
to genetic screening of the RET gene by analyz-
ing their constitutional DNA derived from
blood and, whenever possible, also from
tumoral tissue. It is well known that from 5% to
10% of apparently sporadic MTC cases are
found to harbor a germline RET mutation being
“de novo” or misdiagnosed familial cases. This
finding is of great relevance for the early dis-
covery of the other gene carriers in the family
who are unaware of their condition.

In sporadic MTC cases, RET gene analysis
should be in any case performed also in the
tumoral tissue, collected at surgery and kept at
-80°C or in the paraffin-embedded tumoral
tissue. There are at least three main reasons to
justify this procedure: (a) the discovery of a
somatic mutation, which usually occurs in 45%
of cases, strongly supports the sporadic nature
of the tumor; (b) the prognostic value of the
presence/absence of the somatic mutation; (c)
the future possibility for RET mutated patients
to be treated with drugs specifically aimed at
inhibiting the altered RET gene.

Therapy
Initial Treatment
An early diagnosis and complete surgical treat-
ment are the bases for a definitive cure of
patients affected by medullary thyroid carci-
noma (Figure 21.16). The minimal standard
procedure is total (or near-total) thyroidectomy
with central neck lymph node dissection, in
both sporadic and familial forms. The need for
total thyroidectomy is supported by the multi-
centricity and bilaterality of the medullary
thyroid carcinoma that occurs in about 100% of
the hereditary form and 30% of sporadic form
[22]. Furthermore, C-cell hyperplasia, which is
considered a preneoplastic lesion, is almost
invariably associated with the hereditary form
of medullary thyroid carcinoma and, to a lesser
extent, with the sporadic form [24]. An addi-
tional reason in favor of total thyroidectomy is
the fact that, as mentioned above, 5–7% of
apparently sporadic cases are in fact hereditary

forms, which almost invariably have bilateral
disease [20,21].

Central node dissection, from the hyoid bone
to the innominate veins, is mandatory during
the initial operation. This node compartment is
in fact the primary lymphatic drainage of the
thyroid and 50–60% of medullary thyroid carci-
nomas show node metastases in this area at the
time of presentation [51,141]. The removal of
the central compartment also has a prophylac-
tic significance and must be performed inde-
pendently of the size of the primary tumor and
the presurgical evidence of lymph node involve-
ment. This surgical approach is also suggested
in RET gene carriers without clinical evidence
of the disease, which can be completely cured by
surgical treatment. It is still controversial as to
whether the central node dissection has to be
performed in child gene carriers without clini-
cal and biochemical (undetectable levels of
basal and stimulated calcitonin) evidence of
disease [142–144].

Whenever a presurgical clinical diagnosis of
node metastases is achieved, the surgical dis-
section of the corresponding lateral node com-
partment should be included. It is still debated
whether a modified radical neck dissection with
removal of nodes in the ipsilateral or bilateral
compartment should be performed in any case.
Since unilateral or bilateral cervical nodal
metastases occur in up to 90% of patients with
medullary thyroid carcinoma, especially when
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Figure 21.16 Different survival rates of patients affected by
MTC according to the tumor extension at the time of the diag-
nosis: The best prognosis is observed in patients with MTC at
stage I. (Modified from Gharib et al. [15].)
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the primary tumor is palpable [39,55], several
authors strongly suggest an “en bloc” dissection
of both central and bilateral neck compart-
ments together with the thyroid gland [145].
This is of great clinical significance because the
adequacy of the initial surgical treatment is a
prerequisite for the effective cure of the MTC,
thus the choice of the most appropriate initial
procedure is fundamental. In this regard it is
worth considering that radical neck dissection
may result in significant morbidity and has not
been clearly shown to improve the prognosis of
the disease, which in fact is dependent on
several other factors such as the local extent of
the disease at the time of diagnosis, the presence
or absence of other endocrine neoplasia, and,
the presence of cervical lymph node metastases.
Patients who are cured by the initial treatment
are usually those with a lower stage of disease,
with no involvement of lateral nodes in the
neck. Several reports indicate that when lateral
node metastases are present at diagnosis,
achievement of a definitive cure with the initial
treatment is uncommon regardless of the extent
of the surgical procedure [67,146,147].

C cells are not able to actively concentrate
radioiodine and, as consequence, 131I radioactive
ablation is not useful in medullary thyroid car-
cinoma. There are only a few anecdotal reports
indicating a beneficial effect of 131I treatment of
the postsurgical remnant presumably due to
death of C cells adjacent to follicular cells as
consequence of a bystander effect [148,149].

In patients with a locally aggressive disease
not completely removed by the primary resec-
tion, surgical treatment should be followed by
external-beam radiotherapy as adjuvant treat-
ment. Although bulky medullary thyroid carci-
noma deposits are consistently resistant to
external radiotherapy, there is evidence of a
potential benefit from radiotherapy in terms of
a lower risk (from two- to fourfold) of local
recurrence in patients with residual disease
[150,151]. This procedure should be reserved for
patients who have undergone complete central
compartment and lateral neck dissection and
postponed to a second surgical treatment in
those who have been approached with a less
aggressive primary resection. Radiation therapy
after thyroidectomy and node dissection is not
generally recommended on a prophylactic basis
but it is worth mentioning that there is some
evidence that external beam radiation in
patients with residual malignant disease after

surgery may increase the 5-year survival rate
from 60% to 95% [152].

Hormone replacement therapy with L-
thyroxine (L-T4) should be started immediately
after thyroidectomy. Unlike papillary and follic-
ular thyroid tumors, medullary carcinoma is not
dependent on TSH for both growth and func-
tion, thus there is no need to treat patients with
L-T4 suppressive therapy: the daily dose should
be tailored by measuring serum FT3, FT4, and
TSH aiming to keep their values within the
normal range. Unilateral or bilateral adrenalec-
tomy must be performed before total thyroidec-
tomy, when a pheochromocytoma has been
documented, because of the risk of a life-
threatening hypertensive crisis during the
induction of anesthesia for the neck surgical
treatment. Preoperative screening for pheochro-
mocytoma should be conducted in all patients
with a diagnosis of medullary thyroid carci-
noma since the patient may be an index case of
a familial form, presented as apparently spo-
radic. Although pheochromocytoma is usually
bilateral, a 10-year interval is the mean period
between the first and the contralateral adrenal
mass appearance. Different approaches to the
management of adrenal medullary disease are
suggested when only one adrenal gland is
involved at the time of the diagnosis. Bilateral
adrenalectomy in principle eliminates the need
for a second intervention later in the patient’s
life, but implies the risk associated with the cor-
ticosteroid deficiency. Since a laparoscopic sur-
gical approach has been introduced [153], the
preferred strategy is to remove only the affected
adrenal gland and periodically monitor the
morphology and function of the other adrenal
gland. Whatever the final decision, all patients
to be submitted to adrenalectomy should be
treated preoperatively with pharmacological a-
and b-adrenergic antagonists [154,155].

Grossly enlarged parathyroid glands should
be resected during the first operation for
patients with hereditary forms of medullary
thyroid carcinoma and documented clinical
hyperparathyroidism. An intraoperative serum
parathyroid hormone measurement is recom-
mended to ensure the precise and total removal
of the affected gland(s). This procedure is 
of practical importance especially when 
the macroscopic appearance of the removed
parathyroid is not indicative of the presence of
adenoma, suggesting the presence of multiple
adenomatosis or diffuse hyperplasia [156]. In
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some centers normal or hyperplastic parathy-
roid glands of patients with hereditary forms
are always removed, even in the presence of
normal serum parathyroid hormone levels.
They are appropriately marked, for making
their localization easier whenever it might be
necessary, and totally or partially implanted in
a muscle [157]. It is worth noting that an agg-
ressive management of normal parathyroid 
glands is associated with a higher incidence of
hypoparathyroidism. In this regard, a greater
concern is represented by young RET gene 
carriers who, if rendered hypoparathyroid,
would be exposed to the need for calcium and
vitamin D supplementation for the rest of their
lives.

Gene Carrier Treatment
Once a gene carrier has been diagnosed by
genetic analysis, the therapeutic strategy should
be defined according to the guidelines for the
diagnosis and treatment of multiple endocrine
neoplasia [29], which take into account the dif-
ferent biological behavior of the medullary
thyroid carcinoma in the three forms of multi-
ple endocrine neoplasia. In MEN2B total thy-
roidectomy should be performed as soon as
possible, even under 2 years of age if the diag-
nosis is available. In MEN2A, total thyroidec-
tomy should be performed at 10 years of age or
less if the pentagastrin stimulation test for cal-
citonin is positive. In FMTC, yearly based
follow-up should be performed with a penta-
gastrin stimulation test and thyroid surgical
treatment is indicated at the first positive test.

Parathyroid and adrenal gland morphology
and function must be assessed and an adequate
treatment should be performed if needed. If no
abnormalities of these glands are found at the
time of diagnosis, their morphology and func-
tion should be monitored annually because
both hyperparathyroidism and pheochromocy-
toma may show up later in life.

Further Treatments
When patients are not cured by the primary sur-
gical treatment, other therapeutic procedures
are indicated according to the localization and
the number of lesions. In planning a therapeu-
tic strategy it should be taken into account that
most distant metastases found during follow-up

are small at the time of their recognition and
that their growth is usually very slow. These
lesions are compatible with a long period of
good quality of life. In these cases, an aggressive
therapeutic approach may not be indicated,
unless an evident rapidly progressive disease is
demonstrated.

Local Recurrence and Regional Lymph 
Node Metastases

In the first years following surgical treatment
the regional lymph nodes of the neck and medi-
astinum are most frequently responsible for
persistent disease. A second surgical treatment
with a curative intent is recommended only for
minimal residual disease. To this purpose an
extensive modified neck dissection involving
microdissection of all node-bearing compart-
ments from the clavicle to the skull is recom-
mended [158]. Unfortunately, less than 30% of
patients affected by MTC with extrathyroidal
invasion can be cured by a second surgical treat-
ment [159,160]. Capsular invasion and more
than 10 lymph node metastases [145] in the
primary surgical specimens are significant pre-
dictors of poor response to reoperation. In the
clinical management of patients with MTC the
identification of those who might benefit from
this treatment is of great practical importance
to avoid false expectation.

If a reasonable prospect of a definitive cure is
not foreseen, a second surgical treatment should
only be performed for symptomatic lesions or
when their growth may cause significant mor-
bidity as may happen for lymph nodes of the
mediastinum adjacent to the great vessels, tra-
cheoesophageal groove, carotid sheath, and
brachial plexus. A second operation with pallia-
tive intent may be strongly indicated in patients
with compressive symptoms who can benefit
from a surgical debulking. Local external radio-
therapy may be indicated in these advanced 
situations.

Distant Metastases

Surgical treatment of distant metastases is not
indicated, except for those lesions whose growth
may compromise some vital functions. Surgical
debulking of vertebral metastases that could
impair spinal cord function is an example of a
non-curative but appropriate procedure.
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Chemotherapy for advanced, metastatic
medullary thyroid carcinoma has shown limited
response rates in several small-scale trials pub-
lished to date [161]. Thus, chemotherapy should
only be used in patients with a diffuse and well-
documented progressive disease. In these cases
the reduction in the growth rate and the stabi-
lization of the disease represent a satisfactory
result. A high dose of doxorubicin (75 mg/m2

every 3–4 weeks) is the most effective
chemotherapeutic agent with a response rate of
15–20% in terms of stabilization of the disease.
The same response rate is obtained when dox-
orubicin is used alone or in combination with
other drugs such as 5-fluorouracil, dacarba-
zine, streptozocin, cyclophosphamide, and vin-
cristine [162,163]. Since major toxic effects are
frequently observed and the response is only
partial and short-lived, chemotherapy should
not be used in patients with stable or slowly
progressive disease.

Medullary thyroid carcinoma is a neuroen-
docrine tumor and 30–50% of cases express
somatostatin receptors as ascertained by 
Octreoscan [70]. Over the years, different types
of octreotide, from the native to the long-acting
analogues, have been explored as potential ther-
apeutic agents. In the majority of cases, a
significant reduction in serum calcitonin has
been demonstrated [164]. Unfortunately, no evi-
dence of a parallel reduction in the number
and/or the size of tumor lesions has been
shown. Inconstant and transient effects in
reducing symptoms such as flushing and diar-
rhea are not sufficient to recommend the
administration of somatostatin analogues in
metastatic medullary thyroid cancer patients.
No improvement in the therapeutic effect has
been observed when the somatostatin ana-
logues have been combined with a-interferon
[164]. Recently, specific somatostatin receptors
have been identified both in cell lines deriving
from human medullary thyroid carcinoma 
and in tissue surgical specimens of medullary
thyroid carcinoma [165–167]. The possibility of
using analogues that specifically recognize these
receptors is currently under evaluation.

Treatment with several radioactive elements
has been widely explored. There is no clinical
evidence to encourage treatment with 131I, which
has been demonstrated to be ineffective in large
series of patients with metastatic medullary
thyroid carcinoma [148,149]. A more promising

use of radioactive iodine has been shown when
iodine is linked to metaiodobenzylguanidine
[168,169]. However, only a small proportion of
patients (30%) have a positive result and 
the treatment is relatively ineffective. Other
radioimmunotherapeutic agents have been
explored and, in particular, the bi-specific anti-
bodies directed against the carcinoembryonic
antigen (CEA), which is expressed on the surface
of the majority of metastatic medullary thyroid
cells, but unfortunately no significant benefits
have been found in treated patients [170]. Pre-
liminary data have been reported on the use of
somatostatin analogues labeled with yttrium-90
or other radionuclides, in patients with meta-
static medullary thyroid carcinoma showing
octreotide uptake at Octreoscan [169,171].
Further studies are needed to establish the ther-
apeutic effectiveness of this procedure.

As reported above, external beam radiother-
apy is indicated in medullary thyroid carcinoma
when local aggressive unresectable disease 
is present. Although the radiosensitivity of
medullary thyroid carcinoma is moderate and
no survival benefit has been so far demon-
strated, available data suggest that improved
local control of the disease with a longer inter-
val between treatment and the recurrence of
regional or local disease may be obtained by
external postsurgical radiotherapy compared
with those not treated [151,152]. When bone
metastases are present, external beam radiation
is indicated to prevent pathological fractures
and for palliation of symptoms. Brain metas-
tases also may be treated with external radio-
therapy and a rapid and reliable response may
be obtained. Other therapeutic strategies are
indicated for lung and liver metastases. Radia-
tion therapy of lung metastases carries risk of
radiation fibrosis and respiratory dysfunction.
Chemotherapy is better indicated if progres-
sion of pulmonary disease is observed. Liver 
metastases may be amenable to surgical resec-
tion, especially if preceded by transarterial
chemoembolization. This procedure has been
demonstrated to be of particular benefit when
liver metastases are smaller than 3 cm and the
liver involvement is less than 30% [172].

Discomfortable Syndrome

Particular care should be taken to reduce severe
symptoms such as diarrhea, flushes, and 
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pain. Diarrhea is of particular discomfort for
patients, deeply disturbing their quality of life
and resulting in severe loss of weight. Sympto-
matic therapy should be performed using lop-
eramide. Histamine receptor inhibitors may be
employed to control the flushing syndrome.
Analgesic drugs, as appropriate, should be used
to give some pain relief to patients with very
advanced metastatic disease.

Future Therapeutic Strategies
At present, the treatment of advanced and
metastatic medullary thyroid carcinoma is
unsatisfactory. Novel alternative therapeutic
approaches are under investigation and several
experimental studies are already ongoing [173].
Tissue-specific cancer gene therapy has been
evaluated for several years. Adenovirus-
mediated tumor-specific combined gene therapy
using the herpes simplex virus thymidine/
ganciclovir system and murine interleukin-
12 seems very promising. An effective growth
suppression of tumor has been observed in rat
models affected by medullary thyroid carci-
noma and treated with this system [174].
Other interesting approaches are based on
immunotherapy, for example stimulation of
immune response and vaccination with tumor
lysate [175,176].

Inhibitors of tyrosine kinase receptors are
currently under investigation for their potential
role as therapeutic agents in human cancers
related to a structural alteration of these re-
ceptors [177]. As a general mechanism, they
compete with adenosine triphosphate, thus
hampering autophosphorylation and signal
transduction downstream from the targeted
kinase receptor. At present, two drugs have been
shown to produce beneficial effects: STI571
(imatinib or Gleevec), which has been docu-
mented to inhibit BCR-ABL in chronic myeloid
leukemia and c-KIT and PDGFR in gastroin-
testinal stromal tumors, and ZD1839 (gefitinib
or Iressa), which has been documented to
inhibit EGFR in non-small cell lung carcinoma
[178,179]. A further very promising agent is
ZD6474, which has been demonstrated to have
an inhibiting activity on the growth of cell lines
harboring RET gene activating alterations and
on the formation of tumors after injection of
these cells into nude mice [180–182]. ZD6474
also exerts an inhibiting effect on the vascular

endothelial growth factor receptor (VEGFR),
resulting in antiangiogenic activity. At present,
a phase I trial has been completed with no
significant adverse events. Clinical trials of
phase II and III are required to establish the
therapeutic potential of this and other com-
pounds in RET-positive cancer patients.
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Genetics of Nonmedullary
Thyroid Cancer
Introduction

The overall incidence of thyroid cancer in 
the UK is around 0.7 per 100 000 in males 
and 1.9 per 100 000 in females (http://www.
cancerresearchuk.org/aboutcancer/statistics/).
The most common form of thyroid cancer is
nonmedullary thyroid cancer (NMTC). This
accounts for ~90% of all cases and originates in
the follicular cells, which synthesize and secrete
thyroxine. NMTC has two major subtypes, fol-
licular (FTC) and papillary (PTC). These two
biologically distinct groups of tumors arise
from the normal follicular cell, and multiple
stages in transformation can be identified in
both, culminating rarely in the highly aggressive
anaplastic carcinoma [1].

A familial predisposition to medullary
thyroid carcinoma (MTC) is recognized in
about 25% of all cases, and is due to activating
mutations in the RET oncogene [2]. Under-
standing the molecular genetics of MTC as well
as multiple endocrine neoplasia syndromes
(MEN) 2A and 2B has revolutionized the clini-
cal approach to these patients, both in terms of
managing their familial risks, and in terms of
screening for related cancers.

Until recently, NMTC had not been consid-
ered to have a familial basis. However, there is
now increasing evidence that a proportion of

cases can be attributed to an underlying inher-
ited susceptibility. Although most NMTCs are
sporadic, familial NMTC, and familial PTC in
particular, is well recognized. Familial NMTC
and can be arbitrarily dichotomized into 
cancer predisposition syndrome-associated and
non-syndromic variants.Whilst disease-causing
alleles have been identified for a proportion of
such syndromic familial PTCs, no such alleles
have been unequivocally identified for the
majority of cases of familial PTC or indeed
familial NMTC, and remain a focus on ongoing
research.

The molecular genetics and management of
patients with MTC have been covered elsewhere
in this book. In this chapter, we concentrate on
the molecular genetics underlying the inherited
predisposition to NMTC. We then go on to
review the role of the clinical geneticist with
respect to cancer families, and give special ref-
erence to NMTC families.

Evidence for a Genetic
Predisposition to Nonmedullary
Thyroid Cancer
A number of epidemiological studies have
investigated the risk of malignancy associated
with a family history of thyroid cancer (Table
22.1). Ron et al. [3] performed a small case-
control study of 159 cases and 285 controls, and
demonstrated an odds ratio (OR) of 5 for a
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family history of NMTC. Similarly, a systematic
analysis of families of 222 consecutive PTC
patients by Stoffer et al. [4] demonstrated that
up to 6% of patients reported a first-degree rel-
ative with cancer, with a fivefold increased risk
in first-degree relatives.

In a hospital-based case-control study, Pal et
al. [5] identified 339 unselected patients with
NMTC and 319 unaffected ethnically matched
controls. Family histories of cancer were
obtained from cases, controls, and 3292 first-
degree relatives.At least one first-degree relative
with thyroid cancer was observed in 17 of the
cases (5.0%) and two of the controls (0.6%),
resulting in a relative risk of 10.3. In these 17
familial cases, none of the pedigrees were con-
sistent with known familial cancer syndromes.

In order to overcome the potential biases
encountered in studies of familial risk (e.g. cri-
teria for selection of probands, method of deter-
mining cancer frequency in relatives), two large,
population-based analyses have been per-
formed. In the first, Goldgar et al. [6] used the
Utah Population Database resource to systemat-
ically study familial clustering among 399 786
first-degree relatives of index cancer patients.
This analysis demonstrated a ninefold increase

in risk of thyroid cancer, the highest of a
number of cancers studied in this cohort.

The second population-based analysis was
performed by Hemminki et al. [7], who analyzed
the Swedish cancer registry, a database of cases
based on compulsory notification estimated to
be at near 100% completeness. Relative risks
were calculated from the data, which included
2435 thyroid cancers among offspring. Seventy-
eight families were identified in which both a
parent and offspring had thyroid cancer. The
relative risks for papillary and follicular cancers
combined were 7.8 and 2.8, for male and female
cancers, respectively, giving a sex ratio of 2.8.
Restricting analysis to families in which parents
and offspring developed the same type of
thyroid cancer, the relative risks for all PTCs and
FTCs combined were 7.8 and 2.8, for sons and
daughters, respectively. Whilst the relative risks
for concordant anaplastic cancers were reported
as 239 and 168, for sons and daughters, respec-
tively, compared to parents, this may have been
biased, since medullary cancers were likely to
have been reported as anaplastic in the dataset
pre-1985. Intriguingly, this study also demon-
strated that the risk of NMTC in relatives of
MTC cases is similarly elevated to that observed

Table 22.1 Familial risks of thyroid and other cancers in epidemiological studies

Author First site Second site Relative risk (95% CI)

Stoffer et al. [4] Thyroid Thyroid 4.7 (2.0–9.3)
Ron et al. [3] Thyroid Thyroid 5.2 (0.2–544)
Goldgar et al. [6] Thyroid Thyroid 8.6 (4.7–13.8)
Pal et al. [5] Thyroid Thyroid 10.3 (2.2–47.6)
Hemminki et al. [7] Thyroid (PTC or FTC) Thyroid (PTC or FTC) in sons 7.8 (3.9–13.2)
Hemminki et al. [7] Thyroid (PTC or FTC) Thyroid (PTC or FTC) in daughters 2.8 (1.5–4.5)
Hemminki et al. [7] Thyroid (anaplastic) Thyroid (anaplastic) in sons 239 (86.2–469)
Hemminki et al. [7] Thyroid (anaplastic) Thyroid (anaplastic) in daughters 168 (66.4–315)
Hemminki et al. [8] Thyroid (PTC) Thyroid (PTC) 4.2 (1.9–8.1)
Pal et al. [5] Thyroid Breast 1.7 (1.0–3.0)
Pal et al. [5] Thyroid Hormone-related cancersa 1.8 (1.2–2.7)
Ron et al. [3] Breast Thyroid 1.2 (0.6–2.6)
Peto et al. [10] Breast Thyroid 1.7 (0.7–3.4)
Goldgar et al. [6] Thyroid Soft tissue 2.9 (0.9–4.0)

Thyroid Lymphocytic leukemia 2.7 (1.1–5.5)
Thyroid Prostate 1.4 (1.1–1.9)
Thyroid Breast 1.7 (1.3–2.2)

Goldgar et al. [6] Breast Thyroid 1.7 (1.3–2.2)
Larynx Thyroid 3.0 (0.8–7.9)
Lymphocytic leukemia Thyroid 2.4 (0.9–6.5)
Soft tissue Thyroid 2.8 (0.9–6.5)

Hemminki et al. [7] Breast Thyroid 1.1 (0.9–1.3)

CI, confidence interval; FTC, follicular thyroid cancer; PTC, papillary thyroid cancer.
a Defined by the authors as breast, ovarian, endometrial, or prostate cancers.
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in relatives of NMTC cases, suggesting that part
of the familial risk of all thyroid cancers has a
common etiology.

Hemminki et al. [8] have further reported
from this population registry, and assessed the
relative risks for a number of common cancers
occurring both in parents or offspring. Analysis
of all thyroid cancers demonstrated a risk of 7.5,
and in PTCs in which the same disease occurred
in offspring and parent the relative risk was 4.2.

Whilst these analyses have clearly demon-
strated an increased familial risk for thyroid
cancer, some have also assessed the association
between thyroid cancer and other types of
cancer (Table 22.1). In the study by Pal et al.
[5], an increased relative risk (RR) of breast
cancer and an increased risk of hormone-
related cancers, defined by the authors as breast,
ovarian, endometrial, or prostate cancers, was
observed (RR = 1.7 and 1.8, respectively). No
other significant associations were detected.
Further support of an association between
breast and thyroid malignancies has come from
the smaller case-control and cohort studies of
Ron et al. [9] and Peto et al. [10].

The two population-based analyses have also
assessed these relationships. Goldgar et al [6]
identified a relationship between thyroid cancer
and cancers at other sites,principally with breast
cancer. The risk of breast cancer in relatives of
thyroid cancer patients in this study was in-
creased twofold.However,this association was not
observed in the Swedish dataset [7],where the rel-
ative risk of all types of thyroid cancer in offspring
of mothers with breast cancer was 1.1 (0.9–1.3).

Although the association between thyroid
and other cancers, such as breast cancer in par-
ticular, remains equivocal, a true association
might reflect the pleiotropic effects of an inher-
ited predisposition, with a susceptibility allele
accounting for cancer at several sites. A good
example of this phenomenon is Li–Fraumeni
syndrome, in which TP53 germline mutations
cause soft tissue sarcomas, leukemia, and brain
and breast cancers [11].

Cancer Predisposition Syndrome-
Associated Nonmedullary 
Thyroid Cancer
A number of families have been reported which
show clustering of PTC and other NMTCs.
Review of these reports suggests that NMTCs

can be arbitrarily divided into two groups: a
syndromic variant, in which NMTC is associ-
ated with other cancers in the context of a
cancer predisposition syndrome, and a non-
syndromic variant, in which NMTC is inde-
pendent of an accompanying disorder. We first
focus on syndromes associated with NMTC.

Familial Adenomatous Polyposis: Role of APC

Familial adenomatous polyposis (FAP) is an
autosomal dominantly inherited disease, af-
fecting around 1 in 8000 of the population. It is
characterized by the presence of florid polypo-
sis of the colorectum, and the inevitable devel-
opment of colorectal cancer if left untreated.
The disease was first described with clear dom-
inant inheritance by Lockhart-Mummery in
1925 [12]. The clinical diagnosis of FAP depends
on detection of hundreds to thousands of ade-
nomatous polyps in the colon and rectum of
affected individuals. Polyps usually appear by
adolescence or the third decade of life and if
untreated, colorectal cancer usually develops by
the early forties. Annual colonoscopy is there-
fore indicated from adolescence, followed by
prophylactic colectomy or proctocolectomy to
eliminate the risk of colorectal cancer [13]. FAP
is caused by germline mutations in the adeno-
matous polyposis coli (APC) gene, which maps
to chromosome 5q21 [14–16].

Although principally associated with colorec-
tal cancers, a number of extracolonic malig-
nancies associated with FAP are recognized.
Gardner’s syndrome refers to the association of
colonic polyps with epidermoid skin cysts and
benign mandibular or long bone osteoid 
tumors [17], whilst Turcot’s syndrome refers to
the association of colonic polyps with cerebel-
lar medulloblastoma [18,19]. Desmoids (benign
fibromatosis) are also seen in FAP patients and
are a significant cause of morbidity and mortal-
ity [20]. They usually arise in the abdominal
wall or bowel mesentery, and commonly recur
after surgical resection. Other malignancies
associated with the FAP phenotype include
hepatoblastoma [21,22] and PTC.

An association between FAP and thyroid
cancer was first described by Crail in 1949 [23],
and since then over 50 other cases have been
reported (Table 22.2). The great majority (over
90%) of cases reported have been PTCs, usually
detected within 10 years of a diagnosis of
FAP. Although thyroid cancer has a female 
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Table 22.2 Reported associations of familial adenomatous polyposis coli (FAP) and thyroid cancer

Age Thyroid cancer 
Authors Sex Thyroid cancer FAP histology

Crail [23] M 24 24 Papillary
Ogata et al. [90] M 31 – Adenocarcinoma
Raynham and Louw [91] F 20 20 ?a

Smith [92] M 29 39 Papillarya

– – ?
– – ?

Camiel et al. [93] F 19 28 Papillary
F 20 29 Papillarya

Smith and Kern [94] F – – ?
F – – ?
– – – ?
– – – ?

Mathias and Smith [95] F <30 – Papillary
Keshgegian and Enterline [96] F 21 14 Papillarya

Takahashi et al. [97] M 58 – Papillary
Ida et al. [98] M 26 – ?

F 26 – ?
Ushio et al. [99] M 27 – ?
Harada et al. [100] F 22 – Papillary
Okamura et al. [101] F 29 – Papillary
Hamilton et al. [102] F 18 17 Papillary
Miura et al. [103] F 27 – ?
Lee and MacKinnon [104] F 23 32 Papillarya

Delamarre et al. [105] F 21 27 Follicular
Thompson et al. [106] F 34 22 Papillarya

Schneider et al. [107] F 37 33 Papillary
Masuyama et al. [108] F 26 – Papillary
Plail et al. [24] F 22 21 Papillarya

F 26 19 Papillarya

F 34 31 Papillary
F 23 27 Papillarya

F 20 20 ?a

F 16 28 ?
F 34 17 ?

Piffer [109] F 26 24 Folliculara

F 28 – Papillary
F 55 – ?

Delamarre et al. [110] F 29 16 Papillarya

F 19 17 Papillarya

Bulow et al. [25] F 19 17 Papillary
F – – Papillary
F 40 26 Papillary

van Erpecum et al. [111] F 34 31 Papillary
Herrera et al. [112] F 27 23 Papillary

F – – Papillary
Ono et al. [113] F 50 50 Follicular
Bell and Mazzaferri [114] F 24 24 Papillary
Giardiello et al. [26] M 29 –

F 27 –
F 27 – 3 Papillary
F 29 – 2 Papillary and follicular
F 18 –

a Multifocal.
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preponderance in the general population 
(F/M ratio 2 : 1), this is more so the case in FAP-
associated cancers (F/M ratio 5.8 : 1).

Three systematic studies have investigated
the risks of thyroid cancer in FAP. In a retro-
spective review of 316 FAP patients on the St
Mark’s Hospital registry, Plail et al. [24] reported
four women with PTC, and estimated a relative
risk of PTC in females under 35 years of age to
be 160 (95% confidence interval (CI): 44–410).
A subsequent retrospective analysis of 245
patients on the Danish polyposis register [25]
demonstrated two thyroid cancer cases, both in
women, giving a relative risk of 100 (95% CI:
12–361). A more conservative estimate of risk of
thyroid cancer was, however, demonstrated in a
study of 197 FAP patients registered at Johns
Hopkins Hospital [26]. Five patients with FAP
developed thyroid cancer, and the relative risk,
irrespective of sex or age, was around 8 (95% CI:
2.5–17.7).

Although the differences in the relative 
risks calculated in the above studies might be
ascribed to a variety of factors including differ-
ing analytical methods, and age stratification
effects in the study populations, it is likely that
there results represent a true increased risk of
thyroid cancer in FAP patients. Whilst the rela-
tive risk of NMTC is elevated in FAP, the overall
absolute risk of developing the disease is only
around 2% [27].

This association between NMTC and FAP
undoubtedly implicates APC inactivation in
sporadic thyroid carcinogenesis. However, the
precise mechanism for APC inactivation re-
mains uncertain. Although, APC is expressed in
normal as well as malignant human thyroid
tissue [28,29], loss of the APC wild-type allele
and tumor-specific APC mutations were not
found in a small series of PTCs associated with
FAP [30], raising the possibility that epigenetic
phenomena, or a dominant negative effect of the
single abnormal APC allele may be the mecha-
nism of pathogenesis in thyroid follicular cells.
In sporadic NMTC, a failure to demonstrate
mutations in APC in over 100 cases at a variety
of stages of differentiation implies that APC
mutations are an infrequent event in thyroid
tumorigenesis [31–34]. Thus, whilst APC inacti-
vation undoubtedly contributes to the develop-
ment of a distinctive form of thyroid cancer
seen in FAP, it is unlikely to be important in the
development of thyroid cancer outside FAP.

Cowden Syndrome: Role of PTEN

Papillary or follicular thyroid carcinoma is also
recognized as a manifestation of the dominantly
inherited disorder Cowden syndrome [35,36].
Cowden syndrome is a complex disorder of
malignant and benign (hamartomatous) lesions
affecting derivatives of all three germ layers
[37], affecting around 1 in 200 000 of the po-
pulation [38]. It is characterized by multiple
hamartomas, macrocephaly, trichilemmomas,
as well as a high risk of both benign and malig-
nant cancers of the thyroid, breast, uterus, and
skin.

When defined by strict operational diagnos-
tic criteria, around 80% of Cowden syndrome is
thought to be due to pathogenic mutations in
PTEN, a tumor suppressor that maps to chro-
mosome 10q23 [39]. A wide spectrum of phe-
notypes are observed, with considerable overlap
with that of Bannayan–Riley–Ruvalcaba syn-
drome (characterized by macrocephaly, lipo-
matosis, hemangiomatosis, and pigmented
glans penis macules).

The lifetime risk for breast cancer in Cowden
syndrome is around 40% [37,40], and the risk
for thyroid cancer is around 10% [36,37]. These
thyroid cancers are typically follicular, but occa-
sionally papillary. Benign thyroid abnormali-
ties such as adenomatous goiter and hyper- 
or hypothyroidism are common, and a variety
of benign tumors of muscular and neuronal
origin have been described. Because Cowden
syndrome is rare, the overall contribution of the
disorder to the total burden of thyroid cancer is
small.

Thyroid Cancer with Other Syndromic
Associations

Thyroid cancer has been anecdotally reported
in association with a number of other cancer-
predisposing syndromes including ataxia
telangiectasia (AT) [41], Peutz–Jeghers syn-
drome [42], and hereditary non-polyposis 
colorectal cancer (HNPCC). Systematic studies
have, however, failed to show that PTC forms
part of the spectrum of HNPCC [43,44]. Simi-
larly, a systematic study of Peutz–Jeghers
patients did not show an increased risk of
thyroid cancer [45]. In a study of 110 AT fami-
lies reported by Swift et al. [46], a 2.7-fold
increase in risk of thyroid cancer was seen in AT
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heterozygotes, albeit nonsignificantly (95% CI
0.7–6.8). Other studies, however, have failed to
established an increased risk of thyroid cancer
in AT [47,48].

Non-Syndromic Familial
Nonmedullary Thyroid Cancer
In addition to an association with readily
identifiable cancer predisposition syndromes
such as FAP, a number of families with non-
syndromic clustering of thyroid cancers (pri-
marily PTCs) have been described (Table 22.3).

Although on first inspection it might be
thought that familial clustering is secondary to
ascertainment bias, this is statistically highly
unlikely. For example, a nuclear family with two
offspring with NMTC (e.g. the family reported
by Lote et al. [49]) would be expected to occur
by chance alone less than once every 100 years.
Furthermore, analysis of the familial cases has
shown a marked excess of bilateral and multiple
primary or multicentric cancer, compatible with
an inherited predisposition. In addition, nodal
involvement and distant spread are frequent at
the time of presentation, suggesting an aggres-
sive phenotype. There is also evidence of sex
limitation, with a preponderance of female
cases, and a number of the published pedigrees
are consistent with vertical transmission of
thyroid cancer.

NMTC in Association with Benign Thyroid
Disease: Role of MNG1

There is evidence that some forms of NMTC
may be caused by a predisposition to develop-
ing multinodular goiter (MNG) or other forms
of benign thyroid disease. A high incidence of
benign thyroid disease was documented in a
number of families segregating NMTC [4]. This
is supported by systematic studies of risks of
thyroid disease in cancer in relatives of patients
with NMTC. The risk of benign thyroid disease
is increased three- to fourfold in relatives of
patients with thyroid disease or NMTC [50,51].
Furthermore, the risk of NMTC is elevated up to
fivefold in individuals with a history of benign
thyroid disease [3,52]. Based on a survey of
159 patients, Ron et al. [3] estimated that about
20% of thyroid cancers are attributable to a
prior history of benign thyroid disease. Taken

together, these observations suggest the exis-
tence of relatively common disease-causing
alleles conferring a high risk of benign thyroid
disease (usually nonfunctioning adenomatous
goiter), but a moderate risk of invasive disease.
Although the underlying basis of this remains
unclear, this hypothesis is concordant with the
observation that chronic iodine-deficient diets
can lead to thyroid cancer through stages of fol-
licular hyperplasia, hypertrophy, nodule, and
adenoma formation [53]. It is also possible that
the inherited predisposition to MNG may also
mediate, in part, the association between
thyroid and breast cancer, since nontoxic goiter
is twice as common in women with breast
cancer [54].

Based on the possibility of a common MNG
and NMTC disease-predisposition, a genome-
wide linkage based study of a large Canadian
family segregating 18 cases of nontoxic NMG
and two cases of PTC led to the identification of
a locus on chromosome 14q, termed MNG1
[55]. One possible candidate gene for this locus
is the thyroid-stimulating hormone receptor
gene (TSHR) on chromosome 14q. This gene is
somatically mutated in a proportion of hyper-
functioning thyroid follicular adenomas [56].
Whilst TSHR is within 20 Mb of MNG1, no
mutations in the gene were detected in affected
family members, and the recombinants between
the disease and TSHR confirmed that TSHR is
not MNG1 [55]. Although MNG1 appears to
cause some forms of NMTC, linkage analysis in
37 small NMTC families has shown that it does
not make a major contribution to the overall
burden of familial NMTC [55].

PTC in Association with Papillary Renal
Tumors: Role of fPTC/PRN

Malchoff et al. [57] have reported a large three-
generation kindred segregating PTC in which
two members had papillary renal tumors (PRN)
in addition. One of these affected individuals
had multifocal papillary renal adenomas [57]. In
order to investigate the underlying genetic pre-
disposition to this syndrome further, Malchoff
et al. [58] performed a genome-wide linkage
analysis of this family. Significant linkage to
chromosome 1q21 was observed, which they
termed fPTC/PRN. The deleterious allele at this
locus, however, remains to be identified. Three
candidate genes map to the linked chromosome
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1q21 region: NRAS, PRCC, and NTRK1. Muta-
tions in the exonic regions of NRAS or PRCC
have not been detected [59] and NTRK1 is
unlikely to be implicated since it is expressed
neither in normal thyroid tissue nor in normal
thyroid tissue of patients with the familial
PTC/PRN syndrome. Further work is still
required to identify disease-causing alleles in
the linked region.

NMTC in Association with Cell Oxyphilia: 
Role of TCO

A subset of thyroid cancers are characterized by
cell oxyphilia. Oxyphilic cells are found in a
minority of either benign or malignant thyroid
tumors, and are characterized by a large volume
of granular eosinophilic cytoplasm, and a large
number of mitochondria. Oxyphilic thyroid
malignancies are frequently associated with
autoimmune thyroiditis. A large multigenera-
tional family segregating six cases of MNG and
three of PTC from a non-endemic-goiter area of
western France [60] was used for a genome-
wide linkage search [61]. Five of the cases had
histology available and in four, oxyphilia was
noted. Significant linkage to chromosome
19p13.2 was detected, and the locus termed 
TCO (thyroid tumors with cell oxyphilia). The
pathogenic allele at this locus remains to 
be identified, but candidate genes include
ICAM1.

This and other previously described pre-
disposition loci have been comprehensively
assessed by Bevan et al. [62]. They assessed 22
families segregating NMTC, all of which had a
clinical diagnosis of FAP and Cowden syndrome
excluded. Four established (MNG1, TCO, fPTC,
PTEN) and two putative predisposition loci
(TSHR and TRKA) were assessed by linkage-
based methods. The latter two loci were chosen
on the basis of their role in the pathogenesis of
nonmalignant thyroid disease a priori [63,64].
None of the families showed significant link-
age to MNG1 or fPTC. One of the families did,
however, show linkage to chromosome 19p13.2,
providing independent confirmation of TCO as
an NMTC predisposition locus. By contrast to
the previous thyroid cancers linked to TCO [61],
the cancers in the family reported by Bevan et
al. [62] were papillary, with no suggestion of
oxyphilia.

Familial PTC Alone: the Chromosome 
2q21 Locus

Despite identification of the NMTC predisposi-
tion loci TCO [61], MNG1 [55], fPTC/PRN [58]
described above, the majority of familial PTC
kindreds are not linked to these loci [65,66],
highlighting the marked genetic heterogeneity
of NMTC. McKay et al. [67] investigated this
further by performing a genome-wide linkage
analysis on a large Tasmanian family segregat-
ing PTC, with no cell oxyphilia, or renal malig-
nancy. Significant linkage to chromosome 2q21
was detected, which was subsequently verified
by analysis of 80 pedigrees, all again with no cell
oxyphilia, or renal malignancy.

Evidence for a predisposition locus on chro-
mosome 2q21 has been supported by loss of
heterozygosity and cytogenetic studies, sug-
gesting the existence of one or more tumor sup-
pressor genes in this region [68,69]. Again, the
causative allele at the chromosome 2q21 locus
remains to be identified. Candidate genes
include ACVR2, which has been implicated in
thyroid growth, RAB6/RALB, members of the
Ras-like family, and LRP-DIT. The Pax8 gene has
been implicated in NMTC carcinogenesis [70],
but can be excluded from a role in carcinogen-
esis in the dataset assessed by McKay et al. [67],
since it maps to a location centromeric to the
linked region.

Familial NMTC with No Specific Clinical
Association: Role of TG

The NMTC loci chromosome 2q21, fPTC/PRN,
TCO, and NMG1 have all been identified
through analysis of single large families. Other
families segregating NMTC have not shown
linkage to these loci [62,65], and it is very
unlikely that sequence changes at these loci will
account for the majority of the familial risk. Part
of the residual familial risk could be due to high
penetrance mutations in as yet undefined genes.
Alternatively, a polygenic mechanism could
account for at least part of the familial risk.
Alleles conferring relative risks of ~2.0 will
rarely cause multiple-case families and are
difficult or impossible to identify through
linkage-based methods [71]. The search for low
penetrance alleles has therefore centered on
association studies based on comparing the fre-
quency of polymorphic sequence variants in
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cases to controls. Variants (alleles) observed in
greater frequency in cases compared to controls
may be either causally related to disease risk or
in linkage disequilibrium with a nearby disease-
causing sequence variant [72].

Matakidou et al. [73] have published the 
first allelic association study of NMTC. Three
hundred and four UK and Canadian NMTC
cases, the great majority of which had PTC, and
400 controls were assessed at two polymor-
phisms in TSHR (P52T, and D727E) and at one
sequence variant (Q2511R) in the thyroglobulin
gene (TG). These genes were chosen on the basis
of the observed linkage between TSHR muta-
tions and thyroid cancer [74], and the associa-
tion between level of circulating thyroglobulin
and NMTC development [75]. Although no evi-
dence of an increased risk of NMTC associated
with the TSHR variants was detected, the TG
Q2511R polymorphism was associated with an
increased risk of 1.6 and 2.0 for hetero- and
homozygotes, respectively. If confirmed by inde-
pendent datasets, given that the allele frequency
of the TG 2511 “R” allele is ~50% in Caucasians,
this variant may underlie NMTC risk in around
one third of all NMTC cases.

The Role of the Clinical
Geneticist
Scope of Cancer Genetics Clinics
Until recently, the activities in clinical cancer
genetics have traditionally been confined to 
the management of familial cancer syndromes.
With the realization that a significant propor-
tion of most common cancers are due to an
inherited predisposition, cancer genetics clinics
have been established.

These clinics have a wide remit and have
evolved depending on the sub-specialties of
their staff. The scope of clinical cancer genetics
is overviewed in Table 22.4. Although assess-
ment of hereditary risk of cancer and options to
reduce risk for unaffected relatives of probands
as well as genetic counseling for patients with
cancer or their families remains the mainstay of
work, other areas that are increasingly becom-
ing important are counseling regarding repro-
ductive risks, interpretation of genetic tests for
the diagnosis of malignancy, and the develop-

ment of genetic tests with prognostic utility for
cancer patients.

The current provision of genetics services in
the UK is based on a regional organization, with
25 local providers of clinical genetics services
across the UK. The ideal cancer genetics clinic
is staffed by personnel not only familiar with
genetics, but also with a background in oncol-
ogy, supported by counselors and psychologists.
These clinics are therefore most likely to be
established at joint clinics serving a geographi-
cal locality, and are likely to be staffed by clini-
cians in secondary or primary care, as well as
other healthcare professionals.

The activities in cancer genetics cover a range
of activities including the keeping of accurate
personal and family records according to local
and national guidelines, linking familial data 
via family registers, training of other health-
care professionals in guidelines for appropriate
referral, the providing of a resource for research
and development, as well as genetic testing and
interpretation of these results. Data manage-
ment is therefore crucial to the smooth running

Table 22.4 Scope of clinical cancer genetics

1. Assessment of hereditary risk of cancer and options
to reduce risk:
• Identification of hereditary syndromes or patterns

of inheritance predisposing to cancer
• Assessment of risk of recurrence, additional

related cancer, additional unrelated cancer to
affected individuals and unrelated cancers to
unaffected family members

• Options for genetic testing, pretest counseling,
posttest counseling

• Options for screening and prevention
• Recommendations for risk-reducing behavior

2. Genetic counseling for cancer survivors, or for their
families, regarding reproductive risks:
• Post-chemotherapy risks for sterility and

teratogenicity
• Options for prenatal diagnosis to determine

genotype in known germline mutation carriers
3. Interpretation of genetic tests for the diagnosis of

malignancy:
• The ordering of appropriate genetic tests, at most

suitable time point
• Interpretation of test results

4. Interpretation of genetic tests with prognostic
utility for cancer patients:
• Selection of therapeutic approaches based on

prognostic markers
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of these clinics, not only for research and audit
purposes, but also for service activities such as
confirming diagnoses from medical records 
and death certificates. In addition, liaison with
a diagnostics laboratory (usually within a
regional genetics service) is vital in ensuring
storage, retrieval, and testing of blood and
tumor samples.

Referral to Cancer Genetics Clinics
There is currently considerable variability in the
threshold for referring patients to such clinics,
and this is dependent not only on local policy,
but on the experience of local clinicians man-
aging patients with cancer. Since completion of
sequencing the human genome, the profile of
clinical genetics and cancer genetics per se has
never been higher, both in terms of media inter-
est (http://www.bbc.co.uk/genes/) and the polit-
ical agenda [76]. Increasingly patients, as well as
their clinicians, are recognizing that cancers
may be attributable to an inherited predisposi-
tion. Due to numbers of individuals with the
common cancers, it will be impossible for all
patients subjectively perceived to be at risk to be
seen in the secondary care setting; nor do all
these individuals require such specialized serv-
ices. A key role for primary care clinicians is in
identifying those most in need of secondary
care services. In the absence of computer-based
criteria, catering for every possible familial
cancer pattern, this in turn depends on high
quality referral guidelines issued by the service
provider.

Genetic Counseling
Genetic counseling is a term used to describe
the interview that occurs when an individual
attends a genetics clinic. Counseling is one of
the most important features of a genetics con-
sultation, and is based on a nondirective model,
aiming to offer choices to patients. Currently,
much of the initial consultation relates to the
diagnosis and management of the disease, and
exploration of the individual’s family history.
However, as preventative options become avail-
able, with the possibility of novel intervention
strategies, the dynamics of this approach will
undoubtedly change, and a more proscriptive
approach may become evident.

Genetic counselors are degree-level health-
care professionals with training in both the psy-
chosocial and medical aspects of inherited
diseases. In most clinics this role is undertaken
by both clinicians and specialist nurses, alike.
Although the premise of the model for genetic
counseling was primarily developed in the pre-
natal and pediatric setting, since this is the basis
of most clinical genetics, it is equally applicable
to risk counseling for adult-onset disorders.
Even though the instigation of counseling 
may be driven by the requirement to obtain
informed consent, the basic elements of the
counseling process are still relevant even if the
individual concerned chooses not to undergo
DNA testing.

A number of definitions of genetic counsel-
ing exist, but perhaps one of the most popular
is “a communication process which deals with
the human problems associated with the occur-
rence, or risk of occurrence, of a genetic disor-
der in a family . . . involving an attempt to help
the individual or family (1) comprehend the
medical facts . . . and the available manage-
ment; (2) appreciate the way heredity con-
tributes to the disorder . . . ; (3) understand the
options for dealing with the risk of recurrence;
(4) choose the course of action which seems
appropriate . . . ; and (5) make the best possible
adjustment to the disorder” [77]. Cancer genetic
counseling per se has a strong emphasis on
communication, risk assessment, guidance, and
support. The basic areas covered in a typi-
cal genetic counseling session are: contracting,
baseline risk perception, pedigree construction,
pedigree documentation, medical history, phy-
sical examination, genetic risk assessment,
strategies to prevent cancer or early detection,
pretest counseling, response to questions and
support together with follow-up plans.

Contracting
The term “contracting” has been taken from the
concept of the therapeutic contract in psy-
chotherapy and refers to the process of interac-
tion and alliance between the genetic counselor
(e.g. doctor or nurse specialist) and the referred
individual (i.e. the probands: individual affected
with disease or healthy relative of affected indi-
vidual). In this process the counselor elicits the
proband’s perceptions of the reason for the
clinic attendance, and their notion of what
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information they intend to glean from the clinic
visit. While many are referred without even a
basic premise of the reason for clinic atten-
dance, other individuals will have already have
done much in the way of background reading,
and have a preconceived agenda. These percep-
tions are then reconciled with what can actually
be accomplished during the clinic visit, with an
explanation of what the session will entail, and
a reinforcement of the goal of working together
to reach decisions.

The Family History
The establishment of the individual’s family
history is central in coming to a conclusion as
to the risk of disease. It is therefore essential to
establish a pedigree that is as accurate as pos-
sible. Since many patients will often not have
clinical details of relatives that they have lost
contact with, many centers routinely send a
“family history questionnaire” to patients when
they send the clinic appointment. Patients are
then asked to return this questionnaire prior to
the first consultation. This questionnaire allows
individuals to document demographic details
and diagnoses of first- and second-degree rela-
tives, as well as any other relatives with a diag-
nosis of cancer within the extended family, prior
to the initial clinic visit, thereby maximizing the
information gleaned at this consultation. Family
information can then be assembled into a tradi-
tional pedigree during the consultation and
updated as necessary. Sending out such a ques-
tionnaire prior to the clinic appointment has a
number of advantages. Not only might it save
around 20 minutes of consultation time, there
by increasing throughput, but it also allows
probands to discuss and confirm clinical details
of distant relatives with other members of the
family, thereby allowing other individuals at risk
of disease to think about their personal and
familial risks, and their relationship to the
proband’s risk.

Pedigree Construction
Although traditionally regarded as a rather
minor part of the new patient medical history,
the accurate documentation of a proband’s
family history is essential to assessing risk. The
family structure, including all relevant known
relatives, alive and dead, should be represented

as a pedigree. The symbols commonly used to
construct pedigrees are shown in Figure 22.1,
and an example of the documentation of rela-
tionships between family members is repre-
sented in Figure 22.2.

Several computer-based software packages
exist for the drawing of pedigrees, and the type
of software used by the clinic will depend on
needs. Packages available range from those that
will simply draw pedigrees (PedDraw, San
Antonio, TX) to those that can deal with genetic
marker data and include integrated relational
databases (Progeny, South Bend, IN).

Medical History and Examination
The proband should first be identified as being
either an affected or unaffected individual. The
past medical history should be as complete as
possible, giving specific reference to known 
preneoplastic lesions such as benign thyroid
disease, goiter, adenomatous bowel polyps, and
dysplastic nevi. Specific associated clinical fea-
tures of cancer syndromes should be sought in
either the probands, or in the cancers of the rel-
atives. Such features might include, for example,
a history of multinodular goiter, colonic polyps,
epidermoid cysts, in a family segregating 
FAP-associated NMTC, or trichilemmomas and
macrocephaly suggestive of Cowden syndrome.
A personal or familial history of developmental
delay might further indicate Cowden syndrome,
as might a history of hamartomatous polyps or
breast fibroadenomas, or uterine leiomyomas.
Alternatively, a history of supernumerary or
impacted teeth might indicate an underlying
diagnosis of FAP, as might a history of duode-
nal or gastric polyps. A history of polypectomy
should be investigated further by requesting
histological reports, in order to assess presence
of adenomatous lesions. It is, however, more
likely than not, given the rarity of FAP and
Cowden syndrome, that for the majority of
probands presenting with an increased risk of
the common cancers a previous medical history
will be unremarkable.

A history of exposure to environmental risk
factors should be sought. In individuals previ-
ously treated for cancer, previous treatments
should be documented in order to be able to
accurately assess secondary cancer risk. Previ-
ous and current levels of tobacco smoking and
alcohol consumption should be clearly docu-
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mented. Individuals should be questioned on
symptoms indicative of cancer or underlying
congenital abnormalities.

The ethnic background of all probands
should also be sought, given the increased prob-
ability of deleterious alleles in individuals 
from particular backgrounds. For example, the
I1307K allele of APC is primarily restricted to
individuals of Jewish ancestry [78]. Similarly a

history of consanguinity, which may be com-
monplace in some cultures [79], and associated
with a higher than expected risk of disease,
should be sought.

The type and scope of a physical examination
when conducted within a genetic counseling
session will entirely depend on the background
of the counselor. Examination should be per-
formed to detect an underlying malignancy or

Marriage

Divorce 

Consanguineous
marriage 

Monozygotic
twins 

Dizygotic twins 

No offspring 

Male 

Female 

3 Unspecified sex 
(number of individuals) 

Affected individual 

Affected individual 

Arrow indicates proband 

Deceased 

Miscarriage

Adopted

Figure 22.1 Symbols used for pedigree construction.
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clinical features that might suggest an inherited
predisposition syndrome. For example, the skin
should be fully examined in order to exclude
Cowden syndrome (verrucous skin lesions of
the face and limbs, lipomas, hemangiomas, and
cobblestone-like hyperkeratotic papules of the
gingiva and buccal mucosa) and FAP (sebaceous
or epidermoid cysts). Macrocephaly (>97th per-
centile) should be excluded. The body should be
examined for presence of desmoids, particularly
the abdomen, and also for osteomas, particu-
larly at the mandible. Primary as well as associ-
ated malignant neoplasia should be excluded.
Thus, examination of the thyroid gland should
be performed in order to exclude primary
malignant disease, but also benign disease (e.g.
multinodular goiter). Breast examination (for
malignant disease and giant breast fibroadeno-
mas in the case of Cowden syndrome) is there-
fore warranted. Retinal examination (for retinal
gliomas in the case of Cowden syndrome, and
congenital hypertrophy of the retinal pigment
epithelium in the case of FAP) should also be
performed.

Genetic Risk Assessment
After ascertaining the proband’s perception on
their personal risk, it is important to give some

objective estimate of risk, based on the family
history. There are considerable epidemiological
data available to give a quantitative risk es-
timate, based on the pedigree analysis. The
advantage of such data is that they are applica-
ble to the majority of individuals referred to the
clinic and have either a negligible or modestly
increased risk of cancer over the general popu-
lation. Some estimates of risk can be derived
from models that have been validated from
follow-up datasets [80–82]. More precise risk
estimates may be derived after genetic testing.

Predictive Gene Testing
The decision to undertake genetic testing
should not be undertaken lightly, and never
without fully informed consent. Pretest counsel-
ing is required in order to deliver all the possi-
ble options to the proband, and to prepare them
for the possible consequences of a test, both
medical and psychological, and possibly eco-
nomic. Integral to this is education about what
the genetic tests themselves can deliver, and the
possibility of type II error (false negative).

The consenting process should first begin
with provisions for patient autonomy (the right
of the individual to act freely, with adequate
information). Here, information on the specific

Figure 22.2 Sample pedigree.
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test being performed should be given, together
with implications of a positive and negative
result. The possibility that the test result may 
be inconclusive should also be highlighted.
Options for the determination of genetic risk
from epidemiological data, without gene
testing, should be highlighted, as well as the
risks of passing any mutations on to children.
Second, options for medical surveillance either
following or in place of testing should be dis-
cussed, as well as specific measures to reduce
risk if identified as a mutation carrier.

A number of issues pertaining to non-
maleficence (doing no harm) should be dis-
cussed. These include the technical accuracy of
the test, and the time-scale expected for a result.
The possibility of psychological distress should
also be addressed, as well as the risks of dis-
crimination, either from insurance provider or
from employer. Public perception of this
problem is high, and probably overly fearful
[83], with a current UK moratorium on the use
of genetic test results by the UK Insurance
industry [84].

Finally, issues governing the notification of
family members on the basis of the test result
should be discussed, as well as the risks that
nonpaternity may be discovered, and how this
information will (or will not) be disclosed.

Risk Reduction Strategies
Physicians involved in the management of indi-
viduals at increased risk of malignancy are
uniquely placed to be able to direct risk reduc-
tion strategies. These would include either a
screening program in order to either prevent
disease, or pick it up at an early stage, or more
active measures, such as prophylactic surgery.
The level of involvement that the physician
wishes to maintain will vary and depend on the
level of primary care responsibilities they are
willing to assume. In many cases, the physician
is best placed in the role of screening facilitator
and coordinator.

Many probands attending clinic may be only
at the population risk of cancer, and no specific
risk reduction strategies would be appropriate.
For others, either at moderate or high risk of
future malignancy, strategies to reduce risk will
depend on the underling diagnosis. How-
ever, in all cases, individuals who continue to 
smoke tobacco should be vehemently counseled

against this. Strategies to reduce alcohol intake
should also be explored, in those in whom this
is a risk factor.

For most probands, issues pertaining to risk
reduction will involve cancer screening and
referral to appropriate specialists or units. The
role of such screening strategies should be dis-
cussed fully with patients, especially those for
which no unequivocally proven benefit has been
demonstrated [85]. Alternatively, these patients
may be ideal candidates to recruit into stud-
ies of chemoprevention with either well-
established or novel agents, and entry into 
such studies should be discussed.

In a minority of probands, prophylactic
surgery may be considered. This strategy has
been shown to be highly successful in the case
of thyroidectomy [86]. However, the timing of
such surgery will need to be discussed [87], as
well as the risks of recurrent disease despite
surgery. The opinion of a psychologist in such
situations may be invaluable [88].

Clinical Management of 
NMTC Families
Despite the identification of a familial com-
ponent to NMTCs, the recognition that some
NMTCs are occasionally seen in association
with rare cancer predisposition syndromes
coupled with major advances in mapping pre-
disposition loci in large NMTC-segregating
families, there has been little progress in
unequivocally identifying the disease-causing
alleles accounting for familial NMTC outside
that seen in rare cancer predisposition syn-
dromes such as Cowden syndrome. The paucity
of unequivocally identified disease-causing
alleles has hampered the clinical management
of familial NMTC, compared to medullary
thyroid cancer, and means that germline gene
testing in affected individuals in familial or
early onset NMTC is limited to those in which
there is a high likelihood of an underlying
cancer predisposition syndrome.

Individuals with Cowden and other such 
syndromes should receive genetic counseling.
Guidelines for diagnosis, counseling, and screen-
ing for associated disease with these syndromes
are discussed elsewhere [36,89]. Families of
probands should also be screened for NMTC,
given their increased risk.
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In patients with PTC, a family history should
be extracted with special reference to family
members with either NMTC or PRN. Presence
of either of these should suggest a familial PTC
syndrome. If such a familial PTC syndrome 
is identified, the first-degree relatives should 
be screened for underlying thyroid disease.
The optimum screening method has yet to be
identified. Although indicated in families with
MEN2A and MEN2B, the value of prophylactic
thyroidectomy has not been proven and should
not routinely be recommended, not only since
PTC is generally more indolent than medullary
thyroid cancer, but also since no germline mu-
tations can be unequivocally associated with
affection status. There has yet to be formal con-
sensus on the most effective screening program
for PTC in high risk families. First-degree rela-
tives of affected familial PTC kindred members
should be assessed with a yearly physical exam-
ination of the thyroid gland, probably starting
at the age of 20 years. The role of ultrasound
monitoring of the thyroid gland may also be of
use due to its greater sensitivity and ability to
identify unrelated and clinically unimportant
abnormalities. The role of ultrasound in screen-
ing for PRN is limited, as an increased incidence
of PRN is not observed in most familial PTC
kindreds. Moreover, in those kindreds segregat-
ing PTC and PRN, the frequency of PRN is far
lower than that of PTC.

Finally, any size of families segregating
NMTC, from affected sibling pairs upwards,
should be accrued whenever possible, after host
institution ethical review board approval, for
gene mapping studies. If participating in such
studies, and when disease-causing alleles have
not been unequivocally identified, results
should not influence clinical management of
participating families, due to the statistical
probabilities concerned and the lack of an
identified mutant allele.

Summary and Conclusions
A familial component to NMTC is now well 
recognized. A number of families segregating
NMTC outside that seen in cancer predispo-
sition syndromes have been reported and
genome-wide linkage analyses have mapped at
least four predisposition loci (chromosome
2q21, fPTC/PRN, TCO, NMG1). However, the

disease-causing alleles at these loci have yet to
be identified. These loci are unlikely to account
for the majority of the familial risk observed in
relatives of NMTC cases and are unlikely to
account for the majority of cases of NMTC
observed. There is therefore marked genetic
heterogeneity underlying the predisposition to
NMTC.

A significant component of NMTC may,
however, be mediated through a number of
disease-causing alleles, each conferring modest
risks. Association based methods have iden-
tified a polymorphic variant of TG as conferring
such modestly increased risks of NMTC.
Although alleles of this type confer only modest
risks, due to their high frequency in the general
population, they may, in fact, account for the
majority of NMTC cases.

The lack of unequivocally identified disease-
causing alleles has hampered the clinical man-
agement of familial NMTC. Identification of a
familial component to NMTC cases, by taking a
careful family history and cross-referencing
cases with local cancer registries in the public
domain, is clearly important. Affected individu-
als should be assessed by taking a good personal
and family history, and by careful clinical exam-
ination, together with review of associated
pathology reports for any evidence that their
NMTC forms part of a cancer predisposition
syndrome such as Cowden syndrome. Family
members of individuals at risk should be
offered thyroid screening, although the best
program for this remains unclear.
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Section VII
Thyroid Cancer in Children



Introduction
Thyroid carcinoma (TC) in the pediatric age
group is rare, constituting only 1.3% of all newly
diagnosed pediatric malignancies in the United
States between 1973 and 1987, as determined
from the Surveillance, Epidemiology, and End
Results Program data collected by the National
Cancer Institute of the National Institutes of
Health [1]. Two thirds of TCs occur in girls, with
a peak incidence between 7 and 12 years of age
[2]. In general, TCs in children and adolescents
have a better prognosis than other malignan-
cies in children or even same-stage TCs of the
same histological type in adults. Most pedia-
tric studies designate papillary and follicular
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Abbreviations

ATC Anaplastic thyroid carcinoma
CCH C-cell hyperplasia
CNS Central nervous system
CXR Chest X-ray
EBRT External beam radiation therapy
EGF Epidermal growth factor
ERK Extracellular signal-regulated 

kinase
FAP Familial adenomatous polyposis
FGF Fibroblast growth factor
FMTC Familial medullary thyroid cancer
FNAB Fine-needle aspiration biopsy
FTC Follicular thyroid carcinoma
GH Growth hormone
IGF-1 Insulin-like growth factor-1
JNK c-Jun N-terminal kinase
L-T3 L-triiodothyronine; liothyronine
L-T4 Levothyroxine
MAPK Mitogen-activated protein kinase
MEN Multiple endocrine neoplasia
MRI Magnetic resonance imaging
MTC Medullary thyroid carcinoma
NED No evidence of disease (status)
PI3K Phosphatidylinositol 3-kinase
PPARg Peroxisome proliferator-activated 

receptor-g
PTC Papillary thyroid carcinoma
RAI Radioactive iodine; radioiodine
rhTSH Recombinant human TSH
RTK Receptor tyrosine kinase

T3 Triiodothyronine
T4 Thyroxine
TC Thyroid cancer
Tg Thyroglobulin
TH Thyroid hormone
THST Thyroid hormone suppression 

therapy
T/NTT Total/near-total thyroidectomy
TSH Thyrotropin
U/S Ultrasonography
VEGF Vascular endothelial growth factor
WBS Whole-body scan (or scanning)
WDTC Well-differentiated thyroid 

carcinoma
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thyroid carcinomas (PTCs and FTCs, respec-
tively) as well-differentiated thyroid carcinomas
(WDTCs), and this convention will be followed
in this chapter. The other two major histopatho-
logical types of TCs are medullary and anaplas-
tic TCs (MTCs and ATCs, respectively).

Epidemiology and Molecular
Pathogenesis
Well-Differentiated Thyroid
Carcinoma
The epidemiology of WDTC is not well under-
stood, and the relative proportion of PTC versus
FTC varies geographically, perhaps as a function
of the iodine content of the diet [3]. Iodine
deficiency alters the pathology of TC in adults
by increasing the relative prevalence of FTCs
and ATCs, whereas the percentage of PTCs is
higher in iodine-sufficient areas [4]; it is likely
that similar effects of iodine sufficiency may
affect the relative incidence of various TC types
in pediatric populations.

One cause of TC is the external beam radio-
therapy widely used from 1920 to 1960 in chil-
dren for treating benign conditions of the head,
neck, and upper chest, such as tinea capitis,
acne, tonsillar hypertrophy, and thymic enlarge-
ment. In 1949, Quimby and Werner [5] sug-
gested a relationship between neck irradiation
and the development of TC later in life. The
thyroid gland in childhood is highly sensitive to
radiation.After 1950, the use of radiotherapy for
benign conditions gradually diminished. Cur-
rently, certain diagnostic techniques, especially
fluoroscopy, can also involve radiation exposure
in the range implicated in the pathogenesis of
thyroid tumors [6]. Moreover, medically indi-
cated radiation therapy for the treatment of
assorted malignancies, especially acute lympho-
cytic leukemia and Hodgkin’s disease, continues
to be administered. Scattered radiation from the
primary fields of therapy, which transverses
thyroid tissue, results in sublethal thyroid irra-
diation in such patients.

Exposure to g-radiation and higher-energy b-
emitters, such as radioiodines (RAIs), in atomic
fallout is also associated with the development
of TC [7]. The accident at the nuclear power
plant in Chernobyl, Ukraine, on 26 April 1986,

released into the atmosphere approximately
1800 PBq (49 MCi) of 131I, 2500 PBq (68 MCi) of
133I, and 1000 PBq (27 MCi) of 132Te, which decays
rapidly to 132I [8,9]. Of note, released iodine iso-
topes had much shorter half-lives than 131I, but
are believed to be more carcinogenic. As early 
as 4 years after the accident, the incidence of
PTC in pediatric patients in the most contami-
nated region, the province of Gomel, Belarus,
increased dramatically [10,11]. These findings
provide evidence that this marked increase in
the incidence of TC was a direct consequence of
exposure to fallout heavily enriched by radioac-
tive iodine compounds [12]. The short latency
period of 4 years for the development of TC in
this cohort of patients is in contrast to 18+ years
of latency observed in PTCs associated with
other types of radiation exposure [13].

Cytogenetic studies of PTCs and FTCs from
pediatric patients exposed to radiation in
Belarus were performed to study the patho-
genetic mechanisms of carcinogenic induction
by ionizing radiation. Proto-oncogenes encode
protein products that promote cell growth.
When proto-oncogenes undergo activating
mutations, they become oncogenes and con-
tribute to uncontrolled proliferation and
growth. The RET proto-oncogene (human chro-
mosome locus on 10q11.2) encodes a trans-
membrane receptor with a tyrosine kinase
domain (RTK) [14]. The protein product, RET,
is a member of a large class of RTKs that func-
tion as signal transduction molecules to regu-
late cellular function and proliferation [15].
Native transmembrane RET is not expressed 
(or possibly expressed in extremely minute
amounts) in normal follicular thyrocytes. On
the other hand, in some PTCs, chromosomal
rearrangements result in the illegitimate fusion
of the tyrosine kinase domain of RET with 5¢-
located regulatory parts of other ubiquitously
expressed genes, such as ELE1, leading to con-
stitutive activation of the resultant fusion genes,
called RET/PTCs [16]. The products of these
genes, the RET/PTC oncoproteins, exist in the
intracellular compartment of the thyrocyte 
and strongly activate downstream signaling
systems dependent on RET activation, including
the Ras/extracellular signal-regulated kinase
(ERK), phosphatidylinositol 3-kinase (PI3K)/
Akt, p38 mitogen-activated protein kinase
(MAPK), and c-Jun N-terminal kinase (JNK)
pathways [17]. Three main RET/PTC rearrange-
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ments (i.e., RET/PTC1, RET/PTC2, and RET/
PTC3) lead to the production of the correspon-
ding oncoproteins and have been identified in
thyroid epithelial tumors. Of note, additional,
rarer subtypes of RET/PTC exist (RET/PTC4–
RET/PTC8), but are not well studied.

In children in Belarus who developed PTC
after the Chernobyl accident, RET/PTC rear-
rangements were detected in 60–80% of tumors
[18]. This RET/PTC1 rearrangement is corre-
lated with radiation-induced carcinogenesis;
however, it is also observed in 3–35% of spon-
taneous (non-radiation-induced) PTCs [19,20].
Interestingly, although only RET/PTC1 rear-
rangements were observed in adults, both
RET/PTC1 and RET/PTC3 rearrangements were
seen in children of the Chernobyl cohort, with
the latter being slightly predominant [18]. Some
investigators have suggested that the RET/PTC3
rearrangement is preferentially formed after
exposure to high radiation and is related to 
a more aggressive pattern of PTC growth [21].
Point gene mutations of the oncogenes RAS and
GSP (GNAS) were very rarely found in PTCs that
developed after the Chernobyl accident, thereby
differing in that aspect from sporadic cases of
PTC [22,23]. Additionally, a loss of expression of
or mutations in the p53 tumor suppressor gene
was also rare in pediatric PTCs among the Cher-
nobyl cohort [23]. Another cytogenetic change
observed in Belarussian children with TC was
rearrangement of the gene NTRK1 (also known
as TrkA, coding for another RTK; locus on 1q22)
in some of the PTCs [20,24]. Subsequently,
Santoro et al. [25] concluded that activation 
of RTK genes played the predominant role in
thyroid carcinogenesis in these children.

Activating point mutations of the RAS genes
(locus on 11p15.5-p15.1) are frequently found
not only in thyroid follicular adenomas, but also
in FTCs, a finding suggesting that RAS muta-
tions may be an early event in thyroid tumori-
genesis, yielding a morphological phenotype
consistent with follicular formations [26,27].
FTCs can also develop through another distinct
and virtually nonoverlapping molecular path-
way involving another fusion protein, the
product of the Pax8-peroxisome proliferator-
activated receptor (PPARg) oncogene. The latter
is formed though a t(2;3)(q13;p25) transloca-
tion involving the in-frame juxtaposition of the
PAX8 gene, which encodes a paired domain
transcription factor, with the PPARg gene

[28,29]. The downstream signaling pathways
that operate after the formation of an active
Pax8-PPARg oncoprotein are not known at
present but may involve interactions with Wnt,
cyclooxygenase-2, and assorted apoptosis-
regulating systems [30]. Notably, FTCs are quite
rare in children and adolescents, constituting
only about 5% of TCs [31].

Thyroid growth is induced by other stimuli,
including – among others – thyrotropin (TSH),
epidermal growth factor (EGF), fibroblast
growth factor (FGF), vascular endothelial
growth factor (VEGF), insulin-like growth
factor-1 (IGF-1), prostaglandins, and growth
hormone (GH) [32], which are thought to have
a growth-promoting effect in benign thyroid
disease. It is not clear to date that these stimuli
have an effect on the development of WDTC,
with the notable exception of TSH, which is
believed to be a bona fide growth stimulator for
most WDTCs [32].

Survival rates for children with many pedi-
atric malignancies have improved,but the radio-
therapy and chemotherapy used to treat these
children have been implicated in the develop-
ment of secondary TCs in some patients [33,34].
Genetic factors have also been implicated in TC
development, with several reports of a thyroid
growth advantage occurring in familial syn-
dromes (with mutations of the corresponding
responsible genes shown in parentheses), such
as McCune–Albright syndrome (postzygotic
mutations of GNAS; locus on 20q13.2-q13.3);
Pendred syndrome (SLC26A4 or PDS; locus on
7q22–31.1); Peutz–Jeghers syndrome (LKB1 or
STK11; locus on 19p13.3); Cowden syndrome
(PTEN; locus on 10q23.3); Carney complex
(PRKAR1A, locus on 17q22–24); and familial
adenomatoid polyposis coli (FAP), including its
subtype, Gardner syndrome (APC; locus on
5q21) [32,35]. Furthermore, Pal et al. [36] have
suggested that there may be additional, yet
unknown, familial factors that predispose chil-
dren to TC.

Medullary Thyroid Carcinoma
MTC originates in calcitonin-producing cells (C
cells) of the thyroid. C cells are of neuroecto-
dermal origin and do not accumulate iodine.
There exist both familial and sporadic variants
of MTC. Patients with MTC or its precur-
sor condition, C-cell hyperplasia (CCH), have 
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elevated basal plasma calcitonin levels and
exaggerated responses of calcitonin to various
stimuli. Multiple endocrine neoplasia type 2
(MEN2) is an autosomal dominant syndrome
caused by germline mutations of the RET proto-
oncogene and characterized by high penetrance
for MTC [15]. The MEN2A variant is character-
ized by the presence of MTC, pheochromocy-
toma, and hyperparathyroidism [37]. On the
other hand, the MEN2B variant is characterized
by MTC, pheochromocytoma, mucosal gan-
glioneuromas, and a marfanoid habitus [38].
MEN2B is the more aggressive of the two vari-
ants [39]. In the third variant, familial MTC
(FMTC), MTC occurs without other endocrine
neoplasms [40].

Specific codon mutations within the RET
gene are present in each of the above forms of
MTC, correlate with the phenotypic expression
of each familial MTC variant, and partially
determine the aggressiveness of the resultant
malignancies [39]. The RET mutations are
believed to be the initiating event responsible
for the development of neoplasia in MTC devel-
oping in the context of MEN2 syndromes [41].
Additionally, RET mutations are found in as
many as 40% of sporadic MTCs [42]. This also
means that other, yet unknown, genes are
responsible for the development of the remain-
ing 60% of sporadic MTCs. Of note, the over-
whelming majority of MTCs that occur in
childhood are due to either de novo or inherited
mutations of the RET oncogene and, hence,
occur in the context of a familial syndrome [43].

Anaplastic Thyroid Carcinoma
ATCs probably represent the terminal stage in
the dedifferentiation process of WDTCs [44].
The cause of this dedifferentiation is not known.

RAS oncogene activation is a rather frequent
event in ATCs, but it also occurs in WDTCs [27]
as an early event in thyroid tumorigenesis [26].
The p53 gene (locus on 17p13.1) is a tumor sup-
pressor gene and is the most commonly affected
gene in human cancers [45]. The p53 gene
product, the TP53 protein, plays an essential role
in cell cycle regulation, specifically in the tran-
sition from G0 to G1. Inactivating point muta-
tions of p53 are frequently present in anaplastic
TC but not in differentiated TC, suggesting that
p53 mutations play an important role in the pro-

gression from the differentiated to undifferenti-
ated/anaplastic phenotype [45]. ATC is thought
to be exceedingly rare in the pediatric age group
[46], although a very limited number of cases
end up being referred to and managed in terti-
ary comprehensive cancer centers in the United
States, as has been our experience.

Histopathology and Elements
of Biological Behavior
Papillary Thyroid Carcinoma
PTC usually is unencapsulated, well differen-
tiated, and sharply circumscribed from the 
surrounding thyroid parenchyma. PTCs bear
almost pathognomonic cytomorphological
changes, including nuclear grooves, folds, and
invaginations, in addition to central nuclear
clearing [47]. The cancer may be multicentric.
PTC foci have a moderately dense fibrous
stroma and tend to invade the space between
follicles. Psammoma bodies are a cardinal
feature of PTC [47]. The tumors may spread 
to normal surrounding thyroid parenchyma
and regional lymph nodes. However, they are
capable of distant dissemination as well. PTCs
characteristically grow slowly [48].

Follicular Thyroid Carcinoma
FTCs are characterized by well-developed folli-
cles and an absence of well-defined papillae.
They are usually encapsulated and show a
marked tendency toward vascular invasion [47].
These malignancies typically spread hematoge-
nously to lung and bone, and more rarely to the
central nervous system (CNS) and elsewhere
[48].

Medullary Thyroid Carcinoma
MTCs vary in size from those that are barely
visible grossly to those that replace the entire
thyroid gland. Most MTCs (both sporadic and
familial) are unencapsulated and show a solid
pattern of growth. They exhibit a wide spec-
trum of histological patterns that mimic other
types of thyroid malignancies. The presence of
amyloid and positive immunohistochemical
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reactions for markers of neuroendocrine differ-
entiation are diagnostic. CCH is usually present
either adjacent to the carcinoma or at a distance
from it. MTCs occurring in the context of famil-
ial syndromes characteristically involve both
lobes [47]. MTCs initially metastasize to lymph
nodes of the neck and mediastinum. The tumor
may replace an entire lobe and extend into
perithyroidal soft tissues. Distant dissemination
can occur to the lung, bone, liver, and CNS or
rarely to more atypical locations [48].

Anaplastic Thyroid Carcinoma
ATCs are usually large and widely invasive.
Three major distinct microscopic morphologi-
cal patterns exist: (1) squamoid, (2) spindle cell,
and (3) giant cell [47]. The tumor usually
replaces a significant portion of the thyroid
parenchyma, occasionally enough to cause
thyroid failure (hypothyroidism). ATC is one of
the most lethal human malignancies. It spreads
aggressively and diffusely into the tissues of the
neck. Distant dissemination usually occurs
rapidly to lung, bone, liver, CNS, and other sites
[44].

Clinical Features
Most pediatric patients with TC present with a
solitary thyroid nodule, multinodular goiter, or
cervical lymphadenopathy [35]. Single or multi-
ple nodules of the thyroid gland are rather
uncommon in pediatric patients, in contrast to
their higher prevalence in adults. Furthermore,
in children and adolescents, the implications 
of a solitary thyroid nodule are different from
those of multiple nodules. The risk of malig-
nancy is supposedly lower in a thyroid gland
with discrete multiple nodules than in a solitary
thyroid nodule. However, Garcia et al. [49]
reported on 16 children and adolescents with
multiple thyroid nodules; 4 (25%) of the
patients had carcinoma. Of those 4, FTCs were
found in 3 of the patients (1 of whom had a
history of radiation therapy to the neck and
upper chest), and 1 patient (with no history of
exposure to radiation) had a PTC.

It is not always possible to define clinically
that a single thyroid nodule is indeed solitary.
In fact, more than 50% of thyroid glands, judged

on physical examination to contain a single
nodule, are found by ultrasonography (U/S) or
surgical exploration to harbor more than one
nodule. Table 23.1 lists the differential diagno-
sis of a solitary thyroid nodule in pediatric
patients. Table 23.2 lists the underlying causes 
of multinodular goiter that develops during
childhood and adolescence.

Table 23.1 Differential diagnosis of solitary thyroid nodules in
children and adolescents

• Adenomas
Follicular
Colloid
Toxic

• Carcinomas
Papillary
Follicular
Mixed papillary-follicular
Medullary
Anaplastic

• Other tumorous conditions
Chronic lymphocytic thyroiditis (pseudonodules)
Cysts
Abscesses

• Developmental anomalies
Agenesis of one lobe
Intrathyroidal thyroglossal duct cyst

Table 23.2 Differential diagnosis of multinodular thyroid
disease in children and adolescents

• Chronic lymphocytic thyroiditis
• Thyrotoxicosis-associated

Native (before medical therapy)
Secondary to medical therapy

• Infections
Bacterial
Viral

• Multiple follicular adenomas
• Cysts

Colloid
Adenomatous

• Iodine deficiency
• Nodular hyperplasia
• Goitrogen-induced nodules
• Inborn errors of thyroid hormone synthesis
• Carcinoma secondary to radiation therapy
• Medullary thyroid carcinoma in the context of genetic

syndromes
• Thyroid lymphoma (extremely rarely)
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Initial Diagnosis
History-Taking and Physical
Examination

The history-taking is important and should
include questions about external irradiation to
the head, neck, and upper chest. A history of
goitrogen exposure should be also sought.
Information regarding the rate of growth of the
mass or masses, local or systemic symptoms,
and hoarseness or dysphagia should be ob-
tained. The family history should be explored
for the presence of thyroid disease, hyper-
parathyroidism, and features compatible with
pheochromocytoma. Rapid painless growth of a
nodule suggests the presence of carcinoma. Pain
or tenderness in the thyroid gland is an unusual
complaint in the context of a malignancy but
may be severe in postviral (subacute) or suppu-
rative thyroiditis. A rapidly enlarging nodule
with transient pain suggests hemorrhage into a
cyst.

Careful palpation of a thyroid nodule helps
define its nature. A soft, compressible nodule is
less likely to be malignant, and more likely to be
a cyst. However, some cysts can be quite firm on
palpation. Conversely, some PTCs undergo
cystic degeneration. Tenderness in a nodule
suggests hemorrhage into a cyst or an inflam-
matory process. Malignancy should be sus-
pected if the nodule is hard or if there is fixation
to surrounding structures or vocal cord paraly-
sis. Lymphadenopathy, particularly low in the
neck and away from the midline, increases the
likelihood of malignancy. In most pediatric
patients with a malignant nodule, the sur-
rounding thyroid tissue feels normal, and the
gland is not globally enlarged.

Children with MTC generally have no clini-
cal symptoms but are rather evaluated either
because they have a thyroid nodule or palpable
cervical lymphadenopathy, or – more com-
monly – because they are a member of a kindred
affected with MTC and are found to have either
a positive RET germline mutation or increased
plasma calcitonin levels. Patients with MEN2A
have a normal appearance; whereas those with
MEN2B have marfanoid body build and demon-
strate multiple neuromas of the lips, eyelids, and
tongue. In MEN2B, slit-lamp examination of the
cornea may show enlargement of the corneal

nerves. Moreover, ganglioneuromas may be
present throughout the gastrointestinal tract
and cause symptoms, including constipation
and diarrhea, the latter often beginning in
infancy.

Biochemical Indices
In general, there is no blood test that is of value
in the initial diagnosis of WDTC or ATC. Never-
theless, serum-free thyroxine (free T4), total (or
free) triiodothyronine (T3), and TSH determi-
nations are helpful in determining the func-
tional status of the thyroid gland. It should be
mentioned that the degree of hyperthyroidism
due to a toxic nodule may not be sufficiently
severe to allow diagnosis on clinical grounds
alone. Hypothyroidism should be excluded
because, if secondary to chronic lymphocytic
(Hashimoto’s) thyroiditis, it can be associated
with solitary or multiple nodules. Serum thy-
roglobulin (Tg) levels can be elevated in
patients with WDTC but are also elevated in a
variety of benign thyroid disorders. Thus, the
measurement of serum Tg is not helpful at the
outset (unless of course one knows the diagno-
sis of TC); however, it is of great importance in
the follow-up of patients with WDTC after
initial therapy (see below).

Measurement of plasma calcitonin, both
basally and in response to calcium with or
without pentagastrin, permits the detection of
MTC in some patients before the appearance of
any clinical signs or symptoms of this malig-
nancy, as it does in adults [50]. Until the recent
advent of RET mutation genetic testing, sti-
mulated calcitonin testing was of paramount
importance in the screening of MTC family
members who were at risk for C-cell disease.
Unfortunately, this biochemical testing does not
identify all patients at risk [51]. The stimulation
test may be performed by giving the patient 
an infusion of calcium gluconate (2 mg/kg) 
and pentagastrin (0.5mg/kg) over a period of 1
minute. The plasma calcitonin level is measured
1, 2, 3, 5, and 6 minutes after the infusion [50,52].
Abnormal basal and stimulated plasma calci-
tonin values must be obtained from the refer-
ence laboratory performing the study. Of note,
pentagastrin is no longer available in the United
States (internet site: http://www.fda.gov/cder/
rxotcdpl/pdpl_200204.htm, last accessed 3 July
2004), although the National Institutes of Health
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Drug Information Service is currently working
closely with the Food and Drug Administration
Gastrointestinal Diseases Division to facilitate
its future availability.

Molecular diagnostic testing for the identifi-
cation of mutations in the RET proto-oncogene
allows the identification of patients who are
gene carriers and are thus predisposed to CCH
and MTC [51,53]. This knowledge allows pro-
phylactic thyroidectomy to be performed before
any neoplastic changes develop [54,55]. Molec-
ular genetic testing is more specific than 
biochemical testing and should replace bio-
chemical testing when possible.

Radionuclide Imaging
The traditional approach to evaluating patients
with nodular thyroid disease has been radioiso-
tope scintigraphy, aiming to classify nodules as
“cold,” “hot,” or “warm,” depending on their
ability to concentrate the isotope. Scanning can
be done with 123I or technetium-99m pertechne-
tate (99mTc). Unfortunately, the value of such
scans is limited by their inability to reliably 
differentiate between benign and malignant
disease. However, scintigraphy can rule out the
presence of developmental anomalies, such as
agenesis of a lobe (with compensatory hyper-
trophy of the contralateral lobe), presenting
clinically as a solitary nodule.

A solitary toxic nodule may be toxic or non-
toxic and may or may not be autonomous in
function.“Hot” (hyperfunctioning) nodules that
do not lead to clinically apparent hyperthy-
roidism typically increase their secretion of
thyroid hormones (THs) gradually and insidi-
ously until symptoms emerge. In pediatric
patients, there is a more rapid progression to
hyperthyroidism and a higher incidence of
hyperfunctioning TCs than in adults [56].
Therefore, it has been recommended that all
“hot” solitary thyroid nodules in pediatric
patients be removed surgically [56].

The above notwithstanding, in a study of 93
pediatric patients with solitary thyroid nodules,
77 of 93 nodules (82.8%) were scintigraphi-
cally “cold” (hypofunctioning) [57]. The most
common solitary “cold” nodule in childhood is
follicular adenoma, again in contradistinction
to adulthood, in which “cold” nodules are
usually due to nodular (colloid or hyperplastic)
goiter. It is the patient with a “cold” nodule who

presents the greatest clinical problem in differ-
entiating a benign from a malignant nodule,
because such nodules can underlie TCs, chronic
lymphocytic thyroiditis, cysts, follicular adeno-
mas, abscesses, hypofunctioning nodular goiter
areas, or embryonic defects [57]. The highest
incidence of TCs occurs in patients with “cold”
solitary nodules, but certainly not all “cold”
nodules represent TCs.

Ultrasonography
U/S examination of the thyroid provides an
accurate means of assessing thyroid size and the
presence, number, and size of thyroid nodules.
U/S can also distinguish solid from cystic
nodules and is more sensitive than radionuclide
scintigraphy in detecting multiple nodules.

Cystic lesions are generally considered
benign. Most cysts result from necrosis and
degeneration of nodules. In a series of 12 pedi-
atric patients with TC reported on by Desjardin
and associates [58], nearly half had cystic
nodules. Aspiration of all cystic nodules is rec-
ommended for both diagnosis and therapy [57].
Of note, cystic degeneration of PTCs is thought
to occur more frequently in children and ado-
lescents than in adults [59].

Response to Thyroid Hormone
Suppression Therapy
The rationale for thyroid hormone suppression
therapy (THST) is based on evidence that TSH
is the main stimulator of thyroid growth and
function, at least in normal thyrocytes [60]. It is
not clear whether long-term levothyroxine (L-
T4) therapy to partially suppress TSH is effective
in treating thyroid nodules, which are of course
composed of neoplastic (not normal) thyroid
tissue [61]. The use of high dose L-T4 to fully
suppress TSH in patients with benign thyroid
disease is neither beneficial nor completely safe
[62]. Therefore, THST for unknown nodular
thyroid disease is not recommended for pedi-
atric patients.

Biopsy
There has been increased and successful use of
fine-needle aspiration biopsy (FNAB) in pedi-
atric patients with thyroid nodules [63,64].
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FNAB in pediatric patients must be performed
by a person competent in aspirating thyroid
nodules working closely with an experienced
cytopathologist. FNAB is recommended if a
solid solitary nodule is present and there is 
no suspicion of malignancy on the basis of
the patient’s history or physical findings. Even 
if there are telltale signs of malignancy (e.g.
fixation, palpable lymph node metastases),
FNAB is still indicated for the exact diagnosis of
the type of malignancy, because initial surgical
therapy approaches can differ depending on the
type of carcinoma. If an experienced person to
perform the FNA and cytopathologist are not
available or repeated FNAB samples are unsat-
isfactory or nondiagnostic, open surgical biopsy
(including a core tissue biopsy) or ipsilateral
thyroid lobectomy is recommended.

Initial Treatment and 
Long-Term Management 
of Pediatric TC
Well-Differentiated Thyroid
Carcinoma
There is continuing controversy regarding the
optimal management of children and adoles-
cents with WDTC because of the rarity of this
malignancy and various almost unique features
associated with it. These features include (1)
more aggressive behavior with regard to locore-
gional extension than is seen in adults with TC;
(2) a tendency to metastasize early; and (3)
despite those factors, a usually good long-term
prognosis with an overall 15-year survival rate
exceeding 95% [65]. There are no prospective
randomized clinical trials to guide the clinician
in the management of pediatric patients with
WDTC. It is unlikely that such trials will ever be
conducted, given the small number of patients,
the slow progression of the disease, and the
overall good prognosis. The most controversial
aspect of management is the extent and aggres-
siveness of treatment required, which mainly
includes surgery and 131I.

Surgery

Surgery is the primary therapy for WDTC in
pediatric patients [66]. Controversy exists as to

whether total (or near-total) thyroidectomy
(T/NTT) or subtotal thyroidectomy should be
the procedure of choice [67]. Although there is
very seldom an indication for radical neck dis-
section in pediatric patients, extensive func-
tional neck dissection for removal of infiltrated
lymph nodes is certainly warranted in selected
cases [68]. Regardless of the surgical procedure,
surgery should be performed by an experienced
thyroid surgeon, preferably one familiar with
the anatomic vagaries of the pediatric neck. A
few surgeons recommend subtotal thyroidec-
tomy because they believe that the literature has
not provided enough support for the conclusion
that T/NTT leads to better survival than more
conservative procedures [69]. This group of sur-
geons also makes the argument that T/NTT may
increase the incidence of serious complications,
such as permanent hypoparathyroidism and
recurrent laryngeal nerve damage.

Most surgeons currently perform T/NTT in
pediatric patients with WDTC on the basis of a
favorable interpretation of the available data
suggesting that this type of surgery reduces the
rate of local recurrence [70,71]. In addition, they
point to the well-known frequent occurrence of
multiple, bilateral foci of papillary microcarci-
noma in the glands of patients with PTC [72].
T/NTT increases the sensitivity of diagnostic
RAI whole-body scanning (WBS) at the time of
ablation therapy and improves the efficacy of
subsequent 131I therapy. This assumption is
based on the fact that normal thyroid tissue
concentrates RAI much more efficiently than
WDTC tissue. Also, serum Tg levels are sig-
nificantly lower after T/NTT than after more
conservative procedures, thereby allowing this
tumor marker to be used as a more sensitive
indicator of residual or recurrent disease. After
thyroidectomy and 131I therapy, patients are typ-
ically placed on THST.

Radioactive Iodine

Depending on the amount of postoperative
normal thyroid remnant, any coexisting WDTC
metastases may or may not be detected at the
time of a diagnostic RAI WBS [73].Additionally,
without ablation of the thyroid remnant, the
treatment of metastases may be less effective,
because normal thyroid tissue accumulates 131I
more efficiently than does WDTC. Therefore, we
and others recommend the routine ablation of
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postoperative thyroid remnants [66,74]. Such
ablative therapy has been successful in most
pediatric patients after a single dose of 131I [74].
Some clinicians recommend obtaining an RAI
WBS 5 to 7 days after the ablation dose of 131I
[66,75]. Usually, this scan visualizes the thyroid
remnant, but it may also reveal previously
unsuspected areas of local or disseminated
disease, which can be managed with further 131

I treatment [75].
After surgery and 131I thyroid remnant abla-

tion, a diagnostic WBS is recommended to
assess the need for further RAI therapy; this
should be performed 9–12 months after the
remnant ablation and in conjunction with meas-
urement of serum Tg [66]. In preparation for 
the diagnostic RAI WBS, patients are made
hypothyroid over a period of 6 weeks. This is
achieved through the implementation of various
protocols to abrogate the deleterious effects of
this prolonged iatrogenic hypothyroid state. We
recommend the administration of L-triiodothy-
ronine (liothyronine, L-T3) at 1.0–1.2mg/kg per
day, divided into two or three doses, for the first
4 weeks of the 6-week treatment with the hypo-
thyroid preparation. To increase the affinity of
any thyroid tissue for RAI, a low iodine diet may
be instituted (daily iodine content of about
50–75mg) for the 2–3 weeks before the scan [66].
Patients who take L-T4 after thyroidectomy
should discontinue it and start L-T3 for 4 weeks,
as described above. L-T3 is discontinued 2 weeks
before the diagnostic RAI WBS. The serum TSH
level should be higher than 25mU/mL (as meas-
ured by a third-generation assay) to optimize
iodine uptake by the thyroid tissue, if any exists
at the time of the scan.

In an effort to bypass the need to induce
hypothyroidism (with all its associated mor-
bidities), an increasing number of adult endo-
crinologists administer recombinant human
TSH (rhTSH) while the patients remain on L-T4

therapy in preparation for a follow-up evalua-
tion [76]. It has to be noted that, at present, the
use of rhTSH in pediatric patients has not 
been approved by the US Food and Drug
Administration.

The diagnostic RAI WBS can be performed
using either 131I (18–74 MBq; 0.5–2 mCi) or 123I
(5.6–37 MBq; 150–1000mCi) as the tracer; quan-
titative uptakes can be measured at 24 h (and at
48 h and 72 h if 131I is used) [77]. Some clinicians
prefer to use larger doses of 131I to increase the

sensitivity of the diagnostic WBS, but most
WDTC metastatic lesions amenable to 131I
therapy are unlikely to be missed after T/NTT
using the above-mentioned doses of diagnostic
131I tracer, especially when the scan data are
interpreted in combination with the measure-
ment of serum Tg under hypothyroid condi-
tions.Additionally, the use of larger 131I scanning
doses may result in thyroid stunning. This phe-
nomenon occurs when the radiation dose from
131I that has been administered for an imag-
ing study results in a lower uptake of 131I given
subsequently for remnant ablation or WDTC
therapy [78]. There is no well-documented evi-
dence that 131I tracer doses of less than 74 MBq
(2 mCi) cause stunning, especially in WDTC
tissue. Therefore, after thyroidectomy, it has
been recommended that imaging be done with
a maximum of 74 MBq (2 mCi) of 131I in children
and adolescents [73] or that 123I be used instead.

Yeh and La Quaglia [74] have reported that
most institutions treating pediatric patients
with WDTC use empirically determined fixed
doses of 131I for therapy. The therapeutic dose of
131I can be estimated on the basis of body surface
or total body weight, as suggested by Reynolds
[79], appropriately modifying the fixed 131I dose
protocols used in adults established by the 
University of Michigan group more than 25
years ago [80]. Maxon [81] proposed another
approach to estimating the dose of 131I adminis-
tered for therapy in pediatric patients that
involves the use of quantitative blood and whole
body dosimetry. This method is more compli-
cated than using the empirical, fixed-dose
method and is not widely used.

The few reports of immediate side effects and
complications in pediatric patients treated with
131I have been reviewed by Yeh and La Quaglia
[74]. Early side effects include painful swelling
of the remnant tissue or metastases, nausea,
vomiting, acute swelling of the salivary glands,
and transient loss of taste and smell. Transient
bone marrow suppression may occur, resulting
in leukopenia or thrombocytopenia, with a
blood count nadir occurring approximately 6–8
weeks after therapy. A complete blood count
should be obtained at baseline and at 6–8 and
10–12 weeks after therapy. Pulmonary fibrosis
can occur after therapy for pulmonary metas-
tases, especially if doses exceed 118 MBq/kg
body weight (3.2 mCi/kg) or if there is RAI
retention in the lung parenchyma of more than
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40 MBq/kg (1.1 mCi/kg) 48 h after RAI therapy
[78]. There is a paucity of data regarding com-
plications that may appear many years or even
decades after therapy. The long-term complica-
tions reported to date have been reviewed by
Wiersinga [82].

Total cumulative lifetime doses of 131I are gen-
erally kept below 18.5 GBq (500 mCi) in children
and about 30 GBq (800 mCi) in adolescents
[83,84]. Larger cumulative lifetime RAI doses
are more likely to be associated with serious
long-term complications, including permanent
bone marrow suppression and an increase in the
subsequent development of leukemias, although
the latter possibility has yet to be verified in the
context of pediatric WDTC patients. Yet, even if
the above relative thresholds have been reached,
additional RAI therapies may be administered
with great caution, depending on the individual
patient’s clinical status [66].

The risk of inducing secondary solid tumors
after RAI therapy in children and adolescents is
probably small, although primary data on this
are not available. The most comprehensive
study of the outcome of pregnancies in women
who received 131I for the treatment of WDTC was
published by Schlumberger et al. [85]. Their
data on 2130 pregnancies showed no evidence
that such therapy affected the outcome of sub-
sequent pregnancies, with the exception of a
small increase in the frequency of miscarriages
during the first year after therapy.

It should be noted that, although RAI therapy
has been proven to reduce both recurrence and
mortality in adults with WDTC [48,86], there
has been no formal demonstration of equivalent
benefits from this therapy in children and ado-
lescents with these tumors [87]. This absence of
solid proof of the efficacy of RAI therapy after
initial surgery and remnant ablation is probably
due to both the epidemiology of WDTC and its
natural history features, possibly along with yet-
unidentified factors. Nevertheless, most special-
ists still would consider treating unresectable,
RAI-avid, residual/recurrent WDTC deposits
with at least one high dose of RAI therapy and
monitoring the degree of the resultant antitu-
mor effect [66,74].

Thyroid Hormone Suppression Therapy

Many clinicians prescribe L-T4 therapy immedi-
ately after thyroidectomy to prevent hypothy-

roidism and suppress TSH secretion. Other 
clinicians prefer that their patients become
hypothyroid soon after surgery and, hence,
forgo L-T4 therapy to prepare for RAI diagnos-
tic studies and serum Tg measurements [66].
THST is based on the assumption that the 
suppression of endogenous TSH deprives
WDTC cells of the TSH-dependent stimulation
of growth and proliferation. The dose of L-T4

used to achieve THST is higher than that given
for TH replacement in patients with sponta-
neously occurring primary hypothyroidism
[88]. The physiological replacement dosage of L-
T4 during late childhood and adolescence is
approximately 1–3mg/kg per day or 100mg/m2

per day (or even higher in early childhood), and
is typically given orally once daily. The L-T4

dosage to fully suppress serum TSH in children
and adolescents is approximately 2.5–5.0mg/kg
per day (150–175mg/m2 per day), which is
usually higher than the corresponding weight-
relative dose in adults.

In parallel with the lack of concrete evidence
that RAI therapy has definite benefits in pedi-
atric WDTC, there is lack of data regarding the
formal demonstration of survival benefits and
prevention of morbidity with THST [87]. On 
the other hand, THST is associated with fewer
side effects (both short- and long-term) than
RAI therapy, and has been proven beneficial in
adults [86,89; unpublished data from the
National Thyroid Cancer Treatment Coopera-
tive Study Registry, Houston, TX]. Furthermore,
there is a strong biological basis for its long-
term use in the context of WDTC management
[89]. Hence, THST remains a standard method
of medical treatment after initial therapy of
pediatric WDTC with surgery and RAI remnant
ablation. Its degree and duration, especially 
in the low risk patient with PTC, remain 
controversial [66].

Other Therapies

External beam radiation therapy (EBRT) is
rarely used in pediatric patients but may 
be indicated in select patients with advanced
disease who are unresponsive to any other
modalities, especially if there is a history of mul-
tiple prior neck dissections and the disease is
imminently threatening the integrity of local
structures. EBRT may slow rapid tumor growth
but rarely leads to eradication of WDTC [90].
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There has been very little experience with the
use of chemotherapy in pediatric patients.
However, combination chemotherapy (either
with doxorubicin-based schemes or with a
paclitaxel-carboplatin regimen) might be tried
in select cases in rapidly growing, widely meta-
static disease with no other means of clinical
control [91; T. Fojo, National Cancer Institute,
Bethesda, MD, personal communication; M.
Kies, The University of Texas – M. D. Anderson
Cancer Center, Houston, TX, personal commu-
nication]. Recent data from molecular pathol-
ogy studies of pediatric PTC specimens have
suggested that at least some refractory PTCs in
children and adolescents may show responses to
the novel fluoropyrimidine capecitabine [92];
however, this assumption has yet to be tested
clinically. Chemotherapy should be performed
under the guidance of a pediatric oncology spe-
cialist, preferably in a tertiary comprehensive
cancer center.

Longitudinal Follow-up

Measurement of serum Tg is the most impor-
tant test for the detection of disease persist-
ence/recurrence in patients with WDTC after
total thyroidectomy and 131I thyroid remnant
ablation [93,94]. The presumption is that, after
thyroidectomy and RAI ablation and while the
patient is receiving THST, the serum Tg should
be undetectable. Serum Tg determinations are
unreliable in the presence of serum antithy-
roglobulin (anti-Tg) antibodies [95], because
those antibodies interfere with the Tg assay.
Thus, it is essential to screen for the presence of
these antibodies to avoid misinterpretation of
the measured Tg levels. Serum Tg levels should
be obtained both while on THST and under con-
ditions of TSH stimulation, either after L-T4

therapy has been withdrawn for 5–6 weeks 
or after rhTSH administration. Kirk et al. [93]
have suggested that in the absence of resid-
ual/recurrent or metastatic WDTC, serum Tg
levels measured under hypothyroid conditions
should be less than 10.0 ng/mL, thus setting a
threshold below which patients can be desig-
nated as having no evidence of disease (NED).
We suggest the use of an even more sensitive
cutoff Tg level of 8.0 ng/mL [66]. Although not
specifically validated in children and adoles-
cents, according to a recent consensus report in
adults, the corresponding serum cutoff Tg level

after rhTSH stimulation, above which suspicion
of residual/recurrent or metastatic disease is
raised, is 2.0 ng/mL [94]. Conversely, patients
with a history of WDTC (after primary therapy)
who have post-rhTSH serum Tg levels lower
than 2.0 ng/mL could be safely considered in
NED status (in the absence of any other evi-
dence of residual/recurrent disease).

Patients should be evaluated every 9–12
months for the first 18–24 months after the
initial thyroid surgery and RAI therapy with
serum Tg level determination, diagnostic RAI
WBS, chest X-ray (CXR), and neck U/S [66].
Additionally, free thyroxine and TSH levels
should also be obtained with the same fre-
quency to ensure adequate (yet judicious)
THST. During these serial follow-up evalua-
tions, if a diagnostic RAI WBS is obtained, the
necessity to repeat RAI therapy is determined
by a synthesis of clinical and scintigraphic data
and by the stimulated serum Tg level. If the
diagnostic RAI WBS shows residual neck activ-
ity or extracervical disease, then repeat RAI
therapy is usually indicated. If macroscopic,
abnormal-appearing cervical lymph nodes are
present, surgical removal is indicated, followed
by repeat 131I therapy. If the serum Tg levels 
or the diagnostic WBS are positive for disease,
then repeat 131I therapy is indicated (assuming
an absence of macroscopic disease deposits
detectable on neck U/S, which would be amen-
able to surgical extirpation) [96]. If the diag-
nostic RAI WBS is negative but the serum Tg
level under hypothyroid conditions is higher
than 8.0 ng/mL, there is a high probability 
that residual/recurrent WDTC is present. Some
researchers recommend empiric treatment 
of such patients with the pattern of scan-
negative/Tg-positive disease with RAI on the
basis of observations in adults with a similar
pattern of WDTC, in whom there is a 40–50%
probability of obtaining a positive posttherapy
RAI WBS. In such patients with a positive post-
therapy scan, as many as 30% of them experi-
enced subsequent further reductions in serum
Tg levels, demonstrating at least a partial anti-
tumor effect of the prior RAI therapy adminis-
tered [95]. RAI therapy is usually repeated every
9–12 months, until the serum Tg level and diag-
nostic RAI WBS both indicate that functional
thyroid tissue is no longer present or until a
maximal cumulative dose of 131I has been
administered. If the maximal lifetime cumula-
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tive dose levels of RAI are reached, then further
use of RAI needs to be very carefully evaluated
on the basis of the patient’s clinical status [66].

For patients who remain in NED status after
the first 18 months, it has been recommended
that three to four additional annual follow-up
evaluations (with diagnostic RAI WBS, serum
Tg assay, neck U/S, and CXR) be performed, fol-
lowed by another thorough evaluation 3 years
later (assuming that the patient continues to
remain in NED status at all times) [66]. If the
patient remains disease-free, the next evaluation
should be 3–5 years later and, subsequently,
every 5 years. Thyroid function and serum Tg
levels while on THST should be monitored on a
yearly basis for life.

Of note, CXRs typically have been obtained
every 6 to 12 months after the initial surgery to
detect pulmonary metastases. Unfortunately,
CXRs are not sensitive in detecting lung
parenchymal metastatic deposits early enough
in most patients; these deposits may be
detectable only on RAI WBS [97,98]. The role 
of neck and mediastinal magnetic resonance
imaging and nuclear medicine scanning using
radionuclides other than 131I (including positron
emitters, such as 18F-fluorodeoxyglucose) in the
follow-up evaluation of pediatric patients with
WDTC has not been validated [66].

It must be emphasized that life-long follow-
up is essential, because delayed recurrence is
possible, even in the face of serial follow-up
evaluations that deemed the patient “free-of-
disease” prior to the time of the recurrence.
Finally, it is extremely important to transfer care
to an adult endocrinologist when the patient
reaches adulthood. The suggested scheme for
pediatric WDTC long-term follow-up is shown
in Figure 23.1.

Medullary Thyroid Carcinoma
Total (or near-total) thyroidectomy with resec-
tion of the central cervical lymph node com-
partment (in multiple anatomical levels (II–VI))
is the procedure of choice for initial therapy in
patients with MTC [39,99]. T/NTT is indicated
because MTC is often multifocal. Life-long
replacement L-T4 therapy is necessary postop-
eratively. In addition to regional lymph nodes,
other common sites of metastases include the
lung, liver, bones, and CNS. Therefore, these sites
of potential spread need to be screened using

imaging methods at the time of initial presen-
tation, as indicated by the clinical features and
degree of elevation in plasma calcitonin levels in
each case. All patients with MEN2 syndromes
should be screened for pheochromocytoma. If
pheochromocytoma is present, bilateral adrena-
lectomy may be necessary because of the multi-
centricity and bilaterality of these tumors in the
context of MEN2 syndromes. Once a patient has
been diagnosed as having MEN2A/MEN2B or
FMTC through RET proto-oncogene mutation
testing, such testing should be performed on all
living relatives, to detect gene carriers who are
predisposed to CCH and MTC [39]. Molecular
genetic testing permits early identification of
gene carriers before MTC becomes clinically
apparent, thus allowing for prophylactic total
thyroidectomy and additional surgical proce-
dures as necessary [39,99]. RET germline muta-
tion testing has replaced plasma calcitonin
testing as the study of choice for the detection
of gene carriers in MEN2 pedigrees [53].

The ideal age at which prophylactic T/NTT
should be performed in children with RET
germline mutations remains controversial. In
the recent past, some clinicians have recom-
mended surgery in carriers of RET mutations
associated with MEN2B within the first year of
life and for carriers of RET mutations associated
with MEN2A by 5 years of age [100]. Heptulla et
al. [54] proposed prophylactic T/NTT during
the first decade of life in patients with FMTC.

A recent consensus conference suggested
variable timing of the surgery depending on the
actual codon of the RET gene where the muta-
tion is located [39], as follows:

• Children with MEN2B and/or RET codon
883, 918, or 922 mutations are classified as
having the highest risk for aggressive MTC
development (level 3 risk) and should have
T/NTT within the first 6 months – prefer-
ably within the first month – of life.

• Children with RET codon 611, 618, 620, or
634 mutations are classified as having a
moderately high risk for aggressive MTC
development (level 2 risk) and should have
T/NTT performed before the age of 5 years.

• Children with RET codon 609, 768, 790,
791, 804, or 891 mutations are classified as
having the lowest risk of aggressive MTC
(level 1 risk). There is little consensus on
the management of patients with these
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mutations. Some advocate T/NTT by the
age of 5 years. Others suggest that thy-
roidectomy by age 10 is appropriate. Still
others recommended periodic pentagas-
trin-stimulated calcitonin testing with
surgery at the first occurrence of an abnor-
mal test result.

The above guidelines were corroborated by the
recent finding that the risk of age-related pro-

gression from CCH to MTC is dependent upon
the transforming potential of the individual RET
mutation [101,102]. Postoperative EBRT may be
offered to patients with high risk of recurrence
in the thyroid bed and to those with cervical,
supraclavicular, or mediastinal lymphadenopa-
thy [103]. Of note, RAI ablative therapy has no
role in the postoperative management of MTC.

Peripheral levels of calcitonin and carci-
noembryonic antigen (CEA) are used for mon-

WDTC DIagnosis Total/Near-Total Thyroidectomy RAI ablation therapy

Post-Rx RAI WBS

Long-term THST

Neck U/S
and CXR

(or chest CT w/o IV contrast)

Anatomically
definable disease?

INITIAL Rx

Yes

9 mos

Repeat neck +/- mediastinal
dissection

No

Serum Tg under
Hypothyroid conditions > 8 ng/ml

YesDiagnostic RAI WBS
Positive?

Treat with RAI

No

Hypothyroid preparation

FDG-PET scan (optional) **

Treat with RAI (debatable)

Post-Rx RAI WBS

Post-Rx RAI 
WBS

FIRST post-
ablation

follow-up visit

Yes

Long-term THST
Subsequent

Follow-up 
visits

Restaging

Neck U/S
and CXR

(or chest CT w/o IV contrast)

Anatomically
definable disease?

Yes Repeat neck +/- mediastinal
dissection

9-12 mos

No

Serum Tg under
rhTSH stimulation conditions > 2 ng/ml

YesDiagnostic RAI WBS
Positive?

Render Hypothyroid
and treat with RAI *

No

rhTSH administration

FDG-PET scan (optional) **

Render Hypothyroid
and treat with RAI* (debatable)

Post-Rx RAI 
WBS

Yes

No

2-3 mos

2-3 mos

Post-Rx RAI 
WBS

No

Establish
NED status
and confirm

at each 
successive
evaluation

Figure 23.1 Algorithm for the follow-up of pediatric patients with well-differentiated thyroid carcinoma (WDTC) after total/near-
total thyroidectomy and initial 131I remnant ablation. In the proposed scheme, special emphasis is placed on the detection and erad-
ication – whenever feasible – of persistent/recurrent metastatic disease in all patients who do not achieve no evidence of disease
(NED) status. Different cutoff serum Tg values are used as corroborating evidence of residual/recurrent disease, depending on how
TSH stimulation is achieved (thyroid hormone withdrawal versus recombinant human thyrotropin (rhTSH) administration). For more
details, refer to the text. Abbreviations: CT: computed tomography, CXR: chest X-ray, FDG-PET: 18F-fluorodeoxyglucose positron emis-
sion tomography, IV: intravenous, RAI: radioiodine (131I), Rx: therapy,TH: thyroid hormone,THST: thyroid hormone suppressive therapy,
U/S: ultrasonography, WBS: whole-body scan, w/o: without; mos, months.
* RAI treatment can also be administered under stimulation with rhTSH. This is an “off-label” use of rhTSH, and should be preferably
limited to tertiary center specialists with experience in the treatment of pediatric TC.
** The benefits of using FDG-PET for diagnostic purposes in pediatric TC patients should be balanced against the radiation exposure
from the administration of FDG (a positron emitter). Hence, the use of FDG-PET scans in pediatric TC patients should be preferably
limited to tertiary center specialists.
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itoring disease activity after the initial opera-
tion. Patients with persistently elevated or rising
calcitonin levels have residual or recurrent
metastatic disease, and, in these cases, addi-
tional imaging should be performed for local-
ization of the disease, which could lead to
further surgical treatment. Imaging is usually
done with conventional modalities, such as neck
U/S and CT/MRI, although 111In-pentetrotide
can also be of considerable help [104].

Anaplastic Thyroid Carcinoma
ATC typically presents clinically as a rapidly
enlarging neck mass in the thyroid area. This is
usually associated with compression signs, such
as dyspnea and dysphagia. The duration of the
disease is short, ranging from a few weeks to a
few months. At the time of diagnosis, at least
50% of patients harbor metastases in the lung,
bone, or brain [44]; these sites of potential
disease spread should be carefully screened at
the time of initial diagnosis. Surgical excision is
the first line of therapy, although in most cases
the tumor is so widespread or invasive that total
removal is impossible. Nevertheless, surgery
may be necessary to relieve compression symp-
toms. 131I and THST are completely ineffective
for ATC therapy, while multidrug chemotherapy
(doxorubicin- or paclitaxel-based) has very
minimal or no impact in prolonging survival
[105]. The disease is universally lethal within a
few months of diagnosis, regardless of the appli-
cation of aggressive multimodality treatment
[106].

Prognosis of Pediatric TC
Well-Differentiated Thyroid
Carcinoma
The prognosis for pediatric patients with
WDTC is better than for adults with same
disease stage. The survival of children and ado-
lescents until 1970 was approximately 82% at 20
years [106], but in four series published in the
late 1980s, survival rates of more than 95% at
15–20 years were reported [86,107–109]. The
presence of distant metastases does not neces-
sarily portend a poor prognosis. In a series of
young patients who presented with distant

metastases (reported in 1988 from the Mayo
Clinic), only 14% died by 15 years, compared
with 68% of adults with disseminated WDTC
[109]. It is important to remember that WDTC
can recur very late. Indeed, in the Mayo Clinic
series, 33% of metastases were detected 5 years
after the initial therapy, and 15% were diag-
nosed more than 15 years later [109].

According to multivariate Cox regression
analysis of prognostic factors in 109 children
6–17 years of age with WDTC, disease-free sur-
vival is longer in children older than 10 years
than in younger children [110]. Disease-free
survival is also longer after T/NTT than after
less extensive surgery and longer after 131I
therapy than after no 131I therapy. In another
pediatric WDTC cohort study, age was identified
as the major determinant of time to recurrence
[111]. In this series, younger patients (younger
than 10 years) experienced recurrences more
frequently and earlier than patients 10 to 17
years old [110]. Mortality from WDTC in pedi-
atric patients is low, and in many series 
no malignancy-induced deaths were reported
[112]. At the same time, it should be remem-
bered that the majority of disease-specific
deaths in patients with WDTC occur years to
decades after diagnosis, and, hence, that such
incidents are reported only in studies carried
out over very long follow-up periods.

Medullary Thyroid Carcinoma
The prognosis in patients with residual/
metastatic MTC is overall poorer than that of
patients with WDTC [101,113]. There is an early
tendency for MTC to metastasize to the lungs
and bone. Treatment of patients with persistent
MTC remains controversial. Van Heerden et al.
[114] reported a study of 31 patients with MTC
who had 5- and 10-year survival rates of 90%
and 86%, respectively. It is hoped that vigorous
screening of MEN2A/B and FMTC family
members will lead to early surgical intervention
with T/NTT and rigorous life-long follow-up in
RET mutation-carrying pedigree members, thus
leading to increased survival for patients with
these tumors [102,115].

Anaplastic Thyroid Carcinoma
As mentioned above, ATC in children and ado-
lescents is fatal in almost all cases, despite occa-
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sional partial responses to chemotherapy, which
are typically short-lived. Only anecdotal experi-
ence exists in the management in such cases.
Once again, the extreme rarity of this type of TC
in childhood should be emphasized [43,113].
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Epidemiology of Thyroid
Cancer Induced by Ionizing
Radiation

The association between ionizing radiation and
thyroid cancer was first suggested in 1950 in
children who received X-ray therapy in infancy
for an enlarged thymus [1]. More conclusive evi-
dence for a causal relationship between external
radiation exposure in childhood and thyroid
cancer was obtained from pooling the data 
from several large studies following radiation
treatment to the thymus, tonsils, or scalp, and
showing a dose-dependent increase in relative
risk for development of thyroid cancer [2]. Since
the early 1960s, when the use of radiotherapy 
for benign conditions was abandoned, the inci-
dence of radiation-associated thyroid malig-
nancy in children has gradually decreased [3].
Currently, radiation therapy for other malig-
nancies continues to be a source of radiation-
associated thyroid cancer [4,5]. However, this
association has been more difficult to establish,
in part because radiation is used more often for
adults where the thyroid is less sensitive to its
effects [6].

An increased risk of thyroid cancer has also
been linked to environmental irradiation and
documented in survivors of the atomic bomb
explosions in Japan in 1945 [7], and in residents
of the Marshall Islands exposed to fallout after
detonation of a thermonuclear device on the

Bikini atoll in 1954 [8]. On 26 April 1986, an acci-
dent at the Chernobyl nuclear power station in
northern Ukraine produced one of the most
serious environmental disasters ever recorded
and led to a dramatic increase in the frequency
of childhood thyroid cancer in contaminated
areas of Belarus, Ukraine, and western Russia.
The accident released huge amounts of radioac-
tive materials into the atmosphere, including 1.8
¥ 1018 Bq of 131I, 2.5 ¥ 1018 Bq of 133I, and 1.1 ¥ 1018

Bq of 132Te, which decays to 132I [9]. More than
10 million people were exposed to significant
levels of radiation. It has been estimated that
more than 80% of thyroid dose came from inter-
nal exposure to 131I, and the dose was 3–10 times
higher in children than in adults. Due to the
weather conditions immediately after the acci-
dent, the most contaminated areas were in
southern Belarus, where estimated thyroid
doses in children under 7 were among the
highest, and ranged between <0.05 and 4 Gy,
with an average absorbed thyroid dose of 0.7 Gy
[9]. Other areas of significant contamination
included regions of northern Ukraine and
western Russia.

Beginning in 1990, a dramatic increase in the
incidence of pediatric thyroid cancer was noted
in Belarus, and one or two years later in north-
ern Ukraine and western areas of Russia. In
Belarus, the incidence of thyroid cancer in 
children in 1995 was almost 30-fold higher than
before Chernobyl, and compared to the inci-
dence in other countries. In Gomel oblast, the
region closest to Chernobyl, the incidence
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reached 100/million children/year, a 100-fold
increase. Overall, the geographical distribution
of cases corresponded to the fallout distribu-
tion. In some areas thyroid cancer risk in chil-
dren was found to be linear in the dose interval
0.07–1.2 Gy [10]. There was a strong inverse cor-
relation between the age at exposure and risk of
thyroid cancer [11], a trend that has been 
documented previously in other populations 
of radiation-associated thyroid cancer [2]. In
Belarus, children under the age of one year at
the time of exposure had a relative risk of 237,
whereas those aged 10 showed a relative risk of
6 [12]. Higher susceptibility to radiation-
induced thyroid cancer in young children may
reflect a higher thyroid dose, or other factors
that have not been established conclusively. The
thyroid cancers in these children were not inci-
dental microcarcinomas discovered because of
increased surveillance, but rather represented
clinically significant disease, at least in the first
few years. There are also reports of a two- to
fourfold increase in thyroid carcinoma in adults
from exposed areas [12], although it is not clear
to what extent this represents a true increase in
prevalence versus a higher detection rate of pre-
clinical cancers.

Clinical Characteristics of
Radiation-Induced Thyroid
Cancers from Chernobyl
The average latency between radiation exposure
and cancer diagnosis was 6.9 years in a series of
472 patients from Belarus reported by Pacini et
al. [11]. Prior to Chernobyl, the latency period
for radiation-induced thyroid cancer was con-
sidered to be at least 5 years, typically 5–10 years.
However, the Chernobyl experience has clearly
demonstrated that it can be as short as 4 years.
The clinical characteristics of thyroid cancers
arising in children exposed to radiation after
Chernobyl differed in significant respects from
those arising in children without known radia-
tion exposure treated in Italian and French
centers [11]. The vast majority of post-
Chernobyl pediatric thyroid cancers were papil-
lary carcinomas (94%) [11], which is consistent
with what was found in other populations
exposed to ionizing radiation. Although papil-

lary carcinomas were also the dominant tumor
type in the sporadic Western European pediatric
cases, the prevalence was significantly lower
(82%).When compared with sporadically occur-
ring thyroid cancers in children from Western
Europe, the post-Chernobyl cancers affected
younger subjects, and were less affected by
gender [11]. A distinguishing histopathological
feature of radiation-associated post-Chernobyl
tumors is a high prevalence of solid growth
pattern, which appears as sheets of malignant
epithelial cells surrounded by varying amounts of
fibrotic stroma [13,14]. About 37% of post-
Chernobyl tumors had solid variant histology,
which is relatively uncommon in sporadic pedi-
atric cases. In the latter, >70% of papillary carci-
nomas have a classic papillary appearance.
Almost half of the pediatric tumors from Belarus
extended beyond the thyroid gland, compared to
~25% of sporadic cases. They also had a some-
what higher frequency of lymph node involve-
ment (65% versus 54%). Thus, post-radiation
cancers were clinically more aggressive at pres-
entation. A younger age at exposure was associ-
ated with more extensive disease, manifesting as
greater extrathyroidal tumor extension and fre-
quency of lymph node involvement [15]. The 
frequency of distant metastases in post-
Chernobyl cancers compared to sporadic cases
could not be properly determined because,unlike
the children from Western Europe, most pedi-
atric patients from Belarus did not undergo post-
surgical radioiodine scans, which are required
for sensitive detection of distant lesions [11].

Molecular Pathogenesis of
Radiation-Induced 
Thyroid Cancer
Genetic analysis of papillary cancers in children
exposed to radiation following Chernobyl
implicated the RET oncogene in the pathogene-
sis of these tumors [16–18]. RET is a tyrosine
kinase receptor primarily expressed in cells of
neural crest derivation. RET is normally not
expressed or present at very low levels in thyroid
follicular cells. RET activation in papillary car-
cinomas occurs through chromosomal recom-
bination resulting in illegitimate expression of a
fusion protein consisting of the intracellular
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tyrosine kinase (TK) domain of RET coupled to
the N-terminal fragment of a heterologous 
gene, giving rise to the RET/PTC oncoproteins.
Several forms have been identified, which differ
according to the 5¢ partner gene involved in 
the rearrangement. The two most common are
RET/PTC1 and RET/PTC3. RET/PTC1 is formed
by an intrachromosomal inversion of the long
arm of chromosome 10 leading to fusion of RET
with the H4/D10S170 gene [19]. RET/PTC3 is
also a result of an intrachromosomal inversion,
in this case with the RFG/ELE1 gene [20]. The
fusion proteins generated by these chimeric
genes dimerize in a ligand-independent manner
and constitutively activate the tyrosine kinase
function of RET. In post Chernobyl tumors,
RET/PTC rearrangements are highly prevalent
and have been found in 66–87% of all tumors
[18,21]. RET/PTC oncogenes are not specific to
radiation-induced cancers, since they are also
found frequently in sporadic pediatric papillary
thyroid cancers (~40%). In papillary carcino-
mas from adults RET/PTC rearrangements are
found in 15–20% of cases, with considerable
regional variability (range of 5–40%). There is
now strong evidence implicating RET/PTC as a
key first step in thyroid cancer pathogenesis
[22–27]. More specifically, intrachromosomal
recombination events, particularly paracentric
inversions, appear to be a fundamental mecha-
nism of radiation-induced thyroid carcinogen-
esis. Another rearrangement that contributes to
about 7% of radiation-induced papillary carci-
nomas involves the nerve growth factor gene
NTRK1 and results from paracentric inversion
of chromosome 1q [28,29]. Recently, a new
thyroid oncogene arising through recombina-
tion of the BRAF gene was discovered in a small
fraction of radiation-induced papillary thyroid
cancers. A paracentric inversion of chromo-
some 7q results in an in-frame fusion between
exons 1–8 of the AKAP9 gene and exons 9–18 of
BRAF. The fusion protein contains the protein
kinase domain and lacks the autoinhibitory N-
terminal portion of BRAF. It has elevated 
kinase activity and transforms NIH3T3 cells,
confirming its oncogenic properties [30]. A
unique feature of papillary thyroid cancers is
that oncogenes thought to be involved in tumor
initiation activate effectors that signal along the
MAP kinase pathway. Mutation of these onco-
genes is mutually exclusive, with very few if any
cancers harboring mutations of more than one

of the oncogenes. In radiation-induced cancers
they are activated by intrachromosomal recom-
bination events, whereas in sporadic cancers
point mutations predominate.

Genotype–Phenotype
Correlations in Radiation-
Induced Thyroid Cancer
The overall prevalence of RET/PTC was found to
be significantly higher in radiation-induced
tumors occurring after a short latency period,
with RET/PTC3 as the most common type. By
contrast, tumors arising after a longer latency
have a lower prevalence of RET/PTC and the
predominant type was RET/PTC1. The AKAP-
BRAF was also more prevalent in cancers
appearing after a short latency. RET/PTC1 is
associated with papillary carcinomas with a
classical histological architecture. By contrast,
RET/PTC3 is associated with solid variant pap-
illary carcinomas. The latter appear to have a
slightly more aggressive biological behavior.

Radiation-Induced Thyroid
Autoimmunity
Children and adolescents living in the most
heavily contaminated regions of Belarus were
found to have a markedly higher prevalence of
thyroid autoantibodies than age-matched con-
trols residing in Braslav, a village in Belarus that
was largely spared from radioactive fallout [31].
The increase in prevalence of plasma antithy-
roglobulin and antiperoxidase antibodies was
already apparent in individuals who were in
utero or newborn at the time of the accident. In
children who were >9 years, the prevalence of
autoantibodies was striking, reaching 35%. At
the time of the study, there was no evidence of
thyroid dysfunction, as serum free T4, free T3,
and TSH levels were unaffected. Similar findings
were reported in a smaller study of children
from two iodine-deficient areas of western
Russia, one of which received significant
radioactive contamination [32]. Despite the fact
that in these early studies there was no evidence
of thyroid dysfunction in the exposed popula-
tions, there is well-founded concern that many
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of the affected children may develop hypothy-
roidism later in life.

Approaches to Reduce
Exposure of the Thyroid Gland
to Radiation
After release of large amounts of radioactive
iodine isotopes into the atmosphere, prompt
measures need to be taken to minimize thyroid
exposure, particularly in children [33]. First and
foremost the population needs to be alerted
about the risk immediately. Although this is an
obvious measure, it is sobering that for various
reasons this was not appropriately implemented
in some of the most notorious environmental
disasters to date, such the Marshall Islands 
and Chernobyl. People should be instructed to
remain indoors and keep doors and windows
closed to minimize exposure by inhalation.
Because >90% of radioiodine exposure is
through contaminated food, and the half-life of
the most prevalent iodine radioisotopes is less
than 9 days, consumption of fresh milk from
local dairies and fresh vegetables should be
avoided for several weeks after the accident.
Because stable iodine reduces radioiodine
uptake, administration of potassium iodide is
recommended to saturate the iodine transport
mechanism and prevent uptake and incorpora-
tion of radioiodine into thyroid cells. In adults,
a single dose of 100 mg of iodine reduces uptake
in the thyroid to £1% at 24 hours [34], whereas
in children lower doses are required. Time is of
the essence, because when stable iodine is
administered within 1 hour of the contamina-
tion, thyroid uptake is reduced by 90%. After 3
hours, only 60% reduction is possible. Never-
theless, even if not administered immediately
after contamination iodine prophylaxis is still
indicated since uptake levels can still be sub-
stantially reduced, and will protect the thyroid
from continued exposure. Repeated daily
administration for 1–2 weeks is advisable. A
large potassium iodide (KI) distribution
program was implemented in Poland after the
Chernobyl nuclear disaster [35].A single dose of
KI was given to ~18 million Poles. When given
3 days after the accident, radioiodine uptake was
reduced by 40%, whereas those that received KI

after 4 days had a reduction of 25%. The Polish
experience also demonstrated the relative safety
of population-wide treatment with KI. Very
mild and transient changes in thyroid function
were seen in 0.37% of newborn babies, with no
apparent long-term consequences. A small pro-
portion of children and adults developed nausea
and vomiting, and a few individuals developed
respiratory distress due to a presumed allergic
reaction to the iodine preparation.

Clinical Management of
Radiation-Induced Cancer 
in Children
The treatment recommendations for children
with radiation-induced thyroid cancer do not
differ in significant respects from those used for
children with sporadic forms of the disease. The
first line of treatment is surgery. There is con-
sensus that a total or near-total thyroidectomy
is required, but the extent of lymph node dis-
section is a subject of some controversy, height-
ened in this population because of the high
prevalence of lymph node involvement. This
should be followed by radioiodine ablation after
withdrawal of thyroid hormone to allow TSH
levels to reach a level ≥30 mIU/mL. The usual
dose administered is about 1–2 mCi/kg (37–
74 MBq/kg). A 3–7-day posttreatment whole-
body scan (WBS) is performed to obtain a more
sensitive assessment of potential local and
distant metastases. A radioiodine WBS is
repeated at 8–12 month-intervals after with-
drawal of thyroid hormone, and treatment is
repeated if significant uptake is observed. Thy-
roglobulin immunoassays are used as an inde-
pendent sensitive marker of disease persistence
or recurrence. There usefulness in the post-
Chernobyl population may be limited because
of the high prevalence of antithyroglobulin
antibodies. The published experience after
treatment of post-Chernobyl thyroid cancer
cases shows that they appear to be relatively
resistant to ablation, although it is unclear if this
due to less radical surgery, or other factors. To
our knowledge there are no reports of use of
recombinant human TSH for surveillance or
treatment in this patient population. Children
are maintained on supraphysiological doses of
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thyroid hormone to achieve appropriate sup-
pression of TSH. They appear to tolerate this
moderate degree of iatrogenic hyperthyroidism
quite well, with no deleterious consequences on
growth. Despite their advanced disease at pres-
entation, most children have responded well to
therapy [36]. The long-term prognosis for these
children appears favorable, but more time will
be needed to fully understand the entire range
of consequences of this environmental disaster.
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The Board on Radiation Effects Research of the
National Academy of Sciences of the United
States of America set up a Committee in 2003 to
draw up recommendations to the President of
the United States regarding:

1. the benefits and harmful effects of a potas-
sium iodide (KI) distribution program as
part of a nuclear incident preparedness
program;

2. the most effective and safe way to distri-
bute and administer KI on a mass scale to
prevent radiation effects;

3. the populations that should be included in
the KI distribution program.

These recommendations have been recently
published by the National Academies Press as a
book [1] and are available for download on the
internet (http://books.nap.edu/catalog/10868.
html). This report has provided the main source
for this chapter.

The Thyroid and Iodine
Physiological Need for Stable Iodine
Iodine is an essential component of the iodine-
containing thyroid hormones thyroxine (T4)
and triiodothyronine (T3). Severe iodine
deficiency (intake less than 50mg/day) causes
mental retardation, cretinism, and endemic
goiter. Even in developed countries such as
Germany endemic goiter with thyroid enlarge-

ment and/or nodules is still prevalent in approx-
imately 30% of the adult population [2]. The
daily supply of iodine should amount to 90mg in
children aged 0–7 years, 120mg in children aged
7–12 years, 150mg in adolescents and adults,
and 200mg in pregnant and nursing women 
([3], http://www.ICCIDD.org). In cases of iodine
deficiency, the thyroid enlarges and more
actively transports iodine from the blood-
stream, thus allowing uptake of sufficient iodine
for the maintenance of normal thyroid function.
In contrast, when the iodine supply is excessive
(more than 500mg/day) the sodium iodide sym-
porter (NIS) of thyrocytes is downregulated,
thus inhibiting iodide transport from the blood-
stream into the thyroid gland (Wolff–Chaikoff
effect, [4]). This effect leads to a transient de-
crease in thyroid hormone synthesis for about
48 hours; shortly thereafter, normal thyroid
hormone synthesis resumes.

Exposure to Radioiodine
Medical Use

For more than 60 years, radioactive isotopes of
iodine (mainly 131I as a b- and g-emitter with a
physical half-life of 8 days) have been used for
the diagnosis and treatment of thyroid dis-
orders. Moreover, 131I has been employed ex-
tensively to study the biokinetics of iodine in
healthy people and patients with disturbances
of thyroid function. Thyroid radioiodine uptake
is elevated in patients with hyperthyroidism and
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decreased in hypothyroid patients. In addi-
tion, it correlates inversely with the nutritional
supply of stable iodine. Thus radioiodine uptake
is high in iodine deficiency and low in case of
iodine excess. In patients with hyperthyroi-
dism, “toxic” nodular goiter, and differentiated
thyroid cancer, 131I has been used effectively to
normalize thyroid function and to ablate tumor
tissue because high activities of 131I can cause
cell death.

Nonmedical Use

Radioactive iodine is a byproduct of the fusion
of uranium atoms. Minimal radioiodine is nor-
mally released into the environment from oper-
ating nuclear reactors, whether such reactors
are operated for power production, for produc-
tion of radioisotopes, for material testing or for
research. In the case of nuclear power plants, the
uranium fuel is contained in sealed metal tubes
(fuel rods) and placed inside a steel reactor con-
tainment several inches thick, which itself is
located inside a thick (several feet) concrete
reactor building [1]. Before radioactive iodine
from the nuclear fuel of a nuclear power plant
can reach the environment, the fuel rods in the
reactor core must be damaged, with additional
damage to the containment enclosing the
reactor. However, if the reactor construction
does not fulfill usual safety standards, radioio-
dine may be released into the environment if
there is a nuclear emergency, such as the Cher-
nobyl reactor catastrophe. On the other hand,
radioiodine may be released into the environ-
ment when uranium is used as an explosive
material in atomic bombs or if iodine isotopes
were to be used as radioactive components of
“dirty bombs” [1].

Radioiodine can exist in particulate form 
as sodium iodide or as radioiodine vapor.
Radioiodine in the gaseous state can be inhaled
into the lungs and enter the bloodstream thus
reaching the thyroid gland. With normal nutri-
tional iodine supply, a normally functioning
thyroid gland will take up and store between
15% and 30% of the radioiodine to which it is
exposed. After the Chernobyl reactor catastro-
phe, most of the dose to the thyroid of people
living in the vicinity to the reactor plant 
was caused by the consumption of radioactive
iodine-contaminated water and food, including
milk [1].

Harmful Effects of
Radioiodine
Deterministic Effects
High doses of radioiodine (more than 5 Gy) may
lead to necrosis and apoptosis of thyroid cells
thus inducing hypothyroidism. In the case of
a nuclear reactor emergency, exposure to high
radiation doses sufficient to cause hypothy-
roidism may only occur in people within very
close proximity to the nuclear power plant.After
the Chernobyl reactor catastrophe, hypothy-
roidism occurred in very few people, only those
working at the nuclear power plant at the time
of the incident.

Stochastic Effects
Smaller doses of radiation (in the range of less
than 1 Gy), however, may induce thyroid cancer,
especially in vulnerable populations such as
unborn or young children. Radiation from 
any source – including ingested or inhaled
radioisotopes – can damage DNA and thus
induce tumors. The health effects of the use of
radioactive iodine isotopes for diagnosis and
treatment of thyroid diseases in adults have
been well studied, showing no significant con-
sequences with respect to the induction of
thyroid cancer [5]. However, after the Chernobyl
reactor accident, the incidence of thyroid cancer
in children increased considerably. By the year
2000, about 2000 cases of thyroid cancer had
been reported from Belarus, northern Ukraine
and the western parts of the Russian Federation
[6]. A very important observation is that the rel-
ative risk for induction of thyroid cancer in chil-
dren 0–1 years of age at the time of exposure is
40 or more times higher than that of children 10
years of age or older [7]. The thyroid gland of
the fetus begins to concentrate iodine starting
with the third month of pregnancy so that the
risk for thyroid cancer is increased in unborn
children as well. In contrast, the risk of radia-
tion-induced thyroid cancer in adults is
extremely low, close to zero [8].

In summary, exposure to radiation from
radioactive iodine may lead to a dose-
dependent increase of thyroid cancer incidence.
Young children are by far the most sensitive
group, whereas the risk of thyroid cancer after
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radiation exposure in adults is very low, and
there is assumed to be no risk in adults over 40
years of age [1].

Potassium Iodide (KI)
Prophylaxis
Mode of Action
Excess iodine supply downregulates NIS on the
surface of thyroid cells, thus inhibiting the
uptake of iodine (stable or radioactive) into 
the gland. In addition, excess iodide adminis-
tration competes with radioactive iodine, dilut-
ing the amount available for uptake into the
gland. In the case of radioiodine release from a
nuclear incident, the uptake of radioactive
iodine from inhalation or ingestion of contam-
inated foods may be blocked for at least 24
hours if 30–200 mg of KI is administered just
before or shortly after exposure. The inhibitory
effect of a single dose of 130 mg of KI amounts
to 98%, 80%, and 40% if KI is given at the time
of exposure, 2 or 8 hours afterwards, respec-
tively (Table 25.1).

Recommended Use
According to the WHO Guidelines for Iodine
Prophylaxis Following Nuclear Accidents [9] 130
mg of KI corresponding to 100 mg of stable
iodine is recommended as a single dose in the
event of a nuclear emergency to block radioio-
dine uptake in adults and adolescents over 12
years of age (Table 25.2). Tablets with a KI
content of 130 mg or 65 mg should be available
for protection (the latter being more convenient
for dosing in children).As an alternative, 170 mg
of potassium iodate (KIO3) may be used. In
neonates, infants, and children, lower doses of
stable iodine have to be administered (Table
25.2).

According to the International Atomic Energy
Agency (IAEA) International Basic Safety 
Standards, the generic optimized interven-
tion level for iodine blockade is 100 mGy (10rad)
of avertable committed absorbed dose to the
thyroid. Iodine prophylaxis is recommended
when this projected dose is exceeded [10].

The life-time thyroid cancer risk in exposed
children is estimated by WHO at 1% per Gy (1%
per 100 rad) and, conversely the risk of severe
side effects from a single administration of
stable iodine is estimated at 10-7 [9]. WHO
therefore recommends an age-specific interven-
tion level of 10 mGy (1 Rad) for children and
adolescents below the age of 18 years and for
pregnant and for lactating women. WHO con-
siders this to be justified because – even with the
lower intervention level – some 2 to 5 extra
thyroid cancer cases are expected to occur per 1
million children exposed per year [9]. For adults
up to 40 years old, WHO follows the recom-
mendation of IAEA for an intervention level of
100 mGy (10 Rad). Because the risk of thyroid
cancer is very small in adults over the age of 40,
WHO recommends iodine blockade only in the
event of very high exposure with more than 
5 Gy (500 rad) that may lead to hypothyroidism.

The Food and Drug Administration Guidance
of the Unites States of America [11] recom-

Table 25.1 Percent thyroid protection from 131I after a single
130 mg dosage of KI

Time of KI administration Protection provided by
with respect to 131I 130 mg of KI (% of 
exposure (hours) control)

-96 Very little
-48 ~80
-1 ~80

0 98
2 80
3 60
8 40

24 16

Table 25.2 Recommended single dosage of stable iodine to block radioiodine uptake according to age group

Mass of iodine Mass of KI Mass of KIO3 Fraction of KI 
Age group (mg) (mg) (mg) 130 mg tablet

Adults and adolescents (over 12 years old) 100 130 170 1
Children (3–12 years old) 50 65 85 1/2

Infants (1 months to 3 years old) 25 32 42 1/4

Neonates (birth to 1 month old) 12.5 16 21 1/8
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mends a single directive for the entire popula-
tion which should be adopted at an interventional
level that is protective for the most susceptible
population groups: 50 mGy (5 rad) of predicted
thyroid dose for infants, children, adolescents,
adults under 40 years of age, and pregnant and
lactating women.

In the event of direct exposure to radioiodine
in a nuclear emergency, evacuation and shelter-
ing are the preferred methods to protect the
population. In addition, the population has to be
advised not to consume contaminated foods or
drinks. Iodine blockade will rarely be used as a
stand-alone protective action. It normally is
combined with sheltering or evacuation. In the
case of ingestion of contaminated food,however,
restricting the production and consumption of
foodstuffs will be more effective [9].

Adverse Effects
People with preexisting thyroid diseases – for
example nontoxic nodular goiter or autoim-
mune thyroiditis – are at risk for iodine-induced
thyroid dysfunction leading to hypothyroidism.
In contrast to iodine-induced hypothyroidism,
especially in regions of iodine deficiency, excess
iodine ingestion may induce hyperthyroidism
as toxic nodular goiter or Jod–Basedow disease
[12]. In the most radiation-vulnerable groups of
the population (young children) such effects are
very rare, as has been observed after KI admin-
istration to a large population in Poland after
the Chernobyl accident [13].

Additionally, a number of non-thyroidal 
side effects of iodine have to be mentioned.
These may be gastrointestinal (stomach pain,
nausea, vomiting, and diarrhea), allergy related
(angioedema, arthralgia, eosinophilia, lym-
phadenopathy, urticaria), or skin rashes. How-
ever, such non-thyroidal side effects are very
rare. Extremely rare disorders reported to be
caused by excess iodine ingestion include der-
matitis herpetiformis (Duhring’s disease), iodo-
derma tuberosum, and hypocomplementemic
vasculitis and myotonia congenita [1].

Distribution Programs
First of all, it has to be mentioned again that
iodine blockade is supplemental only to evacu-
ation, sheltering, and restriction of contami-

nated milk and foodstuffs. Because KI is most
effective when taken within a few hours of expo-
sure to radioiodine, pre-distribution programs
have been elaborated worldwide. Local, rapid
access to KI is accomplished through stockpiling
and pre-distribution. However, the effectiveness
of pre-distribution programs depends strongly
on educating the public. So even with the most
efficacious pre-distribution programs, well-
developed programs for local stockpiling and
renewing pre-distributed tablets are required to
ensure protection [1].

Conclusions
Potassium iodide (KI) should be available to
everyone at risk of significant health conse-
quences from thyroidal accumulation of
radioiodine in the event of a radiological inci-
dent (i.e. infants, children, adolescents, adults up
to the age of 40 years, and pregnant or lactating
women), because it can prevent subsequent
thyroid cancer. Providing KI to adults over 40
years of age is of very little benefit. To be most
effective, KI must be taken within a few hours
before or after exposure to inhaled or ingested
radioiodine.

Generally, 130 mg of KI are recommended as
a single dose in adults and adolescents over 12
years of age. The recommended dose of KI is 
16 mg in neonates, 32 mg in children 1 month to
3 years of age, and 65 mg in children 3–12 years
old. In combination with the protective mea-
sures of sheltering, evacuation, and restriction
of contaminated food, a single level of 50 mGy
predicted thyroid dose for infants, children,
adolescents, adults under 40 years of age, and
pregnant and lactating women seems to be
justified for KI intervention.

Distribution of KI tablets should be included
in the planning for comprehensive radiological
incident response programs for nuclear power
plants. KI distribution programs should con-
sider pre-distribution, local and central stock-
piling as well as educational and tablet renewing
programs.
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Section VIII
Diagnostic Imaging Studies for Thyroid Cancer



Modern ultrasound (US) has improved dra-
matically with the advent of high resolution
scanners operating in real time, with high fre-
quencies and the facility to observe blood flow
using Doppler.

Technique
Ultrasound as used for medical diagnosis relies
on the reflection of sound from interfaces
within the body. Use of high frequency sound
(7–20 MHz) generates high resolution images
over a short depth of tissue. This is ideal for US
of the thyroid as it lies superficially under the
skin. (Scanning of deeper structures, such as the
pancreas, requires a lower frequency of sound
to obtain sufficient penetration to visualize the
organ.As a consequence the resolution is lower.)

The US probe is placed on the skin of the
neck, using coupling gel. This allows transmis-
sion of the sound waves into the patient as well
as acting as a lubricant. A linear array probe is
generally used. This produces clear close images
in a rectangular field of view, ideal for imaging
the thyroid.

Normal Appearances
The normal thyroid gland has a uniform
appearance slightly brighter than the surround-
ing muscles (Figure 26.1). Vessels and fibrous
bands may be seen within it.

Any alteration in its appearance is easily
demonstrated and US is therefore very sensitive
for the detection of cysts, nodules, and malig-
nancy. More nodules are usually apparent than
are discovered by clinical examination [1–4].
There is no consensus how these asymptomatic
nonpalpable nodules should be managed. They
are often discovered during neck US when the
thyroid is not the specific organ being exam-
ined. The rate of malignancy in incidentally
detected thyroid nodules has been found to be
as high as 12% [5], although most series suggest
the rate is much lower [4,6].

Nodule Characterization [7]
Although US examination of the thyroid is very
sensitive it is not very specific for identifying the
cause of solid nodules. The appearances of
benign and malignant nodules themselves can
be similar. Examination of the surrounding
structures for additional features of malignancy
can be helpful. Local invasion (Figure 26.2) or
large lymph nodes within the neck clearly indi-
cate malignancy.

The majority of malignant nodules (approxi-
mately 90%) have a lower echo return than the
normal thyroid without distal enhancement.

Hyperechoic nodules (Figure 26.3) are
usually benign (malignancy rate less than 1%)
but this only accounts for approximately 20% of
benign nodules. Around 50–60% of benign
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nodules are hypoechoic, causing clear confusion
with malignant nodules.

Cysts are usually benign and easily seen as
very echo poor regions within the thyroid 
generally with thin walls and septa. Post cystic
enhancement (a region of brighter echo return
behind the cyst) confirms the fluid content
(Figure 26.4). The liquid can be echo free 
(black) or contain floating echogenic “dots” in-
dicating a benign lesion. Hemorrhage into a
cyst, which may cause clinical enlargement of
the thyroid nodule, shows as echogenic liquid 
of varying density and appearance when com-
pressed or moved with respect to gravity. A 
solid element within the cyst wall should be
looked for as this increases the probability of
malignancy.

The appearance of the margins of a nodule

can help in the differentiation of benign from
malignant: benign generally have well-defined
margins and malignant have poorly defined 
and irregular margins, sometimes with a thick
hypoechoic halo. The difference, however, is
often unclear in practice.

Tiny areas of calcification (microcalcifica-
tion) are suggestive (30%) of malignancy
(medullary and papillary carcinomas) but 
larger regions of calcification are less specific
(Figure 26.5). The finding of calcification in a
solitary nodule, however, indicates malignancy
in 55% [8].

The blood flow pattern within the nodule 
as seen using Doppler (color and “power” –
Figure 26.6) has been used to help in the differ-
entiation between benign and malignant. An
intranodular vascular pattern is more sugges-

Figure 26.1 Normal transverse US image of the thyroid cross-
ing the trachea.

Figure 26.2 Malignant thyroid displacing the common carotid
artery.

Figure 26.3 Hyperechoic nodules in a benign multinodular
goiter.

Figure 26.4 Normal right lobe and isthmus. Cysts are shown on
the patient’s left side, demonstrating post cystic enhancement.
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tive of malignancy than a peripheral pattern or
no visible vessels [9,10].

Studies are currently under way to investigate
whether the new US contrast can improve the
benign/malignant differentiation. Promising
early results show that contrast arrives within
the nodule (from an arm intravenous injection)
quicker in malignant nodules than benign (8
seconds versus 20 seconds) [11].

Nodule size can be easily measured with the
calipers on modern US machines. Size has been
used as a criterion for risk of malignancy but
this view has recently been questioned [7,12].
Similarly, single or multiple nodules, easily
determined by US, was considered an impor-
tant risk factor, as the risk of malignancy was
thought to be lower in multinodular goiters. The
difference is now thought not to be significant
[13].

Obtaining Cytological/
Histological Diagnosis
Fine-needle aspiration sampling (FNA) for
cytological diagnosis is a standard procedure
for palpable nodules. Traditionally this is per-
formed by inserting a green needle on a syringe
into the palpated nodule. It is safe and accurate
for most head and neck masses [14,15].

Ultrasound is now increasingly being used to
position the needle more accurately by selecting
a particular part of the nodule, for example the
solid component of the wall in a mainly cystic
nodule [16,17] or into impalpable nodules
(Figure 26.7).A particular nodule can be chosen

Figure 26.5 Calcification shown as bright echoes with shadow-
ing beyond.

A

B

Figure 26.6 Power Doppler (A) showing peripheral flow in a
benign nodule (and the common carotid artery) and color
Doppler (B) showing central intranodular flow in a malignant
nodule. Figure 26.7 Cutting needle biopsy of thyroid nodule.
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where the features are suggestive of malignancy.
This is often not the palpable nodule. The needle
is advanced through the tissues with US visual-
ization in real time. The nondiagnostic sample
rate is significantly reduced [18,19]. Deeper and
smaller nodules can easily be sampled [20,21].
As a result the availability of US-guided biopsy
is seen as important in centers treating thyroid
disease [6,18,22–27].

Although historically cutting needles have
not been used in the neck due to the theoretical
risk of damage to other tissues, when used with
US guidance the dangers are extremely small.As
such this is the routine method in our hospital
for impalpable nodules, where there has been a
failed previous FNA or for recurrent disease,
that is, for the most difficult cases. There have
been no major complications. A double spring
action needle is preferred (the inner stylette and
the outer cutting sheath are both fired by spring
action) as the size of the sample obtained is
maximized. The needle is fired on the touch of
a button on the handle for a fixed distance
(either 2.2 or 1.1 cm). Under local anesthetic and
ultrasound vision the needle is advanced to the
target nodule and the path of the needle once
fired can be considered to hit the target and 
miss important structures. Cutting needles
significantly improve the quality of the sample
obtained for the cytologist, reducing the nondi-
agnostic sample rate to less than 10% [27–29;
Richardson et al., unpublished]. It is also a safe
method of sampling neck lymphadenopathy
[30]. Most patients who have had sampling per-
formed using both methods (“blind” FNA and
US-guided cutting biopsy) prefer the latter, in
our experience.

Being able to position a needle precisely
within the thyroid makes local injection of
ethanol possible in the treatment of autono-
mous nodules and symptomatic cysts [31,32].

Staging Thyroid Malignancy
The International Union Against Cancer staging
system [33] is the most widely used: T (tumor),
N (node), M (metastasis).

T Stage
The size of the lesion is usually easily and accu-
rately measured using US. Smaller than or equal
to 2 cm is T1, 2–4 cm is T2 and greater than 4 cm
is T3 for tumors confined to the thyroid. Confu-
sion arises when there are multiple nodules in
contact with each other. The differentiation
between the nodules may be indistinct, making
measurement of individual nodules difficult.

Local extension beyond the thyroid can be
identified but again this can be unclear with
large multinodular goiters.

Local invasion of the major vessels is seen if
present but invasion into the larynx or esopha-
gus is not reliably demonstrated.

N Stage
Nodal spread can be easily seen within the 
neck. Unfortunately the differentiation between
benign and malignant nodes can be difficult.
Malignant nodes are generally larger, more
hypoechoic than benign nodes, and lose their
internal nodal structure. They tend to be well
defined when malignant.

M Stage
Metastatic spread to the liver can be demon-
strated with ultrasound but generally computer-
ized tomography,magnetic resonance and nuclear
medicine imaging are used for the M stage.

Ultrasound therefore remains very important
in the local staging of the disease within the
neck [34].

Postoperative Patients
Ultrasound can also be used in the detection of
recurrent thyroid malignancy (Figure 26.8).
Local recurrence appears as a hypoechoic mass
within the neck. It is usually ill defined. US-
guided biopsy is usually possible and accurate
[35].

Studies have also shown in the follow-up of
differentiated thyroid carcinoma with serum
thyroglobulin measurement that ultrasound
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significantly increases the sensitivity of tumor
detection and may show lymph node metastases
despite low thyroglobulin levels [36,37].

Occult Tumors
In high risk patients (family history or post neck
irradiation) and in patients with carcinoma 
of unknown origin ultrasound is very sensitive
in detecting occult thyroid primary disease.
Metastases to the thyroid can also be seen, most
commonly from lung, breast, and renal carcino-
mas as well as malignant melanoma [38,39].
They are seen as hypoechoic nodules, occasion-
ally with cystic change, but without micro-
calcification [40].

Cytological sampling of metastases is 
performed as safely as for primary thyroid
malignancy.

Key Points in Ultrasound 
of Thyroid

• Ultrasound is highly sensitive at detecting
thyroid malignancy.

• Differentiation of benign from malignant
on the appearances alone is not reliable.

• By using US to direct cytological sampling,
high sensitivity and specificity can be
achieved.
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Introduction

Whilst radionuclide imaging of the thyroid has
long been used in the management of patients
with thyroid cancer, its proven role is the subject
of discussion. 131I iodine has a clearly estab-
lished place in the imaging and treatment of his-
tologically proven differentiated papillary and
follicular thyroid cancer but the role of radio-
nuclide imaging in diagnosis remains con-
troversial. Similarly, in patients with medullary
thyroid cancer, radionuclide imaging is utilized
very variably. It is in the centers where there is
a close collaboration between the thyroid onco-
logy service and the nuclear medicine depart-
ment that the contribution of radionuclide
imaging is most frequently recognized.

Diagnostic nuclear medicine techniques may
be used in the detection of metastatic spread 
to the skeleton. The 99mTc diphosphonate bone
scan remains a sensitive method for screening
for bone metastases and investigating bone
pain. 99mTc pertechnetate salivary gland imag-
ing will identify patients with unilateral or 
bilateral salivary gland dysfunction including
obstruction.

Radionuclide imaging must be considered in
conjunction with other imaging modalities. In
particular, ultrasound has been demonstrated
to be sensitive in detecting cervical lymph
nodes and liver metastases in medullary thyroid

cancer, computed tomography (CT) will detect
macroscopic lung metastases, brain and liver
metastases, and magnetic resonance imaging
(MRI) has proven sensitivity for detecting
marrow involvement.

Although 131I iodine has been used for over 50
years to image and treat thyroid cancer, it is in
the last 20 years that there has been the devel-
opment of many new radiopharmaceuticals 
that are now being used to image patients with
thyroid cancer. Whilst many of these remain of
research interest only, 18fluorodeoxyglucose
(18FDG) is rapidly becoming established as a
valuable agent in patients with 131I iodine scan
negative disease.

Whilst radionuclide imaging is a comple-
mentary imaging technique to other anatomical
imaging methods, it has two main advantages.
The first is the provision of whole-body infor-
mation that facilitates accurate staging at 
the time of diagnosis and restaging following
treatment. The second is the potential for
therapy with the exchange of a gamma-emitting
radionuclide for a beta or Auger electron
emitter. Uptake of a diagnostic radiopharma-
ceutical will identify those patients who may
benefit from therapy. This is particularly rele-
vant in patients with recurrent inoperable
medullary thyroid cancer in whom treatment
options are extremely limited with no
significant responses reported to external beam
radiotherapy or chemotherapy.

27
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Radionuclide Imaging
Facilities
Nuclear medicine diagnostic investigations for
the investigation of thyroid cancer require
appropriate equipment, trained authorized
staff, and a supply of appropriate radiopharma-
ceuticals.

A gamma camera with tomographic capabil-
ities is essential if high quality studies with
appropriate sensitivity are to be achieved.
Studies for small volume recurrent disease will
be nondiagnostic if only planar views are
obtained. High resolution, low, medium and
high energy collimators will be required if the
full range of radionuclide investigations is to 
be performed. Although gamma cameras with
positron emission tomography (PET) capabili-
ties are currently used for 18FDG-PET imaging,
the dedicated PET systems yield better results
with small volume disease.

Nuclear medicine studies require a team of
staff. This should include trained technologists,
medical physicists to ensure that equipment is
functioning optimally and address radiation
protection issues for patients, staff and the
public, appropriately trained doctors and 
radiopharmacists.

Many radiopharmaceuticals may be pur-
chased directly from the manufacturer but
some, such as 99mTc(V)-dimercaptosuccinic acid
(DMSA), must be manufactured in-house,
requiring an approved radiopharmacy facility
and experienced radiopharmacist.

The legislation covering departments of
nuclear medicine varies across the world but in

some countries, such as the UK, nuclear medi-
cine imaging may only be undertaken with
appropriate certification of facilities and staff.

Radiopharmaceuticals
99mTc Pertechnetate
99mTc pertechnetate is the most commonly 
used radiopharmaceutical for routine thyroid
imaging with a 6.4 h half-life. It combines the
advantages of good imaging characteristics (140
keV), availability, and low cost. Unlike the iso-
topes of iodine, however, it is trapped but not
organified by thyroid follicular cells and its bio-
logical half-life within the thyroid is therefore
significantly shorter than the isotope of iodine
that is used for imaging, 123I (Table 27.1).
Imaging is performed 20 minutes after intra-
venous injection. 99mTc pertechnetate is also
taken up by the salivary glands and dynamic
studies of salivary gland function before and
after stimulation with a sialogogue will identify
glands that have been damaged by the radiation
dose from therapeutic administration of 131I
sodium iodide and those that are functioning
but obstructed.

123I Sodium Iodide
123I sodium iodide is an alternative agent for
imaging the thyroid. Like 99mTc pertechnetate it
has good imaging characteristics with a gamma
energy of 159 KeV and a half-life of 13.5 h. It is
both trapped and organified by the thyroid 
follicular cells and has a marginally higher sen-
sitivity for detecting nonfunctioning nodules

Table 27.1 Radiopharmaceuticals used in thyroid disease

Radiopharmaceutical Abbreviation Clinical use
99mTc pertechnetate 99mTc Thyroid nodules, goiter, thyrotoxicosis, ectopic thyroid
123I iodide 123I Thyroid nodules, goiter, ectopic thyroid thyrotoxicosis,

dyshormonogenesis
131I iodide 131I Carcinoma of the thyroid, diagnosis and treatment
99mTc isonitrile 99mTc-MIBI Thyroid nodules, Ca thyroid MTC
201Thallous chloride 201Tl Thyroid nodules, Ca thyroid, MTC
18Fluorodeoxyglucose 18FDG Ca Thyroid, MTC, Hürthle cell Ca
99mTc (V) dimercaptosuccinic acid 99mTc(V)-DMSA MTC
123I metaiodobenzylguanidine 123/131I-MIBG MTC diagnosis and treatment
111In octreotide 111In Oct MTC, lymphoma, Hürthle cell Ca
67Gallium gitrate 67Ga Lymphoma
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than 99mTc pertechnetate. It is, however, signifi-
cantly more expensive than 99mTc pertechnetate
and is not routinely available. In combination
with perchlorate it can be used to assess the
organification capabilities of nodules.

124I Sodium Iodide
124I sodium iodide is a positron-emitting isotope
of iodine and has been used in a limited number
of dosimetric studies. With its ultrashort half-
life and limited availability, its main use is in
dosimetry research as it provides excellent data
on functional volumes [1].

131I Sodium Iodide
131I iodine in the form of 131I sodium iodide has
been used for over 40 years to diagnose and
treat thyrotoxicosis and differentiated thyroid
carcinoma. It is produced by the fission of
uranium-236 and by the neutron bombardment
of stable tellurium in a nuclear reactor. It decays
by emissions of gamma radiations 364 keV
(81%), 337 keV (7.3%), and 284 keV (6%) with
beta radiation of Emax 0.606 MeV to stable
xenon-131. 131I iodine has a half-life of 8.04 days.
Imaging is performed using a high energy col-
limator on the gamma camera. Imaging is per-
formed 24–130 hours after oral administration
of the radiopharmaceutical, either in liquid
form or as a capsule.

The main advantage of 131I sodium iodide as
a diagnostic and therapeutic radiopharmaceuti-
cal is its low cost and availability while its main
disadvantage is the high energy gamma emis-
sions, which has radiation protection implica-
tions for staff, relatives, and other patients. The
normal biodistribution includes the salivary
glands, stomach, and bladder. The bowel is also
visualized on delayed studies (Table 27.2). An
awareness of the normal biodistribution is
essential for the accurate interpretation of
whole-body images. Contamination of the skin
and hair with saliva or urine may cause false-
positive scans and care must be taken in image
interpretation.

201Tl Thallium
201Tl thallium is a potassium analogue and
crosses the cell membrane via the sodium-
potassium ATPase pump. 201Tl has been recog-

nized as a tumor-imaging agent since 1976,
when Cox et al. [2] first demonstrated 201Tl
uptake in a bronchial carcinoma included inad-
vertently in the field of view during a myocar-
dial stress study. Since then, 201Tl uptake has
been described in thyroid and breast carcino-
mas, lymphomas, osteosarcomas, Ewing’s sarco-
mas, and esophageal cancers [3]. It has poor
imaging characteristics, however, and non-
specific uptake in the myocardium, liver, and
muscles limits its usefulness outside the neck.

99mTc Sestamibi (MIBI)
99mTc sestamibi (MIBI) uptake is proportional to
blood flow and mitochondrial concentration.
Although originally developed as a myocardial
perfusion imaging agent, its role in tumor
imaging is well proven, with uptake in parathy-
roid adenomas, breast tumors, and thyroid
malignancies.

99mTc(V) Dimercaptosuccinic Acid
99mTc(V) dimercaptosuccinic acid (DMSA) was
initially developed in Japan as a general tumor-
imaging agent [4]. It rapidly became apparent
that its main clinical use is in patients with
medullary thyroid cancer (MTC). Sensitivities
ranging from 50% [5] to 80% [6,7] have been
reported in patients with primary and recurrent
MTC. Images should be acquired 2–3 h after
injection and uptake may be observed in both
soft-tissue and bone metastases. The isomeric
mix of 99mTc(V)-DMSA varies when it is pre-
pared using different commercial kits [8,9]. It is
suspected that the poor sensitivity results
reported by some workers may be a result of the
isomeric composition of their manufactured
product. A further explanation for some of the
poor results reported may be the patient selec-
tion. There is a well-recognized subset of

Table 27.2 Biodistribution of 131I

Normal sites of 131I
accumulation Nontumor sites of 131I uptake

Salivary glands Hepatic cysts
Saliva in mouth Psoriasis
Stomach
Intestine
Bladder
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patients in whom the calcitonin level is elevated
but stable and in whom no focal disease can 
be demonstrated for several years. Imaging 
with 99mTc(V)-DMSA in this subset will yield 
a significantly lower sensitivity for tumor 
detection.

Single photon emission computed tomogra-
phy (SPECT) imaging will increase the sensiti-
vity of lesion detection and will also define the
extent of the primary tumor more accurately
[10].

The normal biodistribution of 99mTc(V)-
DMSA is seen at 2 h to be in the nasal mucosa
and faintly in the skeleton. Breast uptake may 
be noted in women. Blood pool activity 
persists at 2 h and the blood pool of the 
heart, liver, and spleen may be identified on
whole–body imaging. There is no nonspecific 
tracer uptake observed in the liver, making
99mTc(V)-DMSA one of the few tumor-imaging
agents that is able to reliably detect liver metas-
tases. Pituitary uptake may be seen in some
patients.

Uptake in sites of MTC ranges from intense to
faint, with uptake ratios of greater than 30 : 1
observed in some patients with neck recur-
rence. Uptake in soft-tissue sites appears more
intense than is observed in sites of bone metas-
tases. Image quality is generally good, although
the lack of nonspecific uptake may make local-
ization of an identified lesion difficult. Studies
using the principle of image registration have
permitted the merger of image data from the
99mTc(V)-DMSA image with the data from an
anatomically precise MRI image. This merged
image gives clinically useful information to the
surgeon prior to surgery. Image registration also
raises the sensitivity of both imaging modalities
by increasing the confidence with which small
lesions may be diagnosed [9].

111I Indium Octreotide

Like many neuroendocrine tumors, MTC
tumors express somatostatin receptors [11].
Somatostatin is a neuropeptide that was dis-
covered in 1978 [12] and has been found to 
have an inhibitory effect on growth hormone
receptors. In animals this peptide appears to
inhibit the growth of various malignant tumors
[13].

123I/131I Iodine Metaiodobenzylguanidine

Following successful imaging of the adrenal
medulla by Wieland et al. [14] in 1980, many
groups have studied the uptake of the guane-
thidine analogue metaiodobenzylguanidine
(MIBG) in neuroectodermally derived tumors
including MTC. MIBG is commercially available
in many countries labeled with either 123I iodine
or 131I iodine. Tomographic imaging as well as
planar imaging should be performed to opti-
mize sensitivity.Although not routinely used for
diagnostic purposes, a positive scan will indi-
cate a possible therapeutic option. A number of
commonly prescribed drugs interfere with the
uptake of MIBG and should be avoided or dis-
continued in patients being considered for diag-
nostic or therapeutic uses of MIBG (Table 27.3).

18FDG-PET

Radiolabeled fluorodeoxyglucose [18FDG] is the
most widely used tracer in PET tumor imaging.
A structural analogue of 2-deoxyglucose, FDG is
transported into and trapped by tumor cells. 18F
is a positron emitter with a 20-minute half-life.
The emitted positrons interact with matter with
release of two 511 KeV gamma photons and it is
these that are imaged. A dedicated PET camera
and appropriate staff are required for imaging
and the short half-life of the tracer together with
the high cost of equipment limits availability in
many areas of the world. 18FDG accumulation is
a marker of metabolic activity and therefore
reflects proliferative activity and the number of
viable tumor cells.

Monoclonal Antibodies

Several monoclonal antibodies have been used
to image patients with MTC. These include 
123I-, 131I-, and 111In-CEA [15,16], both whole anti-

Table 27.3 Drugs that interfere with MIBG uptake

Tricyclic antidepressants
Labetalol
Reserpine
Sympathomimetics
Antipsychotics
Calcium channel blockers
Cocaine
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body and fragments, and 111In-anticalcitonin
antibody. These various monoclonal antibodies
are currently only available on a research basis.

Cholecystokinin (CCK)-B/Gastrin 
Receptor Imaging

Amiri-Mosavi et al. in 1999 demonstrated that
MTC expressed cholecystokinin-B/gastrin re-
ceptors [17]. Behr et al. have demonstrated that
CCK-B/gastrin receptors can be detected in the
biopsy specimens of patients with MTC but are
not found in normal thyroid tissue [18]. This
agent is only available on a research basis.

Papillary and Follicular
Thyroid Cancer
Diagnosis
The role of imaging in the investigation of
patients with suspected thyroid cancer is con-
troversial, reflecting the high incidence of
nodules in the normal population and low
prevalence of thyroid malignancy.

In a patient with a palpable nodule in the
thyroid, the simple technique of imaging the
thyroid using 99mTc pertechnetate will identify
whether the palpable nodule is functioning 
or nonfunctioning. Thyroid cancer typically
appears as a hypofunctioning “cold” nodule on
99mTc pertechnetate thyroid imaging but this is a
nonspecific finding (Figure 27.1A). Specificity
varies with the iodine status of the population
studied. In Austria, prior to iodine supplemen-
tation, the incidence of thyroid cancer in cold
thyroid nodules was 3.5% [19] compared with
21% in the iodine-replete USA [20].

In 1978, Tonami et al. [21] described the use
of 201Tl in investigating patients with cold
thyroid nodules. However, Harada et al. [22]
demonstrated that 201Tl could not distinguish
between benign and malignant nodules. Alter-
native tumor-seeking radiopharmaceuticals
such as 99mTc sestamibi, 99mTc tetrofosmin and
18fluorodeoxyglucose have proved unreliable in
differentiating benign and malignant thyroid
nodules. In practice, many centers now proceed
to fine-needle aspiration cytology under ultra-
sound guidance without prior imaging. A 
combined scintigraphy/ultrasound approach

reduces the number of unnecessary fine-needle
aspirations performed on functioning nodules
and improves sampling accuracy in dominant,
nonfunctioning nodules arising from multin-
odular glands (Figure 27.1B).

18FDG-PET has been able to detect thyroid
cancer during studies for other pathologies. An
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Figure 27.1 A 99mTc pertechnetate scan of a patient with toxic
diffuse goiter (Graves’ disease). Clinically nonpalpable cold
nodule detected which was proven to be papillary thyroid
cancer on fine-needle aspiration. B 99mTc pertechnetate scan of
a patient with a multinodular goiter diagnosed on palpation.
The dominant cold nodule was investigated with fine-needle
aspiration and a colloid nodule was diagnosed.
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intense area of focal uptake in the thyroid
region warrants further evaluation as a number
of such identified lesions have been proven to 
be thyroid cancer on fine-needle aspiration 
and surgery (Figure 27.2). Uptake of 18FDG in a
thyroid nodule, however, is not specific for
thyroid cancer.Adler et al. in a study of 9 thyroid
nodules demonstrated uptake in 2 of 3 nodules
that were malignant but also in 3 out of 4 benign
adenomas [23].

Uematsu et al. demonstrated standardized
uptake values (SUVs) greater than 5 in proven
cancers, differentiating them from benign
nodules with lower SUVs.A patient with chronic
thyroiditis had an SUV of 6.3, however [24].

Management Following Surgery
Radionuclide imaging is used following sur-
gery to establish the presence of remnant

thyroid tissue thereby identifying patients 
who require 131I ablation therapy. Following 
successful ablation of remnant thyroid tissue,
131I imaging is routinely used to identify 
patients with biochemical evidence of remnant
or recurrent tumor and may also be used to 
plan the amounts of radioiodine to be 
administered.

Whilst the use of imaging with tracer doses
of 131I to establish the presence of remnant
thyroid tissue following surgery for differenti-
ated thyroid carcinoma has been an established
practice for many decades, recent concerns that
the tracer dose of 131I may influence the efficacy
of the subsequent therapy dose of 131I-iodine
have been raised.

Standard practice has been to undertake an
131I tracer study using administered activities
ranging from 74 to 370 MBq (2 to 10 mCi). The
tracer study permits identification of residual

Figure 27.2 Sixty-two-year-old man undergoing staging investigations for carcinoma of the bronchus with 18FDG-PET. The primary
lung lesion was visualized but an additional area of high uptake in the lower left neck was identified. Further investigation confirmed
a follicular carcinoma of thyroid.
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thyroid tissue and also may identify metastatic
disease.Whole-body imaging plus local views of
the head and neck area are routinely performed,
with imaging taking place 48 hours after admin-
istration of the tracer dose. As it is essential that
TSH levels are elevated to ensure good uptake of
the tracer dose, imaging should not be per-
formed less than 4 weeks after surgery or 4
weeks after discontinuing thyroxine (T4) or 2
weeks after discontinuing triiodothyronine (lio-
thyronine, T3). An awareness of the normal
biodistribution of 131I is essential in interpreting
tracer images, and regions of normal biodistri-
bution are listed in Table 27.2. Artifacts due to
urine contamination and saliva must also be
recognized.

Numerous authors have raised the issue of
“stunning” which results in the reduction of
uptake of a therapy dose of 131I iodine following
a high dose diagnostic tracer scan. The concept
of the “stunned” thyroid has raised controversy
as to the dose of 131I to be used for these diag-
nostic studies. Many believe that a large dose 
is essential, Waxman et al. [25], for example,
having shown that identification of an in-
creasing number of remnants was associated
with increasing the tracer dose up to 100 MBq
(30 mCi) or more. However, several authors have
observed that the uptake of a therapeutic dose
may be less than that of a preceding diagnostic
dose. Even a dose of 5 mCi was found sufficient
to reduce the uptake of a therapeutic dose by
54% [26].Various strategies have been proposed
to overcome the problem of stunning. These
include using low tracer scan doses of 131I 
(<185 MBq, 5 mCi). Whilst data confirms that
this strategy reduces the problem of stunning,
lower tracer scan doses will reduce the sensitiv-
ity of imaging for detecting metastatic disease.
Reporting that the induction of the “stunned”
thyroid by 370 MBq (10 mCi) diminished thy-
roidal uptake of a 3.7 GBq (100 mCi) treatment
dose, Park et al. [27] recommended that
pretherapy scanning should be undertaken with
123I. Murphy et al. [28] have shown that 123I has
a sensitivity of 75% compared with 131I if activ-
ities of 74 MBq (2 mCi) are used.

If only an estimate of the amount of remain-
ing normal tissue is required, 99mTc can be used
(Figure 27.3A, B)[29], but when, in follow-up
studies, identification of possible metastases is
sought, an iodine isotope is essential because of
the relatively poor trapping avidity of neoplas-
tic tissue for 131I.

Another proposed strategy is to assume that
the majority of patients undergoing total thy-
roidectomy for differentiated thyroid cancer
will have small remnants of thyroid tissue and
patients are therefore treated with an ablation
therapy dose of 131I without prior imaging.
Whilst this strategy avoids the problem of stun-
ning, it prevents therapy dose adjustment on the

A
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Figure 27.3 A 99mTc pertechnetate scan of a patient’s neck after
surgical ablation of thyroid for papillary cancer. A small remnant
is demonstrated (arrow).B 131I-iodine tracer scan in same patient
showing identical pattern of uptake.
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basis of the size of the thyroid remnant or dosi-
metric calculations to be performed.

Selection of Ablation Dose
Many centers opt for a fixed 131I ablation dose,
but others opt for a varied 131I dose based on the
size of the thyroid remnant and retention of the
tracer dose of 131I. If an 131I tracer study is per-
formed, data may be used to determine an
appropriate ablation dose using the following
formula. There are few data to suggest that dosi-
metric calculations improve the first time abla-
tion rate following a first therapy dose.

A posttherapy 131I scan should be performed
in all patients, particularly those who have not
undergone an 131I tracer scan prior to ablation
therapy. The posttherapy high activity scan has
a higher sensitivity for detecting unsuspected
metastatic disease compared with the low activ-
ity 131I tracer scan (Figure 27.4).

Postablation Management
Following the successful ablation of remnant
thyroid tissue, the 131I whole-body scan will
show no abnormal foci of uptake in the absence
of metastatic disease. It is appropriate to
monitor these patients subsequently with thy-
roglobulin measurements and to utilize the 131I
tracer scan in patients whose thyroglobulin
measurements become elevated. Patients who
have metastatic disease at the time of diagnosis
will require regular 131I tracer scans between
treatments to determine the efficacy of 131I
therapy (Figure 27.5A, B, C). Tracer scans with
131I should be undertaken using doses of 185
MBq (5 mCi) or less to avoid effects of stunning,
although stunning has been only clearly proven
as a problem with remnant thyroid tissue.
Tracer scans using 131I are not normally per-
formed in less than 6 months following 131I
treatment and as the TSH levels must be ele-
vated to optimize the sensitivity of the 131I 
tracer scan, patients should discontinue thyroid
replacement hormone for an appropriate inter-
val or receive human recombinant TSH used to
transiently elevate TSH levels [30].

A percentage of patients will be found to have
elevated thyroglobulin levels with negative
iodine tracer scans. This is a particular issue in
patients with Hürthle cell carcinomas in whom
only 10% of tumors are iodine avid. Patients

Figure 27.4 131I iodine postablation scan in a patient demon-
strating unsuspected widespread metastases from papillary
thyroid cancer.
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Figure 27.5 A 131I-iodine posttherapy scan in a patient with
metastatic papillary thyroid cancer. B 99mTc diphosphonate
bone scan in same patient demonstrating lower sensitivity for
detecting bone metastases than 131I-iodine scan. C 131I-iodine
scan in same patient following two therapies with 5.5 GBq of
radioiodine. Significant resolution of many metastatic sites is
demonstrated.
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with papillary and follicular carcinomas in
whom dedifferentiation occurs may also con-
tinue to have raised thyroglobulin levels, but
become iodine tracer scan negative as a feature
of dedifferentiation. Various strategies have
been proposed in patients in whom dedifferen-
tiation is suspected. These include a proposal to
use to retinoic acid to cause tumor redifferenti-
ation and restoration of tumor iodine uptake
capabilities. A number of studies have been
published confirming that retinoids will cause
redifferentiation in approximately 30% of
patients but the duration of this redifferentia-
tion appears short and the longer-term benefit
of retinoid treatment remains unclear.

Alternative imaging agents may also be used
to identify the location of recurrent disease in
131I scan negative patients to determine oper-
ability. The sensitivities of 201Tl and 99mTc tetro-
fosmin are comparable with that of 131I for
detecting distant metastases (0.85, 0.85, 0.78),
although 131I is more sensitive than the other
two for detecting postsurgical residual thyroid
tissue [31]. Scintigraphic imaging with 201Tl has
been thought to reflect the abnormal DNA char-
acteristic of poor prognosis in differentiated
thyroid carcinoma [32].

MIBI has been proved to be clinically more
useful than 201Tl in detecting lung, lymph 
node, and bone metastases from differentiated
thyroid carcinoma, as image quality was better.
The overall sensitivity of the two techniques is
not, however, significantly different [33]. The
superiority of MIBI in detecting lymph node
disease before initial 131I treatment has also been
described by Ng et al. [34], who noted that MIBI
is not as sensitive as 131I scanning for thyroid
remnants or lung metastases.

Both MIBI and 201Tl yield high specificity and
positive predictive value for residual thyroid
cancer in patients with negative 131I scans who
have an increased risk of recurrence after 131I
therapy. Both imaging agents have been shown
to detect residual cancer and cause a change in
management in more than half the patients in
whom conventional imaging techniques were
unreliable [35].

Another myocardial imaging agent, 99mTc
tetrofosmin, has a high sensitivity in detecting
metastases and recurrences of thyroid cancer
[36]. 99mTc tetrofosmin is both sensitive (86%)
and specific for detecting recurrence in patients
taking thyroxine and also has a sensitivity of

74% for detecting the sites of recurrence in
patients with 131I scan negative disease [37].
Preliminary reports suggest a role for 111In
octreotide in this setting [38]. 18FDG-PET has
proved useful in detecting cervical nodes and
can direct surgical intervention. It can also be
used to identify metastases in the mediastinum,
thorax, and skeleton. The main value of 18FDG-
PET in the management of thyroid carcinoma
patients, like that of the other methods above,
lies in its ability to demonstrate metastatic 
sites after negative iodine scanning. Its accuracy
is high, particularly for cervical lymph nodes
where it has proved particularly helpful for
directing surgical management. It can also iden-
tify metastases in the mediastinum, thorax, and
bone. Studies on patients with thyroglobulin
positive and iodine scan negative disease gave
sensitivities of between 70% and 90% for detect-
ing iodine negative disease [39,40]. A multi-
center study compared the sensitivity of
18FDG-PET, 201Tl, and 99mTc-MIBI in 131I scan neg-
ative disease. The 90% sensitivity of 18FDG-PET
was significantly higher than that of the other
scanning agents [41]. The increased metabolic
activity of dedifferentiating, aggressive tumors
would explain the high 18FDG uptake compared
with much lower uptake seen in iodine avid
tumors. The 3-year survival of patients with
18FDG positive scans is markedly reduced com-
pared with patients whose scans are negative
[42].

Recently, the importance of TSH stimulation
in the uptake of 18FDG has been appreciated. In
a number of studies, patients have been imaged
whilst on TSH suppressive dose of thyroxine
and when off thyroxine with a high endoge-
nous TSH. Several studies have confirmed 
the increased sensitivity of tumor detection in
patients off thyroxine [43]. A recent study by
Petrich et al. [44] has confirmed that the use of
recombinant human TSH prior to imaging with
18FDG increases imaging sensitivity.

In patients with iodine negative, thyroglobu-
lin positive disease, these studies, in conjunction
with anatomical imaging, will assist in patient
management decisions by identifying whether
the recurrence is operable or inoperable due to
location or multifocality. 18FDG-PET scanning
has the highest sensitivity for detecting dedif-
ferentiating recurrent disease, particularly with
the patient off thyroxine or after recombinant
TSH administration.
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Hürthle Cell Cancer
The Hürthle cell variant of follicular thyroid
cancer is characterized by oxyphilic follicular
cells. They are more aggressive than follicular
carcinomas and metastasize more frequently.
Unlike standard follicular cancers, only 10% of
Hürthle cell cancers take up iodine and this fact,
together with their aggressive behavior, results
in a 20-year survival of 65% compared with 81%
for follicular cancers.

Imaging Hürthle cell cancers has been
attempted with a variety of radiopharmaceuti-
cals. Yen et al. [45] have explored the role of
99mTc-MIBI in diagnosing metastatic disease 
and shown a significantly better sensitivity 
than with 131I. Vergara et al. [46] have studied
99mTc(V)-DMSA in Hürthle cell tumors and
have shown that although uptake is seen in
some tumors, the sensitivity is not adequate for
clinical purposes. 111I indium octreotide uptake
has been demonstrated in some Hürthle cell
tumors but, again, the uptake is not reliably sen-
sitive for routine clinical use [47].

The role of 18FDG-PET has been explored 
in a number of studies. Intense uptake in sites
of recurrent disease has been demonstrated,
changing management in 50% of the patients
who were so studied [48,49].

Insular Carcinoma
This rare variant of follicular cancer is poorly
differentiated and highly aggressive. Local inva-
sion and distant metastases at the time of
diagnosis are common. Poor results have been
observed with most radionuclide imaging
methods including 131I, 111In octreotide [50],
99mTc-MIBI [51], and 99mTc(V)-DMSA [52].

The aggressive nature of insular carcinomas
with negative 131I uptake makes it probable that
18FDG-PET uptake will be seen and this has
been confirmed by Diehl et al. [53] in a retro-
spective study of five patients.

Medullary Thyroid Cancer
Diagnosis and Follow-Up
In a patient undergoing investigation for
thyroid nodules, the identification of bilateral

nonfunctioning nodules on the 99mTc pertechne-
tate thyroid scan raises the possibility of MTC
associated with familial MTC (FMTC), multiple
endocrine neoplasia type 2A (MEN2A), or
MEN2B [54].

Parthasarathy et al. [55] first described the
accumulation of 201Tl in an MTC primary lesion,
and subsequently uptake has been reported in
both primary and recurrent lesions56–58 with
sensitivities of up to 91% and specificities of
100% reported. The poor imaging characteris-
tics of 201Tl are not a problem in visualizing neck
recurrence, but limit the value of this agent in
detecting distant metastases. The nonspecific
uptake of this tracer in the liver and lungs and
its uptake in the myocardium reduce its sensi-
tivity in detecting liver and lung metastases.

The main role for 99mTc(V)-DMSA imaging is
in the follow-up of patients after surgery [56].
In primary MTC, 99mTc(V)-DMSA can confirm a
clinical suspicion of MTC while the calcitonin
results are awaited. Papillary and follicular
tumors of the thyroid do not take up 99mTc(V)-
DMSA and positive uptake in a cold nodule on
a 99mTc pertechnetate scan is strongly suggestive
of MTC. 99mTc(V)-DMSA whole-body imaging is
also useful when planning surgery to stage the
disease. It is probably the most effective imaging
agent for demonstrating soft-tissue and bone
metastases.

Immediately following surgery, 99mTc(V)-
DMSA imaging may be useful in determining
whether residual tumor is present (Figure
27.6A). It is essential that the patient is imaged
prior to surgery when there is bulky disease in
order to assess whether the primary tumor 
takes up the agent. In longer-term follow-up,
99mTc(V)-DMSA imaging can be used to deter-
mine the site of recurrence in patients in whom
the postoperative calcitonin levels start to rise.
Again SPECT imaging will increase the sensi-
tivity of lesion detection, particularly in pati-
ents with small-volume recurrent mediastinal
deposits.

(V)-DMSA may also be labeled with
rhenium-186 [57]. Clinical experience with 
this radiopharmaceutical confirms that its
biodistribution resembles that of 99mTc(V)-
DMSA, although renal retention is greater [58].
Limited therapy experience is available The
availability of 186Re is limited, however. 188Re pro-
duced from a generator is now available and
studies using 188 Re (V)-DMSA are in progress.
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The role of 99mTc-MIBI has been investigated
as an imaging agent in patients with recurrent
MTC. Learoyd et al. [59] compared the uptake of
99mTc-MIBI with CT in patients with recurrent

MTC and demonstrated that 99mTc-MIBI is more
sensitive than CT for detecting recurrence in 
the head, neck, and chest, but CT was more 
sensitive for detecting disease in the liver. The
99mTc bone scan was more sensitive for detecting
bone metastases than 99mTc-MIBI. Ugur et al.
[60] compared the sensitivities of 99mTc-MIBI,
201Tl, and 99mTc(V)-DMSA and showed them 
to be 47%, 19%, and 95%, respectively. These 
data confirm that at present 99mTc(V)-DMSA 
is the most sensitive radionuclide imaging 
agent available. Juweid et al. have used 99mTc-
MIBI to explore the multidrug resistance of
MTC [61].

Following successful imaging of the adrenal
medulla by Wieland et al. [14] in 1980, the role
of 123/131I-MIBG in MTC has been investigated 
in MTC. Nakajo et al. [62] in 1983 studied a
number of patients with neuroectodermal
tumors, including one patient with MTC. They
reported no uptake in MTC. The first positive
case of 131I-MIBG uptake in a patient with
MEN2A was reported by Endo et al. [63] in 1984.
Uptake in both the primary MTC and the coex-
istent pheochromocytoma was observed. In the
same year Connell et al. [64] also described 131I-
MIBG uptake in a primary tumor of a patient
with familial MTC. The first report of uptake in
metastatic MTC was made by Sone et al. [65] in
1985, who studied a nonfamilial case of MTC
with bone and liver metastases. Uptake was seen
in all sites of known disease.

Following the publication of these case
reports a number of series of cases have been
reported. Poston et al. [66] in 1985 studied six
patients, three with sporadic MTC, two with
MEN2A, and one with MEN2B. Although all
patients studied were postoperative with calci-
tonin evidence of recurrence, only one patient
had a positive study. The results of many series
of MTC patients studied with MIBG have been
published [5,67–71]. The later series have been
performed with 123I-MIBG that has increased
resolution, but none of the studies have utilized
SPECT. In most studies a sensitivity of 30% is
reported, and this is confirmed when the cumu-
lative experience is reviewed.

Several studies have been undertaken to
compare the sensitivities of different radiophar-
maceuticals in MTC. Clarke et al. [72] in 1988
compared the uptake of 99mTc(V)-DMSA, 131I-
MIBG, and 99mTc-MDP in patients with MTC and
showed that 99mTc(V)-DMSA was the most sen-

A
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Figure 27.6 A 99mTc(V)-DMSA whole-body scan following
surgery for medullary thyroid cancer demonstrating residual
tumor in lower left neck. B 111I indium octreotide scan in same
patient showing lower uptake in remnant tumor.



Diagnostic Nuclear Medicine Investigations in the Management of Thyroid Cancer 353

sitive agent for detecting sites of MTC. Verga 
et al. [5] in 1989 compared 99mTc(V)-DMSA and
123I- or 131I-MIBG and again confirmed that
99mTc(V)-DMSA was the more sensitive agent.

The technical aspects of 123I- or 131I-MIBG
imaging in MTC need to be considered. In
patients with primary disease or suspected 
neck recurrence who have not undergone total
thyroidectomy, it is essential to block the
thyroid prior to administration of MIBG. Unless
adequate blockade with potassium iodate is
achieved, interpretation of uptake in the neck
will be extremely difficult. Whole-body images
at 4 and 24 hours should be acquired, and
SPECT imaging of the neck and liver at 24 hours
will increase lesion detection in patients imaged
with 123I-MIBG. The role for 131I-MIBG in diag-
nostic imaging is debated. The slow tumor accu-
mulation of MIBG may indicate that the later
imaging possible with 131I-MIBG compared with
123I-MIBG may increase the sensitivity of lesion
detection.

Although 131I- and 123I-MIBG have been
shown to have an unacceptably low sensitivity
for diagnostic imaging, the therapeutic poten-
tial of 131I-MIBG in those patients in whom good
uptake is demonstrated should be recognized.

A number of patients with MTC have now
been treated with 131I-MIBG and a palliative
response has been achieved in about 50% of
patients so treated [73]. Partial response has
been observed in a further 25% of patients, with
response times lasting up to 18 months [74,75]
(Figure 27.7).

111In octreotide is also used to detect recur-
rence in patients with rising calcitonin levels
indicating recurrent MTC. SPECT imaging will
enhance lesion detection in the neck and liver.
Sensitivities of 65% have been reported in
detecting MTC lesions, although the sensitivity
is lower in the liver as a result of nonspecific
uptake (Figure 27.6B) [76].

Since some therapeutic responses in MTC
have been reported using a somatostatin ana-
logue [77], the ability to demonstrate which
MTC patients may respond to this agent should
prove of great benefit given the high cost of
treatment. Therapy has been undertaken with
high doses of 111In octreotide utilizing the radi-
ation effect of Auger electrons [78]. Various 
90Y-labeled compounds have been evaluated
although some studies have reported renal tox-
icity as a dose limiting factor [79].

The importance of detecting recurrent dis-
ease to facilitate surgery and prolong symptom-
free survival has been emphasized earlier.
Numerous studies have been undertaken with
18FDG in patients with calcitonin elevations
indicating the site of recurrent MTC (Figure
27.8). A multicenter study by Diehl et al. [80]
concluded that 18FDG is sensitive in detecting
recurrent disease and compares favorably 
with other radionuclide and non-radionuclide
imaging techniques. Other studies have sug-
gested that 18FDG-PET imaging is more sensi-
tive in patients with rapidly progressive disease
than in patients with slowly rising calcitonin
levels [81].

Results from imaging with monoclonal anti-
bodies have been varied, ranging from 0% 
with anticalcitonin antibody to 78% with 131I-
anti-CEA antibody. The results of imaging with
monoclonal antibodies in patients with MTC
have been compared with imaging with other
radiopharmaceuticals by a number of groups.
Cabezas et al. [16] compared imaging with 131I-
anti-CEA antibody and 131I-MIBG and showed
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Figure 27.7 131I-MIBG posttherapy scan in a patient with
metastatic medullary thyroid cancer. Good uptake of therapy
dose at metastatic sites is identified.
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significantly higher lesion detection with the
antibody. They also compared the relative sen-
sitivity of CT imaging with the two radionuclide
techniques and showed that CT imaging was
also inferior to 131I-anti-CEA imaging. Sandrock
et al. [71] compared the results of imaging with
131I-MIBG, 201Tl, and 111In-anti-CEA antibody
and also concluded that imaging with the anti-
body yielded the best results. Troncone et al.
[70] evaluated 99mTc(V)-DMSA, 131I-MIBG, and
131I-anti-CEA antibody and showed that the 
sensitivity of imaging with 99mTc(V)-DMSA and
131I-anti-CEA antibody was far superior to
imaging with MIBG. As the target to back-
ground ratio of anti-CEA antibody is low, the
Marseille group have developed a two-step tar-
geting technique of a bispecific antibody. The
first arm (Fab fragment) recognizes the CEA
tumor expression and the second arm (Fab 
fragment) is specific for the bivalent di-
DTPA–indium hapten. In the first step of the
process the non-labeled antibody is injected
and binds to the tumor cells expressing CEA,
Four to 5 days later, the bivalent hapten which is
radiolabeled is injected and binds to the anti-
hapten arm of the antibody. In the interval
before injection of the radiolabeled compound
bispecific antibody is gradually degraded by
normal tissues [82]. Preliminary studies have
been encouraging in a French multicenter study
in patients with MTC and preliminary results of
a phase I/II clinical trial been published [83].

Juweid et al. [84] explored high dose 131I-MN-
14F(ab)(2) anti-CEA antibody and autologous
hemopoietic stem cell rescue in patients with
rapidly progressive disease, with all patients
achieving disease stabilization and some
showing tumor regression. The same group has
also undertaken animal studies using combina-
tions of 90Y-labeled CEA antibody with doxoru-
bicin and Taxol. The efficacy of the combined
treatments was greater than either treatment
given alone [85].

Imaging studies in patients with MTC using
111In diethylenetriamine pentaacetic acid-
Dglu(1)-minigastrin have demonstrated a 91%
sensitivity for detecting tumor, even in patients
with occult disease. Dose escalation studies are
now being undertaken to assess the efficacy 
and toxicity of 90Y-minigastrin in patients with
advanced metastatic disease. Initial results are
reported as promising although nephrotoxicity
is a major concern [22]. A summary of the
advantages and disadvantages of the various
radiopharmaceuticals used to image patients
with MTC is given in Table 27.1.

Conclusion
Nuclear medicine imaging continues to have an
established role in the management of patients
with papillary and follicular thyroid cancers,
with 131I scanning remaining the routine

ANTERIOR CORONAL SAGITTAL
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Figure 27.8 18FDG-PET scan in patient with history of medullary thyroid cancer and a rising calcitonin. Other imaging investigations
failed to identify the location of recurrence but the 18FDG-PET scan demonstrated uptake in bihilar nodes. As recurrence was inop-
erable, patient was referred for chemotherapy.
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imaging technique for localizing remnant and
recurrent disease. The development of recombi-
nant human TSH offers increased flexibility for
imaging and treatment, whilst reducing the side
effects of thyroxine withdrawal. The newer
radionuclide imaging techniques remain under-
utilized, despite good evidence for their sensi-
tivity in detecting tumor recurrence. The
development of new agents continues with 
the potential for new therapeutic agents. The
importance of the development of evidence-
based strategies for the optimal integration of
radionuclide imaging in the diagnosis and
follow-up of patients with thyroid cancers needs
to be recognized.
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Technique and Normal
Appearances
Images in computed tomography (CT) are
reconstructed mathematically from data
derived from multiple X-ray projections through
the region of interest in the patient [1]. Origi-
nally data were acquired one slice at a time; after
each exposure the patient would move a specific
distance along the scanner table and the proce-
dure would be repeated. Numerous technical
advances have dramatically increased the speed
and quality of the technique since its announce-
ment in 1972 (for example improvements in
detector sensitivity and efficiency, power of the
X-ray beam, computational power and speed).
Probably the most important innovation has
been the development of slip ring technology,
which allows the continuous rotation of the X-
ray source as the patient moves through the
scanner. This is the basis of spiral (helical) scan-
ning, named after the helical pattern the X-ray
beam traces around the patient. This has been
followed by the development of CT scanners
employing more than one bank of detectors
(multislice or multidetector CT) [2]. This tech-
nique has permitted substantial increase in
speed and quality of scanning. Thin slices (1 mm
or less) can be obtained over large areas and
patients can be scanned in a matter of seconds
(for example the entire chest during suspended
inspiration). It also facilitates high quality
reconstruction in any plane or as a three-

dimensional representation. These advantages
can be further enhanced by increasing the
number of detectors. Initial experience was with
four banks of detectors (four slice scanners).
Currently 16 and 32 slice scanners are com-
mercially available; 64 and 128 slice scanners 
are being developed. The rapid acquisition of
good quality images is especially useful in
patients who are unwell and restless or with
bulky tumors which cause them to swallow 
continuously.

The protocol for CT scanning will vary
between centers, relating to local experience
and equipment. The underlying principle for
any head and neck tumor is to obtain high
quality images of the primary tumor and adja-
cent areas of potential direct spread and to
extend the scan to screen the area of predicted
lymph node drainage. Conventionally CT proto-
cols could be described in terms of slice thick-
ness, which would correspond to the actual
thickness of the slice that was exposed at the
time of the investigation. So relatively thin slices
would therefore be obtained following contrast
through the primary tumor, say 3–5 mm [3],
while thicker slices of the order of 8–10 mm
were recommended for the rest of the neck.
Some authorities would also suggest a relatively
thick slice scan (8–10 mm) through the area of
interest before contrast was administered. Axial
scans are routinely obtained but coronal images
should also be generated to demonstrate parti-
cular features such as contiguous extension into
the mediastinum. When considering multislice
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scanners (which are likely to become universally
available in the not too distant future) the prin-
ciple of obtaining relatively thin slices through
the area of interest is retained but is derived in
a more virtual way. It is more useful to think in
terms of the scanner acquiring a volume of data
which can be displayed in a variety of ways. If
the table on which the patient lies moves rapidly
through the scanner as the X-ray tube rotates,
then the effective slice thickness increases. Con-
versely if the table movement is slower, then the
effective slice thickness falls. If a 16 slice scanner
is considered; each row of detectors is around
0.75 mm thick. Therefore the thinnest effective
slice thickness that can be acquired is 0.75 mm.
This would only be acquired if the scanner is set
so that the table on which the patient lies moves
forward 12 mm for each rotation of the tube
(this can be referred to as a pitch of 1). This
would be associated with a considerable radia-
tion dose to the patient but would produce high
quality data through the area examined. In prac-
tice for head and neck work a larger effective
slice thickness of 1.5 mm is recommended [4].
This still permits excellent quality reconstruc-
tions in any plane but involves half the radiation
dose (obtained by having the scanner set so 
that the table advances 24 mm per tube rotation;
pitch of 2). In routine clinical use axial recon-
structions plus coronal and (for specific ques-
tions) sagittal reconstructions are sufficient.
Iodinated material used for CT contrast will
reduce subsequent 131I uptake by thyroid tissue
for 4 to 8 weeks [5]. Therefore the timing of the
sequence of examinations should be thought
out in advance or the alternative modality of
MRI considered. In most circumstances where
CT is performed for thyroid cancer it would
appear logical to extend the examination to
include the chest to search for pulmonary
metastases.

The principles underlying magnetic reso-
nance imaging (MRI) are relatively simple,
although the applications can be extremely
complex [6]. The following summary merely
attempts to give some idea of the underlying
concepts. All nuclei carry a positive charge (by
virtue of the protons present) and are known 
to spin. A spinning positive charge behaves like
a small magnet. In biological tissue by far 
the most numerous and important nucleus is
hydrogen, containing a single proton. Although
functional MRI (largely experimental) may

image different nuclei (notably phosphorus),
clinical MRI is essentially concerned with pro-
ducing images that reflect the distribution of
hydrogen nuclei and to a certain extent their
environment (what sort of chemical bonds and
structures they are involved in). Normally the
spinning protons are randomly aligned, as are
the small magnetic fields they produce, and
therefore there is no net magnetic effect. If,
however, the patient is placed within a huge
magnetic field (from 0.15 to 3.0 tesla or more 
in some experimental scanners) there will be a
predominant alignment along the axis of the
field. This is referred to as the magnetization of
the sample. In order for an MRI signal to be 
produced the magnetization must be deflected
from this parallel state. This can be achieved by
the application of a second magnetic field per-
pendicular to the original field. This deflects the
magnetization. As soon as the net magnetiza-
tion is deflected from its initial state it starts to
precess like a spinning top, due to the angular
momentum of the spinning protons. In order to
produce a deflection of the net magnetization
the deflecting field is made to vary sinusoidally
at the same frequency as the magnetization pre-
cesses. This can be regarded as a resonance phe-
nomenon. The frequency of sinusoidal variation
is in the radiofrequency range and hence the
deflecting field may be referred to as a radio-
frequency field. The coil that produces the
deflecting field is often referred to as the
radiofrequency (RF) coil. When the deflecting
pulse is switched off there is a tendency for the
magnetization to return to the original axis.
As it moves towards its original alignment it
induces an electric current in the RF coil. This
current is the basis for one of the major com-
ponents of the resultant MR image and is often
referred to as the free induction decay (FID).
Three important parameters affect the FID,
namely T1, T2, and spin (proton) density. Before
the deflecting pulse is transmitted the spinning
protons are in a low energy state. After the pulse
they have been deflected to a high energy state.
They will gradually lose energy as they return
to their initial state, a change that shows an
exponential time course and has a constant
referred to as the T1 relaxation time. This may
also be called the spin–lattice relaxation time,
indicating it is related to energy transfer from
excited protons to the environment. There is
also a tendency for the numerous components
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of the magnetization (the spinning protons) to
dephase with respect to each other. This dephas-
ing shows an exponential pattern over time,
with a time constant of T2. The T2 relaxation
time is a property of the tissue under investiga-
tion and it generally increases with disease.
Alternatively it may be called the spin–spin
relaxation time, the name indicating it is related
to interactions between the spinning protons.
The FID is proportional to the spin density, that
is, the FID is related to the number of protons
involved in the MR process per unit volume.

Utilization of these parameters to form an
MR image becomes quite complex since the
above account considered only a single
deflecting pulse. The production of images
usually involves a sequence of pulses. Varying
the strength and timing of the transmitted
pulses, the timing of reception of the induced
signals (time to echo, TE) and the rate of repe-
tition of the whole sequence (time to repetition,
TR) determine the characteristics of the result-
ant image. Generally sequences with short TEs
and TRs are T1 weighted (T1W), sequences 
with long TEs and TRs are T2 weighted 
(T2W). Various designer sequences have
evolved including fat suppression sequences,
which are particularly useful to induce lymph
nodes and other areas of pathology to stand out
against background fat.

An intravenous contrast agent has been
evolved for use in MRI. This is based on gadolin-
ium which is chelated (Gd-DTPA) to make it safe
to administer [7]. Gadolinium is a paramagnetic
material that shortens the T1 and T2 relaxation
times.At the normal doses used (0.1–0.2 mm per
kg body weight) only T1 shortening is observed.
Areas that take up Gd-DTPA therefore appear of
increased signal intensity (brighter) on T1W
scans. Tissue uptake of gadolinium is related 
to perfusion (avascular structures will not
significantly increase their signal) and the
integrity of the small vessels. Tissues that
enhance include intensely vascular tissues such
as nasal mucosa and diseased tissues such as
areas of tumor and inflammation.

MRI and CT are powerful imaging tools 
and the choice of which modality to use is not
always straightforward. MRI shows exquisite
soft-tissue contrast [8] and will therefore better
demonstrate tumor invasion of structures such
as strap muscle, larynx, and esophagus. It does
not involve ionizing radiation and this may 

be important, especially in younger patients.
Traditionally it had the disadvantage of lower
resolution and higher susceptibility to motion-
induced degradation of images. However,
although these problems have not been entirely
overcome, each generation of scanner continues
to improve image resolution and reduce scan-
ning time. MRI offers imaging in any plane,
which was an advantage over CT, but with the
advent of multislice CT scanners this is equally
offered by CT. MRI scanners are generally more
claustrophobic than CT scanners and some
individuals are unable to tolerate the procedure.
Fine bone detail is not seen on MRI, although
this may not matter in most situations and 
MRI is very sensitive to tumour infiltration 
of marrow. However, areas of calcification are
much better seen on CT, which may be helpful
in assessing thyroid carcinoma (although since
the diagnosis is still histological this may not
matter that much). Some foreign bodies are
potentially dangerous in the powerful mag-
netic field of the MR scanner [9,10]. These
include pacemakers, spinal dural electrodes,
some shrapnel, heart valves, intradural clips and
cochlear implants, and some intraorbital
foreign bodies [11]. The biggest advantage that
CT has currently is the ease with which the chest
can be assessed at the same time as scanning the
neck. However, given the constant and rapid
advance of these fields of technology this is
likely to be a fleeting situation.

MRI scanning protocols vary considerably
between centers, partly related to the availabi-
lity of scanning time, the preferences of the
radiologist and the capabilities of the MRI
scanner (which may vary in field strength and
software).As with CT, high quality images of the
primary tumor and its potential sites of direct
invasion should be obtained and the area of pre-
dicted lymph node drainage should be included
[12]. Scanning should be performed in multiple
planes and in some centers will include sagittal
as well as coronal and axial images. A T1W
sequence is routine in most institutions, often
repeated in two planes after intravenous con-
trast. A sequence in which signal from fat is
largely absent is useful; either a STIR sequence
or a post contrast fat suppression sequence is
useful to facilitate demonstration of abnormal
lymph nodes.

MRI scanners continue to improve in terms of
speed and image quality. Scans used for radio-
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therapy planning are generally in the 0.2 to 
1.0 T (tesla) range and based on resistive
magnets. Most diagnostic scanners are based on
a super-conducting magnetic field of 1.0 to 1.5
T. Larger field strengths, generally 3 T (but up to
9 T or more in some research situations), may be
utilized. There are potential safety problems
(nerve stimulation, for example, with very high
field strengths) and a current lack of evidence to
suggest routine imaging will be of better quality
(brain imaging possibly excepted). However,
scanning at this strength does facilitate the per-
formance of magnetic resonance spectroscopy.
This technique has largely been a research tool
in neurological conditions but is also being used
to assess tumor metabolism. Relatively low field
spectroscopy (1.5 T) is also becoming techni-
cally feasible. Potentially this technique may
detect malignancy in difficult situations (low
volume and/or within previously treated sites)
and offer a potentially extremely useful tool in
oncology,especially in the detection of recurrent
tumor and the effects of treatment [13].

The normal thyroid gland has homogeneous
high density on CT due to the high iodine
content. On MRI it appears as an intermediate
signal on T1 weighted sequences and interme-
diate to low on T2 weighted sequences. It shows
intense diffuse enhancement with intravenous
contrast on both CT and MRI.

Thyroid Cancer
The use of CT and MRI in the management of
thyroid cancer can be considered in two situa-
tions: preoperative assessment and the follow-
up of treated disease. The commonest situation
preoperatively is that of a solitary or a dominant
thyroid nodule. Cytology, ultrasound, and the
clinical picture may indicate a likely diagnosis
but often a definitive diagnosis is not available

until formal histology can be performed on the
operative specimen. In this situation CT and
MRI have little to add and are not routinely indi-
cated. However, one of these modalities may be
useful when the limits of an enlarged thyroid
cannot be determined with ultrasound or if
there is evidence of a locally advanced tumour,
for example clinically fixed in the neck or asso-
ciated with hemoptysis [14].

In these patients the function of the imaging
modality is not diagnosis but staging; particu-
larly to advise the surgeon about extension into
critical areas and structures, notably the adja-
cent muscles, the carotid arteries, the trachea,
larynx, pharynx, esophagus, and the medi-
astinum. Small tumours visible on ultrasound
(less than 10 mm diameter) may be completely
overlooked on CT and MRI; ultrasound is pre-
ferred therefore if preoperative assessment of
the presence of a multifocal tumor is required
[15]. The appearance of thyroid malignancies is
variable but generally they are intermediate
signal on T1 weighted and high signal on T2
weighted sequences [16]. They may be ill
defined but at least as often are well defined
when they cannot confidently be distinguished
from benign thyroid nodules. Different forms of
thyroid malignancy cannot be confidently dis-
tinguished on imaging although some sugges-
tive features have been described and may be
observed (Table 28.1).

Papillary carcinoma is usually relatively
small, well defined, and localized. A minority,
however, are locally invasive and may invade
throughout both lobes of the thyroid or out of
the thyroid into adjacent structures, including
the larynx and trachea and, less often, the
esophagus. Areas of cystic necrosis are often
present within the tumor (Figure 28.1). Punctate
or cloudy calcific areas (psammoma bodies)
may be apparent on CT and multifocal deposits
are not uncommon (Figure 28.2). Lymph node

Table 28.1 Imaging features of thyroid carcinoma on CT and MRI

Calcification Necrosis Invasive

Papillary +/-, punctate, cloudy +++/- --/+
Follicular ---/+ -----/+ --/+
Medullary +/-, coarse ----/+ --/+
Undifferentiated +++/-, amorphous +++/- +++/-
Lymphoma -----/+ -----/+ +/-

Rare -----/+, uncommon ---/+, occasionally --/+, sometimes +/-, often +++/-.
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metastases are extremely common, up to 50% of
cases at presentation, and may be bilateral.
Lymph nodes may show calcification and vary
from entirely solid and hypervascular to largely
or entirely cystic.

Follicular carcinoma is also occasionally
aggressive and locally invasive. They are rarely
cystic and are much less commonly associated

with lymph node metastases (roughly 10%).
Anaplastic carcinomas are classically locally
invasive into a variety of structures including
the great vessels of the neck and the trachea 
and larynx (Figure 28.3). They often show 
substantial cystic necrosis and hemorrhage.
Amorphous calcification is common. Lymph
node metastases are common and up to a
quarter involve the mediastinum. Medullary cell
carcinoma is usually solid and may show coarse
or psammomatous calcifications and local inva-
sion [17]. Up to 50% are associated with neck
and mediastinal lymph node involvement.
Around one third of these tumours are familial
and may be associated with multiple endocrine
neoplasia, in which case they are often bilateral.
Thyroid lymphoma is almost always primary
and often associated with hashimoto’s disease.
It usually appears as a solitary mass, occasion-
ally as multiple nodules. It rarely necroses
(Figure 28.4).

Metastases to the thyroid constitute around
2% of thyroid cancer (although some series
report up to 17% [18]). They most commonly
arise from primary bronchial or breast carci-
noma, sometimes from elsewhere including
malignant melanoma and renal cell carcinoma.
They have nonspecific malignant appearances
and may demonstrate local extraglandular inva-
sion. If they arise from squamous cell carcinoma
then they may reflect the tendency of that tumor
to demonstrate substantial necrosis (Figure
28.5).

Conventional tnm staging of thyroid cancer is
primarily clinical, supported by ultrasound and
other imaging findings. In day-to-day practice
the radiologist is probably serving the surgeon
best if he adequately describes the areas
involved by tumor and indicates the degree of
confidence he feels. Ultrasound appears to be
the superior modality for the assessment of
tumor extent within the thyroid gland but once
extracapsular extension has occurred MRI or
CT is indicated, particularly for the diagnosis of
invasion of the aerodigestive tract (Figure 28.6)
Which has been reported in around 6.5% of
patients [15].

The British Thyroid Association recommends
that all lymph nodes within the central com-
partment of the neck including the pre- and
paratracheal nodes should be removed [14]
(level VI node dissection) and that lymph nodes
lying along the carotid sheath and internal

Figure 28.1 Transverse MRI scan through the thyroid (T2
weighted image) showing a relatively centrally placed papillary
carcinoma of the thyroid (arrows) with central cystic change.
Multiple abnormal lymph nodes are seen bilaterally (arrow-
heads) in the internal jugular and posterior cervical chains, also
showing cystic change and representing metastatic disease.

Figure 28.2 Transverse post-contrast CT demonstrating small
bilateral papillary carcinomas, both showing substantial cystic
change centrally. Small calcific foci are also discernible 
(arrowheads).



jugular vein (levels II to IV) should be palpated;
suspicious nodes should be sent for frozen
section with a view to selective neck dissection
of levels proving positive. Radical neck dissec-
tion is therefore not routinely recommended.
As indicated above, routine preoperative CT 
or MRI is only recommended for clinically
advanced disease and then principally to stage
the primary tumor. Ultrasound should have
been performed and neither CT or MRI is likely
to improve the detection of lymph node metas-
tases substantially, except arguably for some rel-
atively inaccessible lymph nodes, particularly
inferior to the thyroid and beyond, into the
superior mediastinum. Normal lymph nodes
are routinely visible on CT and MRI and may
have a maximum diameter anywhere between 
2 and 25 mm. Lymph node metastases are
common with thyroid cancer, especially papil-
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Figure 28.3 Transverse MRI scan (T2 weighted) through the
thyroid and neck. The remaining normal thyroid gland is seen 
as relatively low signal compared with the ill-defined mass of
anaplastic carcinoma arising from the posterior aspect of the right
lobe (A). The tumor extends posteriorly, coming to lie against the
prevertebral muscles and laterally to encase the carotid artery
(arrow). Posteromedially the tumor extends round the back of the
trachea, which it invades posteriorly (arrowhead), and abuts the
esophagus (arrowhead), which is also probably invaded. For com-
parison a transverse post-contrast CT scan (B) on the same patient
demonstrates the irregular tumor enhancing poorly compared
with the intensely enhancing normal thyroid. Once again carotid
artery encasement is seen (arrow) and also invasion of the stern-
ocleidomastoid muscle (arrowheads). Further inferiorly at the
level of the thoracic inlet (C) the trachea is grossly narrowed by
extensive tumor, the airway (arrowheads) reduced to a narrow
slit.

lary carcinoma, being present in up to 50% or
more in papillary carcinoma at presentation.
The lymph nodes, however, will often remain
small. Therefore conventional size criteria for
abnormal nodes (greater than 10 mm transverse
diameter in the upper neck, 9 mm elsewhere) are
insensitive for the detection of metastases.
Attempts to increase sensitivity by reducing 
the accepted upper limit of normal to 7 mm in
the jugulodigastric and 6 mm at other levels in
the neck leads to substantial numbers of false
positives. Nodes may change shape with
involvement, becoming rounded instead of the
normal well-defined elliptical/bean-shape, and
the number of lymph nodes may increase 
substantially. These signs, however, can be 
subjective and give rise to considerable over-
lap with benign lymph nodes. There does
appear to be a strong tendency for the normal
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Figure 28.4 Transverse MRI (T2 weighted image) demonstrat-
ing a homogeneous mass of lymphoma arising from the right
lobe of an atrophic thyroid (long-standing Hashimoto’s disease)
and extending widely in the right supraclavicular fossa and pos-
terior to the thyroid. The patient was elderly and has a marked
thoracic kyphosis, hence the appearance of the upper ribs in this
plane.

Figure 28.5 Coronal MRI (STIR sequence) demonstrating squa-
mous cell carcinoma metastasis to the right lobe of thyroid
showing the characteristic necrotic appearance of this process.
There is a large right upper cervical nodal metastasis (arrow)
showing similar necrosis and a halo of high signal edema
(arrowhead) indicating extranodal extension.

A

B

Figure 28.6 Coronal MRI scan (STIR sequence) showing enor-
mous enlargement of the thyroid gland by lymphoma (A).
Tumor extends in all directions, including into the mediastinum
but also superomedially into the larynx and pharynx (arrow-
head). Tumor can be seen on the transverse T2 weighted image
(B) extending into the posterior aspect of the right vocal cord
and the hypopharynx (arrowheads).

architectural pattern (focal fat at the hilum;
appearing on CT as low density and on MRI as
high signal on T1 and T2 weighted sequences,
low signal on fat suppression sequences) to 
disappear early. Cystic change in the lymph
nodes is common (Figure 28.7), reported in
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Figure 28.7 Coronal MRI scans demonstrating papillary carci-
noma lymph node metastases. In the first example there is a 
dominant markedly enlarged left level III lymph node (A, STIR
sequence) showing loss of normal architectural pattern and
considerable heterogeneity. The T1 weighted sequence (B)
shows the classic high signal cystic areas within the diseased
node mass; heterogeneous appearances with high signal cystic
areas are also demonstrated on the T2 weighted sequence (C).
The second patient shows more extensive bilateral lymph node
metastases, especially on the right.They are easily visible on the
STIR sequence (D) while the T1 weighted sequence (E) once
again demonstrates the high signal cystic areas characteristic
of this condition.
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around 50% of patients on MRI [15]. These
changes are likely to be due to thyroid protein
(colloid or thyroglobulin), hemorrhage, or
tumor necrosis. Papillary thyroid carcinoma
may also give rise to calcification within
involved lymph nodes, best seen on ultrasound
or CT.

Following treatment life-long follow-up is
required. This will be primarily clinical and 
biochemical with an appropriate isotope scan 
if recurrence or metastatic disease is sus-
pected (radioactive iodine for papillary or 
follicular thyroid cancer) [18]. Ultrasound,
potentially with guided aspiration biopsy, is
likely to be first line for clinically or isotopi-
cally evident local recurrence. CT or MRI is
indicated to evaluate local recurrence in the
neck if this is inadequately delineated with
ultrasound or if it extends into the thorax. They
may also be used to evaluate thoracic metas-
tases, CT being the modality of choice for this
purpose.

In contrast to most other head and neck
cancer surgery, there is usually only modest
postsurgical change in the neck on scanning.
Often a neat scar at the thyrodectomy site is
seen on CT or MRI. In the acute stage this will
have a fairly active appearance. Loss of tissue
planes, edema, distortion/swelling of normal
structures, and engorgement of lymphatics can
be identified on CT and MRI. High signal on
T2W and STIR sequences is seen in edematous
fat and other tissues on MRI. Tissue that has
been traumatized by surgery will also show
enhancement with gadolinium. However, it is
rare that the neck needs to be imaged in the first
few weeks after surgery and most of these acute
changes will resolve by 6 weeks, although in
some patients a stable postoperative appearance
may not be apparent until 12–18 months fol-
lowing intervention. As the tissue matures the
signal spectrum will generally fall towards
intermediate to low on all sequences with the
disappearance of enhancement. The stereotypi-
cal scar tissue of more than 6 months’ age is
therefore fairly inert in appearance on MRI. By
comparison deposits of recurrent tumor have a
more active appearance (Figure 28.8) with
enhancement following intravenous contrast
and elevation of signal on the T2 weighted
sequence [5].

Key Points in MRI and CT 
of Thyroid

• MRI and CT have very little role in the
detection and assessment of thyroid cancer
confined to the thyroid gland, a situation
much better assessed with ultrasound.

A

B

Figure 28.8 MRI scan 4 years after thyroidectomy for medullary
thyroid carcinoma. The post-contrast transverse T1 weighted
image (A) demonstrates a substantial enhancing mass of recur-
rent tumour (arrowheads) lying against the trachea at the tho-
racic inlet. This is seen as a heterogeneous but predominantly
high signal mass on the STIR sequence (B), which also demon-
strates recurrent disease in the lymph node drainage (arrows).
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• MRI or CT is indicated where there is a
suspicion of a locally advanced tumor or in
the assessment of recurrent disease.

• In the context of staging, both MRI and CT
will demonstrate local invasion of critical
structures (such as the aerodigestive tract)
by thyroid cancer, although MRI is likely to
be more accurate.

• CT is still the investigation of choice for the
assessment of pulmonary metastases.
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Section IX
Papillary Microcarcinoma



Introduction

Papillary thyroid carcinoma is the most
common type of differentiated thyroid carci-
noma [1]. The majority of these lesions are
small [2]; those whose diameters measure £1 cm
have been designated by the World Health 
Organization as papillary microcarcinoma of
the thyroid (PMCT) [3]. In the older literature,
they were frequently referred to as occult
thyroid cancers since most were first discovered
at autopsy; others, now usually designated as
incidentalomas, were identified in operative
specimens submitted for nonmalignant diseases
of the thyroid [4]. One conclusion drawn from
these discoveries is that PMCT seldom con-
stitutes a clinically significant problem [5] 
and, therefore, may not require a therapeutic
response. One group [6] has even proposed that
solitary PMCT be renamed as “papillary micro-
tumor” to reflect its benignity and to eliminate
the emotionally charged diagnosis of cancer [6].

Today, many PMCTs are no longer occult or
incidental, but are discovered in life and prior to
head and neck surgery [7]. This change results
from the expanded use of high resolution neck
imaging [8] and from the expanding application
of ultrasound-guided fine-needle aspiration
biopsy (FNAB) of eventing thyroid nodules [9].
Despite the fact that not all PMCTs are without
complications [10], the prognosis of PMCT
remains excellent, and the disease is seldom
fatal. Because of this, there is no consensus con-

cerning the management of PMCT. Controversy
persists regarding the extent of appropriate
intervention or whether any intervention is nec-
essary at all beyond follow-up. A review of the
literature suggests, however, that reasonable
guidelines can be developed to aid in decision-
making.

In this chapter, we will use the term inciden-
tal to refer to a PMCT found at autopsy or in 
an operative specimen removed for other than
known thyroid malignancy. Non-incidental
will refer to lesions diagnosed by palpation or
by another technique such as ultrasound (US)
prior to any therapeutic intervention. Occult
PMCTs will refer to those that are unsuspected
by history or physical examination but are
known to exist because of some distant mani-
festation, usually a metastasis.

Prevalence
Autopsy studies are a major source of infor-
mation regarding the prevalence of PMCT.
Numbers depend, undoubtedly, on how finely
thyroid glands are sectioned [11], how thor-
oughly they are reviewed, and the criteria used
for the diagnosis of malignancy. Differences in
prevalence may also be due to factors such as
geography, diet, and exposure to radiation. In 
a study of 408 consecutive autopsies from
Tokushima, Japan, Yamamoto et al. found 64
papillary carcinomas in 46 individuals, an inci-
dence of 11.3% [12]. They cite other Japanese
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studies using different methods of examina-
tion in which incidences were reported to be
between 8.0% and 28.4%. In the Yamamoto
study, there was no significant difference in inci-
dence between males and females; however,
multiple foci were observed in 38% of the men
but only 20% of the women. Of the 14 cases with
multiple foci, 10 involved both lobes. The overall
incidence of PMCT was not related to age. Most
tumors were less than 4 mm in diameter and
tumor size likewise did not correlate with age.
There was a high incidence of malignancy in
subjects who also had adenomatous goiters.
Based upon their histologic observations the
authors postulate that PMCTs arise initially as
minute lesions showing mainly a follicular
pattern and, as they grow, they develop fibrosis,
capsules, and a more papillary pattern. Metas-
tases to cervical lymph nodes were noted in only
two cases, both males ages 16 and 53. Their
tumors were non-encapsulated, had psammoma
bodies, and showed intrathyroidal metastatic
foci.

A lower incidence of PMCT was found in an
autopsy study from a rural area of Greece not
known for a high incidence of endemic goiter or
iodine deficiency [13]. Thyroid glands from 160
subjects who died following accidents, suicide,
or sudden death were examined. Twelve papil-
lary tumors were discovered, nine of which were
smaller than 1 cm, yielding a PMCT incidence of
5.6%. There was no preponderance of either sex
in these nine.A much higher incidence of PMCT
was found by Harach et al. [14] in a meticulous
study of 101 consecutive autopsies in Finland.
They found that 35.6% of thyroid glands had
one or more PMCTs; 66.7% were in nodular
specimens and 64% measured less than 6 mm.
There was no correlation between tumor size
and age. Sixteen of the 36 glands containing
tumors had multiple foci, many bilateral, and
were found predominantly in males. In fact, 64%
of the PMCTs in this series were discovered in
males. Since clinical papillary carcinomas are
much more common in women, the authors
suggest that promoting factors are more impor-
tant for their development than the mere exis-
tence of a PMCT. PMCTs were so common that
the authors regarded them as normal findings
and concluded that detection of a PMCT
without regional metastases should not result in
any treatment.

Lang et al. [15] evaluated thyroid glands from
1020 sequential autopsies in Germany. Sixty-

two papillary carcinomas were discovered, a 
6% incidence, with a slightly greater number in
males, a striking difference again, from the
female predominance in clinically apparent
thyroid cancer. There was no significant peak
age incidence. About one half of the PMCTs
were multifocal, with 65.5% of these being
found in both lobes. Regional lymph node
metastases were found in 14%, all but one from
the multifocal group. Of the 62 PMCTs, 41 (65%)
were designated as invasive, the remainder
being well circumscribed with or without a
capsule. It is from the invasive group that 
the lymph node metastases were noted. The
authors concluded that since these incidental
tumors showed no tendency to progress and
become clinically apparent with age, therapeu-
tic intervention would not be warranted when
discovered in life. In the United States, a study
from Memorial Sloan-Kettering of 5636 consecu-
tive autopsies on patients dying of cancer found
the rate of incidental, independent, primary
thyroid cancer to be only 6.4 per 1000 autopsies,
although histologic examinations were not so
thorough and not all tumors were necessarily
papillary [16].

Nishyama and colleagues in Michigan dis-
covered PMCTs in 13 thyroid glands (7 from
males) culled from 100 consecutive autopsies
[17]. In 7 of the specimens, lesions were multi-
ple. In Olmstead County, Minnesota, a meticu-
lous study by Sampson et al. [18] revealed 9
occult thyroid carcinomas from 157 autopsies
(5.7% incidence). Eight of the 9 malignancies
were papillary, with 3 being multifocal. Male sex
predominated in this study and there was no
suggestion that prevalence was associated with
advancing age.

Lastly, Fukunaga and Yatani [19] collected
1167 thyroid glands from autopsies performed
in different parts of the world: Canada, Japan,
Poland, Colombia, and Japanese living in
Hawaii. They sectioned the glands at 2–3 mm
intervals, and applied stringent criteria for the
diagnosis of thyroid carcinoma. They discov-
ered a total of 139 incidental malignancies, all
papillary save one, (11.9% total incidence),
women predominating 1.7/1, but not sig-
nificantly. Only two PMCTs were associated with
lymph node metastases. In spite of the fact that
the incidence of PMCTs in native Japanese and
those resident in Hawaii far exceeded those
from other countries, the incidence of clinical
cancers in this population was not significantly
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different from those of the other countries.
The authors proposed that the Japanese experi-
enced a greater exposure to initiating factors
than the other groups, but not to promoting
factors.

Another measure of the incidence of PMCT
can be gleaned from study of thyroid glands
removed surgically for benign indications. Fink
et al. [20] from Toronto collected 425 consecu-
tively resected thyroids between 1991 and 1995.
Seventy-one of these contained 118 PMCTs, 22
being multifocal. Fifty-one tumors from 343
women and 20 tumors from 82 men, an inci-
dence of 14.9% and 24.4% respectively, barely
missed significance statistically. Total thyroidec-
tomy specimens yielded more PMCTs than
lobectomies. The authors cite three other
studies, collectively equaling 3546 surgically
resected specimens for benign disease, with
PMCT prevalence of 5.5% in Japan, of 10.5% in
Italy, and of 10% from Canada. The peak occur-
rene of PMCTs in this study was between 40–70
years suggesting that these tumors took some
time to develop, and with aging, may have invo-
luted, supporting the notion that carcinogens
may incite tumor development, but promoters
are necessary for their uncontrolled growth. In
the Italian study cited above, Pelizzo and co-
workers examined serial 3 mm sections of thy-
roids from 277 consecutive patients operated 
for euthyroid and hyperthyroid multinodular
goiter, Graves’ disease, and functioning adeno-
mas [4]. Females predominated 3.4/1 and the
age range was 16–80 years. Twenty-nine PMCTs
were discovered (2–10 mm). They were found in
all patients except those with hyperthyroid
multinodular goiters (22/277 patients). PMCTs
were present in 17.1% of euthyroid multinodu-
lar goiters, 5.7% of the Graves’ patients, 2.5% of
patients with autonomous adenomas, and none
of those with toxic nodular goiters.

Interestingly, Delides et al. [21] the prevalence
of PMCT in Greek autopsy specimens compared
to 611 thyroids resected for benign indications.
The prevalence rate for the resected glands was
1.8% and for the autopsy specimens, 1.5%.
Ignoring the fact that the population of patients
for the resected gland group was on average
younger and predominantly female, and fre-
quently only one thyroid lobe could be exam-
ined, the authors’ conclusion that PMCTs in the
resected thyroid glands were coincidental and
not associated etiologically with the underlying
thyroid disease seems reasonable. However, a

question remains concerning the relationship
between thyrotoxicosis and papillary cancer.

When considering the prevalence of PMCT,
one cannot ignore its increasing recognition 
by serendipity owing to the increasing use of
high resolution US of the neck for a variety of
indications. Once identified, a nodule of very
modest size can often be biopsied successfully
under US-guided FNAB. Recognition of these
non-incidental lesions is a contributing factor to
the apparent rise in papillary thyroid cancer
incidence. However, these lesions may be the
very same tumors formerly identified only in
autopsy and postsurgical studies.

In summary, multiple studies reveal
significant geographic disparities in the preva-
lence of PMCT. With a few exceptions, most find
that the female predominance characteristic of
clinically apparent papillary thyroid carcinoma
does not apply to microcarcinomas. Further, the
incidence and progression of the latter is not age
dependent. In short, one postulate drawn from
the data is that PMCTs may be biologically dif-
ferent from clinically apparent lesions.

Etiology
The nature of the apparent geographic dispari-
ties in the prevalence of PMCT remains to be
defined. Purely technical matters such as the
stringency of the histological criteria used to
diagnose cancer, or the thickness of histological
sections do not adequately explain the differ-
ences. Dietary iodine, exposure to radiation, the
association of PMCT with Graves’ disease, and
genetic influences have all been explored.

Iodine
Iodine deficiency remains a worldwide pro-
blem, especially in Africa, Europe, and the
eastern Mediterranean [22]. In these three
areas, up to 56% of the general population,
including children, are deficient (urinary iodine
less than 100mg/L). Iodine deficiency may shift
the histological type of thyroid malignancy
from follicular to papillary. For example, in a
formerly iodine-deficient area of Argentina with
a stable population, the ratio of papillary to 
follicular carcinoma rose from 2.5 : 1 to 6.2 : 1
following the introduction of iodine prophy-
laxis [23]. The shift was noted in tumors both
less than and greater than 1 cm in diameter.
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Further, the incidence of papillary vs. follicular
lesions increased over time, the ratio being
greater in the second 10 years after the intro-
duction of iodine prophylaxis than in the first
decade. After iodine repletion both micropapil-
lary lesions and tumors greater than 1 cm
showed a decrease in psammoma bodies,
ground-glass nuclei, and calcifications.

In 1963, Austria, with a historically high inci-
dence of goiter, mandated the addition of 10 mg
of potassium iodide to each kilogram of table
salt, which later was doubled to 20 mg [24].After
the 10 mg supplementation, the ratio of papil-
lary to follicular carcinoma shifted from 0.2 to
1.1 [25]. After the 20 mg supplement, the ratio
rose to 2.6 in the period 1985–1989, and in-
creased sill further to 4.0 between the years
1990–1995. When iodine prophylaxis was intro-
duced into Switzerland, another region of
endemic goiter, a shift from undifferentiated 
to papillary carcinoma was noted as well [26].
While the overall incidence of thyroid carci-
noma appears to be on the increase, enhanced
iodine intake is not generally regarded as
responsible [27]. Iodine’s influence seems
mainly restricted to the determination of histo-
logical type.

A change in dietary iodine cannot always be
seen as an isolated, uncomplicated factor pro-
moting an observed change in tumor subtype.
Burgess describes how Tasmania and the
eastern coast of Australia were iodine-deficient
areas until, in 1966, potassium iodate was added
to the bread-making process and, around the
same time, dairymen began using an iodophor-
containing disinfectant which resulted in a rise
in the iodine content of milk [28]. Between 1974
and the mid-1980s both forms of iodine were
discontinued rendering the region iodine-
deficient once again. The predicted effect would
be a decrease in the ratio of papillary to follicu-
lar cancer. In fact, there was both an increase in
the total prevalence of thyroid cancer and a
significant rise in papillary tumors including
microscopic lesions. Follicular cancer incidence
stayed relatively flat. Burgess concluded that
greater identification of non-incidental lesions
could account for some but not all of the
observed increases in total and papillary
tumors. The area of the world in question was
exposed to radioactive fallout from the frequent
testing of nuclear devices in the 1950s and
1960s, a time when the population was iodine

deficient. Radiation may have induced tumor
formation, especially in the young, and when
iodine was sufficient, it may well have favored
the development of papillary cancer.

Another complex situation is that of Iceland
and Hawaii, both of which have high endoge-
nous iodine intake and a high prevalence of
thyroid carcinoma. In these two active volcanic
regions, natural radiation was suspected as
being responsible rather than iodine abundance
[29]. While unproven, the high dietary iodine of
this region may play some role by protecting
against the effects of radiation and thereby
modulating the overall incidence of thyroid
malignancy.

Ionizing Radiation
That radiation exposure favors the development
of thyroid carcinoma including the papillary
variety, and that the very young are especially
vulnerable, is unquestioned.Duffy and Fitzgerald
called attention to this as far back as 1950 in
their study from Memorial Hospital in New York
of 28 cases ranging in age from 4 to 18 years
[30]. Ten of their patients had had prior expo-
sure to X-ray irradiation of the head and neck
and the authors drew attention to this as an eti-
ological factor. Forty-six percent of the tumors
examined were papillary, but all were papillary
from the 10 that had been irradiated. Ron et al.
[31] summarized seven studies on thyroid
cancer incidence after the exposure of children
to external radiation administered as therapy,
often at low doses, for benign conditions such as
tinea capitis. They found that the diagnosis of
thyroid carcinoma was frequently not made
until 25–35 years after exposure.

The atomic bombs that exploded in
Hiroshima and Nagasaki, resulting in mainly
neutron and gamma irradiation in 1945 and the
subsequent testing of nuclear weapons, expos-
ing unprotected populations from radiation and
fallout, afforded the opportunity to study the
issue of ionizing radiation and thyroid cancer.
Sampson et al. [32] examined the thyroid glands
at autopsy of 3067 Japanese survivors who had
lived in proximity to the atomic detonations.
They discovered 536 thyroid carcinomas, a com-
bined incidence rate of 17.5% for both men and
women. Ninety-seven percent of the tumors
were PMCTs although tumors as large as 1.5 cm
were included in the series. Thompson et al. [33]
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summarized data on the incidence of solid
tumors diagnosed between 1958 and 1987 as
part of the extended Life Span Study Cohort of
atomic bomb survivors of Hiroshima and
Nagasaki. In regard to the thyroid, they found
that age at exposure was critical to the subse-
quent development of cancer and the data also
suggested a strong dose–response effect. The
risk of thyroid cancer was threefold higher in
those <10 years than in those who were 10–19
years old at the time of exposure. Persons older
than age 40 incurred no increased risk. Lund
and Galanti [34] reported on the incidence of
thyroid malignancy in Sweden and Norway,
countries exposed to fallout from Russian
nuclear testing during the years 1951–1952.
They found that exposure to radioactive fallout
in early childhood posed an increased risk of
papillary thyroid carcinoma. Furthermore, the
disease became manifest the earliest in those
with the highest level of exposure. Young adults
exposed at ages 20–24 did not manifest an
increase in papillary carcinoma.

In 1954, a high yield thermonuclear bomb
was detonated on the Bikini Atoll in the Pacific.
Because of a wind shift, fallout exposed inhabi-
tants on several atolls in the Marshall Islands, to
high levels of short-lived, very energetic iodine
isotopes as well as I-131 [35]. Twenty-two years
later, 40 of 243 exposed Marshall Islanders, 75%
of whom were exposed as children, manifested
palpable thyroid nodules. Of the 31 patients 
who went to surgery, 7 (22.6%) had malignant
lesions, mainly papillary or mixed papillary/fol-
licular. Two of the tumors were less than 1 cm in
size and 4 demonstrated localized metastases or
blood vessel invasion. Perhaps additional small,
nonpalpable tumors would have been discov-
ered had high resolution ultrasound examina-
tion been available.

The accident at the Chernobyl nuclear power
station in April 1986, which released unprece-
dented quantities of radioactivity including
short-lived isotopes of iodine, I-131, gamma
radiation, and other long-lived isotopes,
resulted in worldwide concern regarding its
potential damaging effects on the thyroid, both
locally and beyond Ukraine. Children received
the highest doses of I-131 by drinking cow’s
milk contaminated with the isotope [36].
Kazakov et al. reported in 1990, only four years
after the explosion, a sudden increase in thyroid
carcinoma in children in several regions of

southern Belarus, downwind to Chernobyl [37].
By mid-1992 they had diagnosed 131 cases of
thyroid cancer, 128 of which were papillary, 55%
of which were aggressive. Twenty-three percent
of the tumors were PMCT [38]. By 1991–1992,
the annual increase in thyroid carcinoma in
children and adolescents was 62 times greater
than in the 10 years preceding the Chernobyl
accident [38]. Baverstock et al. [39] corrobo-
rated the findings of Kazakov in Belarus and
noted that the 8 youngest victims of the explo-
sion diagnosed with thyroid carcinoma were in
utero past 3-months of fetal age at the time of
the disaster. A rise in the I-131 content of milk
immediately after the Chernobyl accident has
been documented in some key cities in the
United States. In Connecticut, about 4320 miles
from Chernobyl, a small but statistically
significant increase in thyroid carcinoma was
documented 4–7 years after the Chernobyl
catastrophe [39a]. The rise in incidence was
similar for both males and females. Although
the size and type of the tumors was not men-
tioned, a previous study done in Connecticut on
the effects of ionizing radiation showed the pre-
dominant type to be papillary [40]. A future
silent but significant source of external radia-
tion may be cosmic in origin caused by the
current progressive weakening of the earth’s
magnetic field, which ordinarily deflects such
radiation [41].

Benign Thyroid Disorders Associated
with PMCT
Many papers have been written concerning 
the coexistence of thyroid cancer and 
Graves’ disease. Some conclude that there is an
increased incidence of malignancy and specu-
late that thyroid-stimulating immunoglobulins
may act to promote and sustain thyroid cancer.
Others conclude that the incidence of thyroid
carcinoma in patients with Graves’ disease may
not be greater than in the general population.
Valana et al. published a retrospective study of
1853 hyperthyroid patients, 512 of whom went
to surgery [42]. Of this number, 108 had Graves’
disease, 251 had toxic multinodular goiters, and
153 had a single toxic nodule. Papillary carci-
noma was discovered in 24 (4.7%) of the 512
patients, 7 of whom had Graves’ disease. Three
of the 7 tumors were non-incidental and diag-
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nosed by US and FNAB preoperatively. All 
7 were papillary and none were larger than 
1.5 cm. Fourteen of the remaining patients in the
other groups had papillary lesions as well, 10 of
which were less than 1 cm in diameter. In their
paper, the authors also summarized the findings
from 13 published studies dealing with the
coexistence of hyperthyroidism and thyroid
malignancy. The incidence ranged from 0.5% to
21%, papillary lesions predominating.

In 1990, Belfiore et al. highlighted an in-
creased aggressiveness of thyroid cancer occur-
ring in patients with Graves’ disease [43].
Compared to patients with thyroid cancer asso-
ciated with non-autoimmune, autonomously
functioning thyroid nodules or euthyroid
nodular goiters, the tumors of Graves’ disease
patients were more locally invasive, more often
multifocal, and more often associated with
lymph node and distant metastases. Granted
that those going to surgery were preselected, it
is noteworthy that patients treated with radioio-
dine (RAI) did not develop clinically apparent
disease in follow-up, although the length of that
follow-up was not stated. It is possible, however,
that RAI therapy had a destructive effect on
malignant cells. In response to this and other
papers in the literature, Mazzaferri concluded
that the high prevalence of thyroid malignancy
associated with Graves’ disease was not solely
because thyroidectomy exposed the presence of
incidental tumors [44]. While large papillary
lesions are uncommonly aggressive in the
setting of Graves’ disease, many carcinomas in
Graves’ patients are less than 5 mm in diameter.
The management of these usually indolent
tumors is debatable, but Mazzaferri pointed 
out that they might prove troublesome in the
setting of high titers of thyroid-stimulating
immunoglobulins.

Pellegriti et al. reported on 950 patients with
Graves’ disease [45]. Of the 450 who went to
surgery, 35 had thyroid cancer. Fifteen of the
tumors measured less than 1.5 cm. and 91%
were papillary thyroid carcinoma. Sixty percent
of the patients had a high risk of recurrence and
new distant metastases, and three manifested
pulmonary metastases at the time of diagnosis.
The 15 subjects with small-size cancers did not
exhibit aggressive behavior in long-term follow-
up. Hales et al. reported on 16 cases of thyroid
cancer associated with Graves’ disease [46]. The
mean tumor diameter was 0.9 cm. Hales et al.

found no difference in disease progression in
these patients with small tumors compared to a
sex- and age-matched euthyroid papillary
cancer group.

Since thyroid nodules are frequently encoun-
tered in Graves’ disease patients, should thyroid
ultrasound become routine and an FNAB be
performed if a nodule of any size is detected?
Cantalamessa and associates addressed this
question in 315 consecutive patients with
Graves’ disease [47]. They detected nodules in
128 subjects, 22 of which were less than 8 mm in
diameter. These nodules were not biopsied.
Forty-nine of the larger lesions were present at
the time Graves’ disease was diagnosed; the rest
developed during follow-up and were associated
with increased levels of thyroid-stimulating
immunoglobulins. One hundred and six of
the patients had FNABs; just two suspicious
lesions were found and only one had a con-
firmed malignancy. The authors concluded that
if FNAB cytology is neither suspicious nor 
diagnostic of malignancy, thyroid nodules in
Graves’ disease do not warrant an aggressive
approach.

Familial Thyroid Cancer
In 1997, Loh reviewed 15 studies of non-
medullary thyroid carcinoma performed
between 1975 and 1996, excluding all patients
with Gardner or Cowden syndrome or a history
of radiation exposure in monozygotic twins
[48]. He found that 2.5–6.3% of the cases were
familial and 91% of the tumors were papillary.
There were 178 affected individuals in 87 kind-
reds; females predominated over males, 2.2/1.
The peak incidence was in the fourth decade. Six
of the 15 series found that disease in the famil-
ial cohorts was more aggressive than usually
observed in sporadic disease. They had a higher
incidence of multifocality, local invasiveness,
and locoregional recurrence. The incidence of
PMCT in familial PTC could not be accurately
determined.

In 1997, Burgess et al. [48a] published two
kindreds with familial PTC. The index case had
PTC in a multinodular thyroid gland as did four
of her six children. Tumor size was not recorded
in all instances, but at least two of the sibs had
PMCTs. Another branch of the same family had
multinodular goiters and PTCs. The index 
case, a 49-year-old man, had a monozygotic
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twin with multinodular goiter and lymph 
node metastases. Both men had daughters in
their twenties with thyroid cancer, a scle-
rosing PMCT in one and a 1.2 cm lesion in the
other.

In 1999, Lupoli and associates brought atten-
tion to “a new clinical entity” by publishing a
retrospective study of 119 patients with PMCT,
7 of whom were from 6 different families with
papillary thyroid carcinomas [49]. The largest
tumor measured 1 cm. All of the patients under-
went a total or near-total thyroidectomy except
one, a 29-year-old woman, who had only a lobo-
isthmusectomy. Local invasion through the
thyroid capsule was found in this gland and,
about 31/2 years after surgery, the patient devel-
oped a locoregional recurrence. A 49-year-old
woman developed lung metastases 4 years after
surgery and succumbed 11 months later. A 
22-year-old woman with initial local invasion
experienced a local recurrence 6 years postop-
eratively. All except two sisters had multifocal
disease and three of the seven had bilateral
disease. Five of the seven patients had lymph
node metastases. The three patients who expe-
rienced recurrent disease also had evidence of
vascular invasion at the time of surgery. The
authors concluded that an aggressive therapeu-
tic approach to patients with a family history 
of differentiated thyroid carcinoma was war-
ranted. In response to the foregoing study
another case report appeared concerning a 58-
year-old woman with a diffuse goiter and an
uncomplicated 7 mm PMCT [50]. Two years
later her 33-year-old daughter appeared with a
7 mm, well-encapsulated PMCT. The index case
ultimately died of bronchoalveolar carcinoma,
not thyroid carcinoma.

Marchesi et al. have reported papillary carci-
noma in nine first-degree relatives from four
families [51]. At least one family had a strong
history of hypothyroidism and multinodular
goiter. Four of the nine tumors found measured
1 cm or less and 44% were multifocal. Rios et al.
discovered 59 thyroid carcinomas in a series of
672 patients operated on for multinodular goiter
in Spain [52]. Thirty-seven (62.7%) of the
tumors were microcarcinomas, the vast major-
ity papillary. By multivariate analysis, a family
history of thyroid pathology, type unspecified,
was one of the significant variables with a 
relative risk of 1.6. Musholt et al. reviewed 
the English literature on familial PTC covering 

the period 1958 to 1999 [53]. They collected
about 160 kindreds with 2 or more related 
individuals some with, and some without, con-
comitant multinodular goiters. In addition, they
unearthed from their own clinic, 12 new kind-
reds by chart review of 282 documented cases of
PTC. In the 6 kindreds they studied in depth,
many had multinodular goiters or other non-
malignant thyroid diseases. In these kindreds
only four patients had microcarcinomas, one of
which was invasive and one of which had spread
to lymph nodes. Four of the 13 patients in these
kindreds had microcarcinomas; one was inva-
sive and one had spread to lymph nodes. The
authors offered prediction criteria for the
identification of PTC/multinodular goiter fami-
lies: autosomal dominant inheritance with
partial penetrance, a fairly early age of onset
and, not uncommonly, a more aggressive behav-
ior than the course seen in sporadic disease.
Total thyroidectomy, microdissection of the
central compartment, and postoperative abla-
tion with RAI was recommended for familial
PTC.

Papillary Microcarcinoma in
Childhood and Adolescence
Data in the literature concerning incidental PTC
in children is limited. From Finland, Fransilla
and Harach carefully studied 93 thyroid glands
from 56 medicolegal and 37 medical autopsies
of children and young adults [54]. Of 58 glands
from individuals below age 20, only one had a
PMCT. Thirteen thyroid glands in all yielded
PMCTs; only two were greater than 1 mm in
diameter. In four thyroids, there were multiple
foci.

Chow et al. have reported on 60 patients from
Hong Kong with papillary thyroid carcinoma
who were less than 21-years-old [55]. Tumor
size was described in 43 of the 60; but only 2
were PMCT. Compared to the authors’ adult
patients, the younger had a higher ratio of
females, higher incidences of lymph node
metastases, pulmonary metastases at presenta-
tion, and relapse. Fortunately, in spite of con-
siderable morbidity, the mortality rate is very
low in childhood papillary disease, especially
for those with smaller lesions [56]. Collins et al.
studied papillary carcinoma in patients who
were irradiated between 1939 and 1962 for
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benign conditions as children [57]. Years later,
they were able to locate 3083 individuals from a
group of 4296. Thyroid carcinoma had devel-
oped in 357 (11.6%) of them. From these cases,
the authors were able to evaluate 30 paraffin
blocks that were well enough preserved to
warrant study. They selected paraffin blocks
from non-irradiated children with PTC matched
as closely as possible to the age and sex of the
radiation-exposed group. The tumors in the
irradiated group were smaller (mean size of the
largest, 1.29 cm) than those in the control group
(mean size of the largest, 2.49 cm). The irradi-
ated group may have had tumors of smaller size
because closer surveillance of this cohort made
earlier detection possible. However, despite
their smaller tumor size, lymph node metas-
tases and multifocality were more frequently
encountered in the radiated patients than in the
non-irradiated control cohort. The authors
found that in childhood PTC associated with
prior radiation, RET immunoreactivity was
more frequently positive than in the non-
radiated group. Tumors associated with positive
RET immunoreactivity did not demonstrate any
unique characteristics, however.

In a retrospective study culled from 15 chil-
dren’s hospitals or cancer centers, Newman et al.
analyzed 329 patients 21 years of age or younger
with differentiated thyroid cancer excluding
medullary lesions [58]. Ninety percent of the
tumors were either papillary or papillary-
follicular. Thirteen percent of the children had
a history of irradiation and 6% had a positive
family history of PTC. Regarding tumor size,
some were as small as 0.4 cm but the number of
tumors less than 1 cm was not stated. Unexpect-
edly, neither tumor size nor prior radiation
exposure were deemed determinants of pro-
gression. Age at diagnosis was the most
significant factor: younger patients were the
ones most likely to experience disease progres-
sion. This conclusion is fully supported in a ret-
rospective study of 38 patients from the
province of British Columbia [59].

Ultrasound, Color Doppler
Imaging, and FDG-PET
High resolution ultrasound (US) is a powerful
tool for the description and detection of
micronodules of the thyroid and, when com-

bined with FNAB, is a potential means to dis-
tinguish benign from malignant lesions. Thus,
US contributes significantly to the management
of clinical problems but, its very power is reveal-
ing a high rate of previously undetected thyroid
nodules. Having discovered an impalpable
nodule or multiple nodules of very small size by
US for whatever indication, what is the appro-
priate action? In his Commentary concerning
thyroid incidentalomas, Topliss raises several
questions [60]. Are there size criteria or US cri-
teria to determine which nodules should be
biopsied? Are the cytological results of FNAB
reliable and what does one do if the pathologi-
cal report is indeterminate or nondiagnostic? If
malignancy is detected in an incidental nodule,
does it have the same biological significance as
a clinically apparent tumor? A few studies con-
tribute useful data concerning these issues, but
none give final answers to the questions.

Chan et al. reviewed the sonographic and
color Doppler imagining characteristics of 55
proven PTCs they collected from 1995–2003
without regard to size [61]. The typical appear-
ance was that of a hypoechoic, solid, round,
smooth nodule with internal hypervascularity
and microcalcifications. However, one half of
the lesions incorporated at least one uncommon
feature: a partially or predominantly cystic
structure, an irregular shape and sharp angula-
tions, a halo, an intrinsically hypovascular
pattern, coarse or peripheral calcifications, or a
hyperechoic or a mixture of hyper- and isoe-
choic sonographic signals. The authors did 
not find any papillary cancers that had a pre-
dominantly cystic pattern, a halo, or a non-
hypoechoic texture to be associated with a
hypovascular flow pattern on Doppler imaging;
those that were non-hypoechoic demonstrated
intrinsic or at least perinodular flow. Thus, color
Doppler sonography is an important adjunct to
US examination if one is to target suspicious
lesions for further study.

Papini and co-workers correlated the ultra-
sonographic features of nonpalpable thyroid
nodules (8–15 mm) with pathological diagnoses
[62]. This prospective study involved 402 con-
secutive patients with nonpalpable thyroid
nodules and adequate FNAB cytology. Surgery
was performed in 96 patients who had abnor-
mal or suspicious cytological findings. Those
subjects with benign pathology were reevalu-
ated at 6 months. If their nodules grew, US-
guided biopsy was repeated. Eleven additional
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patients had thyroidectomy based on enlarging
nodules or goiter growth. Histological examina-
tion of the 107 resected thyroids revealed 31
cases of carcinoma (28.9%) of which 87% were
papillary. The prevalence of cancer was the
same in nodules of 8–10 mm as in those of 11–
15 mm. Irregular or blurred nodular margins,
microcalcifications, and an intranodular vascu-
lar pattern were independent risk factors for
malignancy on US/Doppler imaging. A solid
hypoechoic pattern was seen more frequently in
malignant than in benign lesions. If this pattern
was combined with any one of the independent
risk factors, only 4 of the 31 cases of cancer in
the series and only 1 of the 11 specimens that
demonstrated local invasion would have been
missed. Malignancy risk could not be predicted
by the number of nodules, nodule size, or 
the coexistence of a multinodular goiter. The
authors recommended that FNAB be performed
on all nonpalpable nodules greater than 8 mm
that are both hypoechoic and demonstrate one
or more of the independent risk factors. All
others should be followed in 6–12 months with
a repeat US examination.

Leenhardt et al. published on the limits of US-
guided cytology in the management of non-
palpable thyroid nodules [63]. They performed
US-guided biopsies of 450 nonpalpable nodules
ranging in size from 0.57 to 2.6 cm. Adequate
cytological material was obtained in 81% of the
cases, the larger the lesion the more likely it was
to obtain an adequate sample. Ninety-four of the
450 patients were referred for surgery. Forty-
seven of them (43%) had a FNAB diagnosis of
malignancy or a suspicious lesion while others
had some additional feature such as a palpable
nodule in a multinodular gland, a supracentri-
metric or cold nodule, or an enlarging nodule,
etc. Twenty carcinomas, 16 of which were papil-
lary, were found in the surgical specimens, 8
measuring 0.63–1 cm on US. In 16 of the 20
cases, US-FNAB had correctly diagnosed a likely
malignancy but 4 were missed. A solid hypoe-
choic lesion on US was found to be a useful pre-
dictor of malignancy. Of the 450 nodules
assessed, 115 were below 1 cm in size; 45 (39%)
of these were both hypoechoic and solid. Sixteen
of these were operated upon; 7 proved to be car-
cinoma. By contrast, 77 of the 115 micronodules
were cystic or hyperechoic; from this group,
only 1, a hyperechoic nodule, was found to be
malignant. Diagnosis at final histology was not
associated significantly with size, presence of

calcifications, or blurred margins of the
nodules, however, either calcifications or
blurred margins were found in half of the malig-
nant nodules and both were present in 7 of the
malignancies. This was true for 11 benign
nodules as well. The authors suggested restrict-
ing US-FNAB to lesions 1 cm or greater, or to
those that are solid and hypoechoic, in order to
avoid operating on an unwarranted number of
patients. Using these criteria, however, 84% of
the patients in this study would have been biop-
sied and 25% of the overall carcinomas would
have been missed. If only solid hypoechoic
nodules were biopsied, intervention would have
been limited to just 31% of the patients but at
the expense of missing 35% of the malignancies.
Interestingly, using either criterion, 7 of the 8
microcarcinomas would have been correctly
identified.

Nam-Goong et al. studied retrospectively
thyroid incidentalomas measuring between 0.2
and 1.5 cm by US-guided FNAB [64]. They aspi-
rated 317 nodules from 267 patients. Forty-two
(13%) were interpreted as consistent with or
suspicious of PTC. Based upon cytology, 8% of
nodules measuring less than 0.5 cm by US were
judged to be malignant; the rate was 15% for
nodules between 0.5 and 1.0 cm and 14% for
those between 1.0 and 1.5 cm. Age, sex, and 
multiplicity of nodules had no bearing on 
these rates. However, the malignancy rate was
significantly higher in solid than in cystic or
mixed cystic/solid nodules, in hypoechoic than
in isoechoic or hyperechoic nodules, in lesions
with punctate calcifications than in those
without this feature, and in those with ill-
defined rather than well-defined margins.
Nodules that demonstrated increased vascular-
ization on color Doppler examination had a
significantly higher rate of malignancy than
lesions showing decreased intranodular vascu-
larization. Of 48 patients with suspicious cytol-
ogy, 40 went to surgery. Preoperative cytological
diagnoses of PTC were confirmed in all by his-
tology. In PTC patients, extrathyroidal extension
was observed in 15 cases (43%), regional lymph
node metastases in 17 (49%), and multifocal
tumors in 13 (37%). The incidence of these
findings was not significantly different between
nodules measuring less than 1 cm and those
measuring 1–1.5 cm. Eleven of the 22 patients
with microcarcinomas had extrathyroidal inva-
sion. Only long-term prospective studies can
determine the natural history of these lesions
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with or without surgical intervention, and
whether search for nonpalpable thyroid 
nodules would be of benefit to patients and at
what cost.

The increasing use of high resolution US 
and its identification of thyroid nodules never
before suspected is not the only modality
causing conundrums in the appropriate 
management of these discoveries. Now 18F-
fluorodeoxyglucose positron emission tomog-
raphy (FDG-PET) is unearthing unsuspected
thyroid nodules. In one study, as many as 2.3%
of patients without known thyroid disease had
PET-positive thyroid lesions, 47% of which were
malignant [65]. Kang et al. have published a ret-
rospective review of their experience in patients
undergoing FDG-PET for metastatic evaluation
of non-thyroidal cancer (999 patients) versus a
second group of healthy volunteers without
known malignancy, undergoing cancer screen-
ing (331 subjects) [66]. Twenty-one focal type
lesions were identified in this group of 1330 sub-
jects (1.6%). Thirteen were from the cancer
patients and 8 from the volunteers. Fifteen of the
21 focal type lesions were evaluated by either
US-guided core biopsy or surgical histology.
Four of the nodules proved to be PTCs, 3 from
the cancer cohort. The rest were benign.

Clinical Presentation of PMCT
PMCTs are frequently discovered as incidental
findings on neck imaging for indications other
than thyroid cancer. Unsuspected PMCTs also
appear in surgical specimens from operations
for benign thyroid disease or in search of a
parathyroid adenoma. Occasionally, however,
the patient notes a cervical mass that proves to
be a metastatic lymph node. In the older litera-
ture, these lesions, often cystic, were referred to
as lateral aberrant thyroid tissue. Sugitani et al.
reviewed 34 patients with PMCTs, who pre-
sented with cervical nodes of 1 cm or greater
[67]. Four of these patients later developed
distant metastases and died of their disease.
These observations contrasted with 156 patients
with PMTC who presented without clinically
apparent lymph node metastases. None of this
latter group developed distant metastases and
rarely had local recurrence. Factors associated
with worse outcomes were lymph nodes greater
than 3 cm in size and thyroid cancers that were

non-encapsulated or sclerosing. Patient age, sex,
maximum tumor size, extrathyroidal invasion,
multifocality, and the number of lymph node
metastases were not statistically significant.
Sugitani et al. recommended not treating
asymptomatic PMCTs by surgery. For clinically
apparent PMCTs they recommended a more
aggressive approach. Since total thyroidectomy
and RAI did not improve final outcome in their
high risk patients, the authors concluded that
prognosis is little influenced by therapy and is
more likely determined by the inherent biolog-
ical aggressiveness of the tumor.

Verge et al. reported seven cases of PMTC
presenting as enlarged cervical cystic lymph
nodes [68]. The primary thyroid tumors
identified subsequently varied in size from 2 to
8 mm. All patients had conservative cervical
neck dissection as part of their thyroidectomy
procedure and received postoperative RAI.
None of the patients suffered a recurrence or
metastasis in follow-up that extended 1–7 years.
In another report, Coleman and co-workers
described 12 patients whose initial manifesta-
tion of occult thyroid carcinoma was a long-
standing neck mass and 2 patients whose
cervical metastases were discovered during
neck dissection for diseases unrelated to the
thyroid [69]. Nine of these 14 relatively young
individuals had microcarcinomas, 4 of which
were less than 4 mm in size. In many instances,
CT scans, MRI, and US failed to identify the
thyroid primary. Open biopsy of the involved
lymph node was more successful than FNA 
in establishing the correct pathology of the 
cervical lesion. All 14 patients had total thy-
roidectomy except for one who had hemithy-
roidectomy/isthnusectomy; 12 of 14 also had
postoperative RAI. Most of the thyroid tumors
were unilateral and unifocal but 4 had multiple,
bilateral disease and 2 were multifocal on the
same side. None of the patients had evidence 
of disease on relatively brief follow-up that
extended from 2 to 48 months.

Monchik et al. added another eight cases of
lateral neck cystic nodes associated with
PMCTs. The primary tumors ranged from 2 to 
9 mm [70]. Therapy consisted of total thy-
roidectomy and RAI. Tumors were found to be
multicentric in three cases and all but one
patient had metastatic disease in paratracheal
nodes or thymic nodes, or both. During follow-
up lasting 8–10 years, two patients who had had



Papillary Microcarcinoma of the Thyroid 381

modified cervical neck dissections experienced
nodal recurrence within 1–2 years.

Additional data from these publications also
demonstrate that PMCT, manifest initially by
enlarged cervical lymph node metastases, is
associated with a younger than average age,
male gender, multifocal and bilateral thyroid
tumors, and recurrent disease. Distant metas-
tases may develop and patients may die of their
disease despite thyroidectomy and radiation.
Even the smallest of the microcarcinomas may
give rise to complications. Nevertheless, the
majority of patients treated by total thyroidec-
tomy and RAI experienced good outcomes for
the period of follow-up. PMCTs presenting with
lymph node metastases may represent a more
aggressive form of the disease and the applica-
tion of both bilateral surgery and postoperative
radiation may have offered real benefit to most
patients.

Management Options 
and Outcomes
Several large series have been published
describing a variety of surgical procedures and
other modalities for the management of PMTC.
The largest is that of Hay et al., who studied ret-
rospectively 535 patients seen over a 50-year
period [71]. Tumor size ranged from 1 to 10 mm
(median 8 mm) with 22% measuring less than 
5 mm. Patient ages ranged from 6 to 85 years
(mean 47) and the mean follow-up was 17.5
years (median 16.1). The mode of diagnosis
varied over time mainly owing to the introduc-
tion of FNAB in 1980. The initial pathological
diagnosis was then made more often (40% of
the cases) by FNAB than by the histology of
operative specimens. The diagnosis was made as
an incidental finding in 18% of the cases. In
approximately 20% of the patients the initial
presentation was by open biopsy of a cervical
lymph node. Apparently none of the patients’
tumors were discovered as an incidental or
occult lesion by US. All FNABs were performed
on patients with palpable nodules. No mention
was made as to how many patients might have
been exposed to external radiation. Over the
period of study, patients underwent unilateral
lobectomy, bilateral subtotal thyroidectomy, or
total, and near-total thyroidectomy (74%). Fifty-

six percent of them did not undergo any node
removal and only 30% of those who did had a
modified neck dissection. The rest just had
“node picking.” Ten percent had remnant abla-
tion with RAI. Only 2 of the 535 patients died of
disease and both had had their initial diagnosis
made by neck node biopsy. One had a grade 1,
0.1 mm primary tumor, but despite remnant
ablation, experienced loco-regional recurrences
and finally osseous spread 16 years post surgery.
While no other patients died of their disease, 6%
developed a recurrence within the neck or at a
distant site by 20 years. Neck nodal recurrences
occurred in 4% of the patients by 10 years and
in 5% by 20 years. Those with neck node metas-
tases at initial diagnosis had a much greater
incidence of locoregional recurrence than those
without this finding (1% versus 18%). The type
of surgery had a very significant impact on both
locoregional and nodal recurrence rates.
Patients who had bilateral lobar resection,
subtotal, total, or near-total resections experi-
enced lower rates of recurrence than those who
underwent unilateral lobectomy. Meaningful
data concerning the impact of postoperative
remnant ablation by RAI came from a cohort of
153 patients who had initial lymph node metas-
tases. Of these, 45 received RAI and 108 did not.
Their rates of locoregional recurrence did not
differ significantly either at 2, 5, or 10 years post-
operatively. At the most, the patients treated
solely by surgery had a recurrence rate of 12%
versus a 9% rate for the radiated group. Among
the conclusions drawn from the study were that
PMCTs generally do not present a significant
biological threat and hemithyroidectomy does
not compromise survival since recurrences,
should they occur, can be dealt with successfully
and pose little risk. The major risk factors for
recurrence were lymph node metastases at the
time of initial diagnosis and the extent of
thyroid surgery. The authors stated a preference
for bilateral lobar resection, especially near-
total thyroidectomy with modified neck dissec-
tion when neck nodes were palpable. They were
not partial to RAI adjunctive therapy or repeat
isotope scans for follow-up in those who
received RAI because of the negative effects of
thyroxine withdrawal, necessary at that time,
and the small risk of recurrences with or
without isotope administration.

From 1962 to 1995, investigators at the Insti-
tut Gustave Roussy in France treated and fol-
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lowed 281 patients with microcarcinomas, 247
of whom had PMCTs [72]. Forty-nine percent of
the tumors measured less than 5 mm. Patient
demographics were similar to those in the Mayo
Clinic report by Hay et al. [71]. Treatment was
highly individualized, but all patients received
thyroid suppression postsurgically, and 124 of
the 195 patients treated by total thyroidectomy
received an ablative dose of 100 mCi of I-131
plus a total body scan 4 days later. They also
underwent a 2 mCi I-131 scan 6 months after
initial therapy. Ultrasonography, thyroid-
stimulating hormone (TSH), and thyroglobulin
measurements were utilized in follow-up when
available. Seventeen patients had a history of
prior external radiation. Microcarcinomas were
incidentally found in operative specimens for
benign adenomas in 186 patients and in 3 for
Graves’ disease. Surgery was performed in 89
patients because of clinically apparent lymph
node metastases and in 3 for distant metastases.
These 92 subjects with equal numbers of both
sexes, were younger than the others, and they
had a higher frequency of bilaterality, multicen-
tricity, lymph node metastases, and extrathy-
roidal involvement. Multivariate analysis of the
outcomes in the total cohort of 281 patients
found only two parameters that influenced
recurrence rates: the extent of initial surgery
(lobectomy alone having higher recurrences
than bilateral surgery), and the number of foci
on pathological examination. Only 11 patients
(3.9%), all with PMCTs, experienced locore-
gional recurrences within 10 years, either in the
thyroid bed, in lymph nodes, or in both sites.
Initially, 9 had had multifocal and only 2 had
had unifocal tumors. Some of them had received
RAI, total thyroidectomy and/or lymph node
dissection as initial therapy. Conservative
therapy, which included lobectomy, was recom-
mended for patients with unifocal tumors. This
was based on the fact that only two recurrences
were documented in patients so treated, and con-
tralateral disease was discovered in only 19.8% of
patients with supposedly unifocal lesions who
were treated by bilateral thyroidectomy. In the
presence of multifocal disease, bilaterality was
found in greater than 50% of the cases and the
recurrence rate was reduced from 20% to 5%
when total thyroidectomy was the procedure of
choice. Thus, total or subtotal thyroidectomy was
recommended for multifocal disease with the
addition of central compartment nodal dis-

section. RAI was a possible option although the
authors could not make a strong case for its 
inclusion.

In a retrospective series of 120 patients
ranging in age from 23 to 77 years, Appetecchia
et al. identified factors associated with recur-
rence in PMTC [73]. Microcarcinomas were
incidental findings from operative specimens in
80 patients; surgery in 40 patients was for a sus-
picious FNAB of either a thyroid nodule (34
patients) or a regional lymph node (6 patients).
Total thyroidectomy was performed in 92 of the
120 patients; 74 of them had a unifocal tumor
and 18 had multiple tumor foci.All patients with
positive nodes had systematic lymph node dis-
section. For 28 of the 120 patients, lobo-
isthmusectomy was the primary procedure. Two
of them demonstrated multiple neoplastic foci.
Fourteen others went on to have completion
thyroidectomy; and another 2 were shown to
have multifocal disease. Thus, 108 patients in all
underwent total thyroidectomy of which 60
were given ablative therapy with 75–100 mCi of
I-131 including all 26 patients who had nodal
metastases or multifocal disease. No patient was
documented with distant metastases but extra-
capsular invasion was found in 16.7% of the
patients. Follow-up extended from 5 to 15 years.
In that period, only 2 patients who had been
treated initially by total thyroidectomy, lymph
node dissection, and RAI experienced a recur-
rence, both in lymph nodes. After therapy for
the recurrence, both had undetectable thy-
roglobulin levels upon thyroid hormone with-
drawal. Lymph node metastases were highly
correlated with tumors that exceeded 5 mm in
diameter and occurred in association with both
unifocal and multifocal lesions. Despite lymph
node metastases in 26 patients and thyroid 
capsular invasion in 20, only 1.7% of the 120
subjects experienced local recurrent disease.
The authors concluded that patient outcomes
were favorable whether they had lobectomy or
total thyroidectomy even in the presence of
extrathyroidal invasion. One can speculate that
the low rate of recurrence in this study may 
be due to the fact that a majority of the 
patients had been treated quite aggressively and
those recommended for completion thyroidec-
tomy were well chosen, based upon operative
findings and histology. While the authors make
the point that PMCTs should not be overtreated,
their rather aggressive approach may have 
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been responsible for limiting instances of
recurrence.

Chow et al. reported a retrospective analysis
of 203 PMCT patients seen in Hong Kong from
1960 to 1999 [74]. The mean tumor size was 0.72
cm. Most of the patients with incidental PMCTs
apparently accepted completion thyroidectomy,
so that around 90% eventually had the 
equivalent of a total thyroidectomy. Of the 
203 patients, 63 had multifocal disease, 42 had
extrathyroidal extension, and 50 had lymph
node metastases. Fifty-five patients had either
lymph node excision/sampling (n = 35) or
lymph node dissection (n = 20). RAI was given
to 137 patients. Locoregional recurrences, 2 
in the thyroid bed and l0 in lymph nodes
appeared, within 8 years of diagnosis. Distant
metastases were found in 5 patients. Multivari-
ate analysis revealed that locoregional recur-
rences were higher in those with cervical node
metastases at presentation, multifocal disease,
and not having received RAI ablation. Tumor
size had no significant influence on patient
outcome but those with the smaller tumors pre-
sented at a younger age and none in this group
had distant metastases. The authors recom-
mended bilateral thyroidectomy for patients
whose PMCTs are detected non-incidentally and
RAI ablation for those with positive lymph
nodes or multifocality.

The findings of Chow are essentially borne
out in a retrospective study of 299 patients by
Pellegriti et al. [75]. Included in this report are
tumors measuring up to 1.5 cm, 18 patients with
familial thyroid cancer, 122 with familial thyroid
disease, 36 with concurrent Graves’ disease, and
25 from an iodine-deficient area. Patient demo-
graphics were the same as in other studies.
For purposes of comparison, the patients 
were placed into two groups: those with non-
incidental carcinoma (148 patients) mainly
diagnosed by FNAB and those with incidental
carcinomas (151 patients) after thyroidectomy
for benign thyroid disorders. Two hundred and
ninety-two patients underwent near-total or
total thyroidectomy either as primary therapy
(n = 269) or as completion thyroidectomy (n =
15) within 8 months of diagnosis. Seven patients
had a lobectomy. The major findings in both
groups were a surprisingly high incidence of
multifocality, bilaterality, lymph node metas-
tases, and extrathyroidal extension. Except for
bilaterality, they occurred more frequently sta-

tistically in the non-incidental group. Eight
patients had distant metastases (seven from the
non-incidental group). Five of the eight with
metastases occurred in patients with small
tumors. Ten in the non-incidental group also
had vascular invasion compared with only 4 in
the incidental group. Patients judged to be low
risk and who had near-total or total thyroidec-
tomy received an ablative dose of 30 mCi of I-
131 and those with a TNM rating of T4 or N1
received 100 mCi. The follow-up period ranged
from 1.2 to 16.2 years. At the end of the study,
256 were disease free while 43 had either disease
in lymph nodes (n = 17), distant metastases (n
= 6), or an elevated thyroglobulin level. By mul-
tivariate analysis, persistent disease was associ-
ated with neck lymph node metastases at
presentation, bilateral tumors, and a non-
incidental status. The sclerosing variant of pap-
illary carcinoma and lymph node metastases
were associated with distant metastases. Tumor
size did not predict relapse. Of 18 with familial
thyroid carcinoma, 12 were incidental and 15
were less than 1 cm. Only 1/18 had distant
metastases, and 4/18 had lymph node metas-
tases. The purported aggressiveness of familial
thyroid carcinoma was not supported by this
study. However, concomitant Graves’ disease
was positively associated with relapse while
patients from an endemic goiter area had a neg-
ative association with relapse. Patients with a
stimulated thyroglobulin <1 ng/mL had only a
1% probability of a locoregional recurrence 
and none had distant metastases. The authors
suggested that total thyroidectomy should 
be the surgical therapy of choice. In an editorial
accompanying this article, Pearce and Braver-
man advocate near-total or total thyroidectomy
with central compartment node dissection for
patients with non-incidental tumors and rec-
ommend RAI ablation in those with positive
lymph nodes, multicentricity, or vascular or
extracapsular invasion [76]. They also recom-
mend similar surgery for patients with multin-
odular goiter or documented benign nodules 
to obviate the need for later completion 
thyroidectomy.

Pelizzo et al. reported on 149 consecutive
patients with PMCT who were operated on by a
single surgeon over a 12-year period [77].
Patient demographics were very similar to those
of other reports. The series consisted of inci-
dental, non-incidental, and occult PMCTs diag-
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nosed by US-guided FNAB. Seven patients
(4.7%) had positive lymph node presentation.
They had total thyroidectomy, lymphadenec-
tomy, and RAI ablation. Of the other 142
patients, 119 had a total thyroidectomy whereas
23 underwent partial thyroidectomy. Seventy-
three of the patients diagnosed with PMCT or
metastatic lymph nodes preoperatively had
lymphadenectomy as part of their surgery.
Lymph node metastases were found in 20 of
the 73. All with a total thyroidectomy also had
RAI ablation and whole body scans; 95 of the
125 patients scanned demonstrated thyroid
remnants, and in 3, previously unrecognized
lymph node metastases. Patients ≥45 years with
multifocality, extrathyroidal extension, or posi-
tive lymph nodes received 100–150 mCi of
RAI. During a 1–12-year follow-up, only three
manifested locoregional recurrence by US
examination. These three patients did not have
total thyroidectomy or I-131 therapy. Their
primary tumors were greater than 5 mm in size,
were unifocal, showed no evidence of extra-
capsular invasion or lymph node metastases,
and lacked a peritumoral capsule. These
patients were operated on again and subse-
quently received 150 mCi of I-131. They had 
no evidence of disease 3–4 years later. The
authors believe that RAI whole-body scintigra-
phy is worth doing in patients who have had
total thyroidectomy in order to detect unrecog-
nized metastatic deposits and that I-131 therapy
may benefit patients with acknowledged risk
factors. For patients whose PMCT is discovered
incidentally, reoperation might not be necessary
if their lesions are unifocal, thyroid capsular
invasion is absent, and US examination of
residual thyroid tissue is negative for any
nodules.

Regarding this study, one could argue that 
the infrequency of recurrence came at the 
price of extensive surgery and the liberal use 
of RAI ablation. Did the three patients who 
had a recurrence require another operation?
Has high resolution US created as many 
problems as it has solved by revealing recur-
rences that might never have become clinically
significant? Would adverse consequences have
occurred if patients lacking other compelling
reasons for surgery received no intervention?

Ito et al. have attempted to answer these ques-
tions in part by offering their 732 patients, all of
whose PMCTs were diagnosed by FNAB, the

option of immediate surgery versus observation
by US [78]. This cohort did not include patients
with occult or incidental papillary tumors. The
only patients assigned to surgery without choice
had tumors invading the recurrent laryngeal
nerve or trachea, had a high grade malignancy
by cytology, or had positive lymph node metas-
tases. One hundred and sixty-two patients ini-
tially chose observation by US. Follow-up
extended for this group from 1.5 to 9.5 years.
The surgical treatment group comprised 571
patients who were either assigned surgery,
chose the surgical option, or underwent surgery
after a period of observation in the former
group (56 patients). The two groups were oth-
erwise very close in almost all respects. Average
tumor size increased significantly by ≥2 mm in
about 30% of the observation group after 3 and
4 years of follow-up; in the rest it did not
increase or actually decreased. Some tumors
actually decreased in size. No difference in size
was noted between the patients taking thyrox-
ine and those on no TSH suppression. In 18
patients, tumors grew to >10 mm; 7 of them
were recommended for surgery. After one year,
the size in the 11 other subjects had not
changed. Of the 162 in the observation group, 11
were suspected of having lymph node metas-
tases and in another 9 patients, they appeared
during follow-up. Of these 20 patients, 18 were
suspected of having central compartment
involvement only and surgery was not per-
formed. In the other 2, suspicious lateral nodes
appeared and they were referred for surgery.
After 19–56 months, a total of 56 patients in the
observation group converted to surgery by
choice or for some change in the status of their
benign thyroid disease.

The surgical group had 626 patients. A total
or near-total thyroidectomy was performed in
276 because they had disease (malignant or not)
in both lobes. For 350 patients, less than total
thyroidectomy was performed. Central com-
partment node dissection was carried out in 594
subjects with metastases confirmed in 258.
Lateral neck dissection was carried out in 317
patients; metastases were found in 141 (55 had
been detected preoperatively). More than 40%
of the patients had both positive lymph nodes
and multicentricity. Follow-up time averaged
48.7 months extending out as far as 10 years. In
that period, 16 (2.6%) of the 626 patients had a
recurrence of disease, 12 in lymph nodes.
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Four with thyroid bed recurrence had not had
total thyroidectomy. No patient had distant
metastases. The use of RAI whole-body scan-
ning or RAI therapy was not mentioned in the
report.

Given the findings in the operative group, it is
likely that many patients in the observation
group lived with undetected microscopic lymph
node metastases yet did not show any progres-
sion of clinical disease. The authors themselves
questioned how necessary some of their 
referrals for surgery were. They suggested that
surgery could be delayed until signs of progres-
sion appear. For those chosen to have surgery
however, routine central lymph node dissection
was recommended to avoid possible future,
more difficult, re-operation. Lateral neck dis-
section was favored only for those with a 
preoperative diagnosis of metastasis. The out-
comes in this large series were excellent in spite
of no or limited surgery and the absence of
adjunctive RAI.

Wada et al. published a retrospective study
dealing with the implications of lymph node
dissection at initial surgery and its influence on
recurrence [79]. They compared the impact of
lymph node dissection in 259 patients with
PMCTs diagnosed preoperatively because of a
palpable nodule or through US screening with
the outcome in 155 patients whose PMCTs were
discovered incidentally after thyroidectomy for
benign disease. None of the latter patients,
therefore, had lymph node dissection. In the
first group, 24 had palpable nodes at presenta-
tion and underwent modified neck dissections
– the “therapeutic” node dissection group. The
other 235 patients had a “prophylactic” node
dissection either of the central compartment or
a modified neck dissection. Surgery was mostly
lobectomy or subtotal thyroidectomy. In the
non-incidental group, 64% of the patients
without palpable nodes at presentation had 
positive nodes in the central and/or lateral 
compartments by histology. Only one patient
from the prophylactic node dissection group
had a nodal recurrence after 1.3–12 years. Five
patients with preoperative palpable nodes man-
ifested recurrences. Only one of 155 patients in
the incidental group who did not have a node
dissection had a recurrence. Most patients 
were placed on thyroid suppression but none
received RAI ablation. Five of the patients had
familial carcinoma but none had distant metas-

tases or died of disease. The authors concluded
that prophylactic node dissection conferred no
benefit. Therapeutic lymph node dissection was
recommended for those presenting with pal-
pable lymphadenopathy at diagnosis.

Summary and
Recommendations
The problem of PMCT continues to engage the
interest of endocrinologists and surgeons, but 
in spite of an extensive literature addressing
various aspects of the problem, diversity of
opinion predominates over consensus. However,
there are several points upon which most in-
vestigators would probably agree: (i) PMCT
appearing at any age, no matter how treated or
even not treated, carries an excellent prognosis;
(ii) distant metastases and death due to disease
are rare; (iii) fatal outcomes do occasionally
occur, but there is no reliable way to predict, at
the time of diagnosis, which tumors will behave
so aggressively; (iv) tumor size is not a reliable
predictor of biological behavior; (v) lymph
node metastases at the time of diagnosis are fre-
quently associated with tumor recurrence; (vi)
multifocality has a significant association with
tumor recurrence and bilateral disease; (vii)
high resolution US and FNAB is increasing the
recognition of PMCT and they are creating
many management conundrums as well; (viii)
external radiation plays a significant role in
promoting PMCTs and may be associated with
a biologically aggressive course; (ix) from
autopsy data and some of the studies quoted,
most PMCTs are indolent and harmless, sug-
gesting that promoting factors are necessary for
the expression of significant clinical disease; (x)
just about everything else is controversial.

Given the foregoing, it seems reasonable that
the initial step to be taken is to establish the aim
of therapy with the patient. If the goal is to 
eliminate all disease possible and reduce to 
a minimum the likelihood of recurrence, then
near-total thyroidectomy, node dissection, and
RAI ablative therapy should be recommended.
If PMCTs were found incidentally, completion
thyroidectomy should be recommended if
initial surgery was only partial. On the other
hand, if the goal is to keep intervention to a
minimum while accepting some degree of risk
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of recurrence, then many options, including
nothing more than careful follow-up, are possi-
ble. The final approach requires individualiza-
tion and the realization that much of the data in
the literature is conflicting. What follows seems
reasonable to us.

Management of Incidental PMCT
Most likely, incidental PMCTs will be discovered
in patients undergoing thyroid surgery for
benign thyroid disorders or, occasionally,
hyperparathyroidism. If none of the lesions
show vascular invasion, thyroid capsular inva-
sion, or high histological grade, and there are no
suspicious cervical nodes, patients should be
informed and reassured. Further surgery need
not be considered. Follow-up should include
periodic physical examination and high resolu-
tion US of the neck. Unless there are other 
indications, TSH suppression need not be
undertaken. If any suspicious nodules or nodes
are found subsequently, US-guided FNAB
should be attempted. A positive lymph node
should be dealt with by completion thyroidec-
tomy, node dissection, RAI ablation, and TSH
suppression. The presence of a positive thyroid
nodule. We generally recommend ultrasound
surveillance alone, with an FNAB if significant
growth is documented. While size does not nec-
essarily predict behavior of PMCTs, this conser-
vative approach seems to be for tumors less than
5 mm in diameter.

If the final pathological analysis reveals 
high histological grade, vascular or extrathy-
roidal invasion, or positive cervical nodes, com-
pletion thyroidectomy should be considered
coupled with RAI ablation and TSH suppres-
sion. However, we cannot lose sight of the fact
that autopsy studies have revealed PMCTs that
are all of the above, went undiagnosed, and were
without sequelae in life. Thus, in the absence of
any practical means to predict future tumor
behavior, one could adopt the attitude that the
likely outcome of doing nothing except follow-
up might not differ from intervention. We are
doubtful, however, that many patients would
embrace this approach once they learn they
were harboring a malignancy with some risk
factors, and in the litigious environment in
which medicine is practiced, at least in the
United States, we are doubtful many physicians

would encourage it. Yet, on the evidence, it is a
reasonable option.

Management of Occult PMCT
The very notion that an occult PMCT exists sug-
gests that it has called attention to itself in some
unfavorable way, either as a cervical lymph 
node metastasis or, much more rarely, a distant
metastasis. Should the latter be the case, there 
is no question that it should be treated as 
one would treat any papillary carcinoma. In the
absence of distant metastases, high-resolution
and color-Doppler examinations of the thyroid
and neck to find and define any non-palpable
nodules or other pathology should be under-
taken. If a single thyroid nodule is found and
FNAB identifies it as a PMCT, one could limit
surgery to lobo-isthmusectomy with central
compartment and ipsilateral regional lymph
node dissection. If the surgeon observes or pal-
pates any nodules in the contralateral lobe or
frozen section identifies multicentricity, bilat-
eral thyroidectomy should be completed. RAI
ablation might be optional after total thyroidec-
tomy remembering that some studies did not
find this of benefit. However, having achieved
removal of almost all thyroid tissue, it seems
reasonable to try to eliminate micrometastases
and residual thyroid tissue and take advantage
of future thyroglobulin monitoring. If preoper-
ative US identifies multiple and/or bilateral
nodules, whether or not they are proved by
FNAB to be PMCTs, the situation should be
treated as one would any larger-size papillary
carcinoma.

Management of Non-Incidental
PMCT
The discovery of PMCTs in life when one is not
seeking them, or finding an isolated small
nodule by palpation that proves to be a papil-
lary carcinoma by FNAB, is an increasing
problem. We would encourage a patient with a
unifocal lesion <5 mm in diameter to delay
intervention unless new foci appear, there is sus-
tained tumor enlargement, or there is suspicion
of lymph node involvement. For solitary lesions
between 5 and 10 mm, we recommend a simple
lobectomy or lobo-isthmusectomy with central
compartment node dissection with additional
lymph node dissection being left to the discre-
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tion of the surgeon. Any suspicion of bilateral-
ity or lymph node involvement should prompt
a near-total thyroidectomy, lymph node dissec-
tion, and RAI ablation.

Any patient with an incidental, occult, or 
non-incidental PMCT who has a history of
significant prior radiation exposure, no matter
when, or a documented history of familial 
papillary carcinoma, should probably have a
near-total thyroidectomy rather than a more
conservative operation. The latter applies espe-
cially to children and adolescents as age alone
in this group constitutes a risk factor for recur-
rence and distant metastases. These individuals
require RAI ablation and very close follow-up.

Until we can distinguish the indolent micro-
carcinomas, likely in the majority, from the
trouble-makers, difficult and uncertain choices
in managing PMCTs will continue to be made.
Prospective randomized studies to test the rec-
ommendations presented here will probably
never be undertaken since the clinical outcome
in most patients with a PMCT is so favorable
and since superiority of one approach would
require follow-up of impracticable length. What
we have suggested regarding management of
PMCTs, although rather conservative, may
nonetheless, result in some unnecessary
surgery. On the positive side, it may also reduce
recurrent disease to a minimum. That is as
much a hope as a certainty.
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Section X
Aggressive Thyroid Cancers



While the relatively low mortality rate of thyroid
cancer in general is due to the preponderance 
of well-differentiated carcinoma, a subset of
rare thyroid tumors exist that exhibit aggres-
sive behavior and poor prognosis. These 
require careful consideration and different treat-
ment paradigms to optimize clinical outcome.
Extremely rare types of thyroid cancer include
thymus-like tumors, mucoepidermoid carci-
noma, spindle cell tumor, mixed medullary fol-
licular cancers, and teratoma. In view of the
limited literature on their management these
extremely rare types are not covered in this
chapter.

Thyroid Lymphoma
Primary thyroid non-Hodgkin’s lymphoma
(NHL) is uncommon, representing 4% of all
thyroid cancers [1]. Only 2% of extranodal lym-
phomas arise within the thyroid. Secondary
involvement is more frequent as a manifestation
of generalized disease, which occurs in 10% of
all lymphomas and leukemias [2]. The mean age
at presentation is 60–70 years with a female :
male predominance of 3 : 1. Presentation before
age 40 is rare. Preexisting Hashimoto’s thyroidi-
tis is a significant risk factor [3] and may be the
result of chronic antigen stimulation. Radiation
exposure is not associated with an increased
risk.

Primary thyroid lymphoma is usually of B-
cell type and CD20 positive [4]; T-cell lym-

phoma is very rare. Approximately 80% of
tumors are of the diffuse large-cell type (histio-
cytic) and the majority of these are high grade.
The remainder comprise follicular (nodular),
mixed, plasmacytoid, and lymphocytic sub-
types. NHL of the thyroid is classified into
MALT (mucosa-associated lymphoid tissue)
positive and MALT negative characterized by
the presence of lymphoepithelial lesions with
cytokeratin staining. The frequency of MALT-
positive thyroid lymphoma varies between 10%
and 80% and is associated with improved prog-
nosis [5]. The REAL (Revised European-
American Lymphoma) and WHO (World Health
Organization) classifications designate these as
extranodal marginal zone B-cell lymphomas of
MALT type.

Typical presentation is with a rapidly enlarg-
ing thyroid mass; associated compressive symp-
toms comprise dysphagia, dyspnea, stridor,
hoarseness, and superior vena caval obstruc-
tion.A preceding history of goiter in association
with hypothyroidism is characteristic. The
thyroid mass is often fixed to underlying struc-
tures, with confluent cervical lymphadenopathy
occurring in up to 50% of cases. Only 10% of
patients report B symptoms of fever, night
sweats, or weight loss.

Lymphoma should enter the differential diag-
nosis of a solitary thyroid nodule, a dominant
nodule in a multinodular goiter, or any patient
with rapid enlargement of a goiter associated
with Hashimoto’s thyroiditis. Diagnosis may 
be made from fine-needle aspiration cytology
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(FNAC) but immunocytochemistry is necessary
to demonstrate the type of lymphocyte mono-
clonality, achieved by core biopsy. Large B-cell
lymphoma has to be distinguished from undif-
ferentiated carcinoma and MALT lymphoma
from Hashimoto’s thyroiditis.

The Ann Arbor classification is used to stage
lymphoma. Over 90% of patients with primary
lymphoma present with disease confined to the
thyroid (stage IE) or limited to the thyroid and
regional neck nodes (stage IIE). More wide-
spread disease (stages III and IV) makes up the
remainder, with affected sites including the gas-
trointestinal tract, bone marrow, lungs, or liver.
Initial staging investigations (Figure 30.1)
should therefore comprise a full blood count,
serum biochemistry including thyroid function,
lactate dehydrogenase and uric acid, CT scan of
the neck thorax abdomen plus pelvis, and bone
marrow aspirate plus trephine. Lactate dehydro-
genase, uric acid, and antithyroid antibody
titers (antimicrosomal) are often raised. CT
imaging often demonstrates invasion of the
trachea, retrosternal extension, or involvement
of mediastinal lymph nodes.

As patients are often elderly and require
urgent treatment to relieve airway obstruction,
full staging may be impracticable until later.
Aggressive surgery to debulk the tumor is
neither feasible nor necessary [6]. For localized
disease, external beam radiotherapy has been
the standard practice for several decades, result-
ing in 5-year survival rates of approximately
35%. Local bulky disease and gross mediastinal
involvement are significantly associated with
failure distant from the irradiated volume [4].
Chemotherapy for high grade lymphoma has
demonstrated better local and distant disease
control with overall long-term disease-free sur-
vival of about 50%. The combination of radio-
therapy preceded by chemotherapy has become
standard practice in most institutions, improv-
ing 5-year survival rates to 65–90% [7]. Six
cycles of cyclophosphamide, doxorubicin, vin-
cristine, and prednisolone (CHOP) given over 
4 months is usually recommended. If complete
response has been achieved with drugs, external
beam radiotherapy should follow with 35 Gy
mid-plane dose given in 20 fractions, confined
to the initial extent of disease.

Rituximab, an unconjugated anti-CD20 
monoclonal antibody, has been designed to re-
cognize cancer-forming B-cell lymphocytes [8].

The drug binds to CD20 receptors on the surface
of B cells and initiates a series of reactions that
result in cell death. It also appears to sensitize
cells to conventional chemotherapy. It has been
extensively evaluated and is now an integral
component of chemotherapy [9]. The National
Institute for Clinical Excellence (NICE) recom-
mends that rituximab should be included (with
CHOP) in the treatment of patients with mod-
erate to advanced CD20-positive B-cell NHL
stages II, III, and IV. Patients with stage I disease
should be given the drug only as part of a clin-
ical trial.

Lymphomas showing MALT characteristics
present as localized extranodal tumor with
favorable prognostic factors and follow a more
indolent course. Radiotherapy as single modal-
ity treatment resulted in a complete response
rate approaching 100%, a relapse rate of around
30%, a salvage rate of over 50%, and an overall
cause-specific survival of almost 90% at 5 and
10 years [5]. Our policy is to treat stage IEA
MALT-positive lymphoma with radiotherapy
only but to use initial chemotherapy for all other
tumors. The radiotherapy volume includes both
sides of the neck from the mastoid tips to the
carina treated by opposed anterior and under-
couched fields to a dose of 40 Gy in 20 fractions
over 4 weeks. In addition to infraclavicular lung
shielding, the mandible and submandibular
salivary glands are protected, although there is
no midline lead. Primary Hodgkin’s disease of
the thyroid is exceedingly rare and should be
separated from primary Hodgkin’s disease of
the mediastinum or neck, involving the thyroid
by direct spread. Treatment is similar to extran-
odal Hodgkin’s disease at any other site [10].

Squamous Cell Carcinoma
Primary squamous cell carcinoma is very rare,
accounting for less than 1% of thyroid cancers,
usually occurring in middle-aged or elderly
patients [11]. The clinical behavior has been
reported to resemble that of anaplastic carci-
noma [12]. Prognosis is poor, with the majority
of tumors advanced at presentation. The diag-
nosis should be made only once metastasis from
other sites (such as the lung) and direct local
invasion from tumors in adjacent structures
(such as trachea or esophagus) are excluded.
Squamous carcinoma must also be distin-
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guished from squamous metaplasia seen in 
papillary carcinoma, which is of no prognostic
significance, and areas of squamous differentia-
tion seen in anaplastic tumors [13]. Etiology
remains uncertain but it may arise from embry-
ological remnants such as the thyroglossal tract
or from areas of squamous metaplasia within
the gland. Alternatively it may develop directly
from undifferentiated follicular cells, which dif-
ferentiate into squamous cells during neoplastic
transformation. Histological diagnosis requires
identification of keratin or intercellular bridge

structures. Immunohistochemistry is helpful,
with negative staining for thyroglobulin and
calcitonin.

Squamous cell carcinoma of the thyroid
follows an aggressive clinical course [13]. We
have reported 16 patients of whom 12 had
locoregional disease only at presentation and 4
had distant metastases [14]. Eight underwent
surgery (5 complete and 3 incomplete resection)
with 4 given postoperative radiotherapy. Radio-
therapy alone was used in 6 patients unsuit-
able for surgery. Median survival was only 16

History and clinical examination 
Haematology, biochemistry, CXR, review histology 

CT neck, thorax, abdomen, pelvis 
Bone marrow aspirate and trephine 

                                 Surgery 
               Open biopsy (if not already done) 
             Tracheostomy (only if unavoidable) 

      Chemotherapy 
                 R - CHOP q21 x 6 cycles 

Partial                 Complete
      response                 response

                                                          consider additional           Radiotherapy
  chemotherapy          35 Gy  20# 4 weeks 

                                                                            involved field 

Radiotherapy                                       no additional 
Simulate for anterior          response     
and undercouched Phase I    
to neck and mediastinum                       
2 Gy daily MPD:                                       
40 Gy  20# 4 weeks              

Follow-up clinic 3 monthly 
                                                       Haematology and CXR 

Complete remission   Recurrence

Chemotherapy 

Stage IE or IIE Stage III or IV 

MALT Positive MALT Negative 

Figure 30.1 Royal Marsden Hospital
policy for the management of
primary thyroid lymphoma. CXR,
chest radiograph; MALT, mucosa-
associated lymphoid tissue; R-CHOP,
rituximab, cyclophosphamide,
hydroxydaunomycin (doxorubicin),
vincristine (Oncovin), and prednisone;
MPD, mid-plane dose, Ann Arbor
Classification: Stage IE, disease in
single extralymphatic site; Stage IIE,
disease in extralymphatic site with its
regional nodes; Stage III, disease in
lymph node regions on both sides of
the diaphragm affected; Stage IV,
widespread disease, including
multiple involvement at one or more
extranodal (beyond the lymph node)
sites, such as the bone marrow.
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months, although there were 3 long-term sur-
vivors treated with complete resection followed
by radiotherapy. Patients treated with surgery
alone all developed local recurrence. Sarda et al.
reported 8 patients, none of whom were
amenable to radical surgery [15]; none dis-
played any significant response to either radio-
therapy or chemotherapy. Similarly, Shimaoka
et al. described 5 patients who failed to respond
to chemotherapy or radiotherapy and all died of
local disease [13].

Simpson and Carruthers suggested that early
complete macroscopic excision followed by
external beam radiotherapy can offer the best
chance of cure and local control, having
described two patients displaying long-term
survival [16]. Our series supports this recom-
mendation, with three patients treated in this
fashion remaining disease-free, in contrast to
two who underwent complete macroscopic
resection without irradiation developing local
recurrence.

We recommend radiotherapy after total thy-
roidectomy to a dose of at least 60 Gy in 30 frac-
tions over 6 weeks [17]. The initial target volume
should include potential areas of lymph node
spread up to a dose of 46 Gy (spinal cord toler-
ance) with a further 14 Gy using 3D conformal
planning. Our data support reports that radio-
therapy alone or following incomplete resection
results in poor local control. In seven patients
treated with radiotherapy following biopsy
alone, the median survival was only 6 months.
However, high dose palliative irradiation for
inoperable tumors may be beneficial. Consistent
with other reports, chemotherapy is of little
value and radioiodine is without benefit as these
tumors are non-iodine avid.

Sarcoma
Primary sarcomas of the thyroid gland are
extremely rare. They have mesenchymal
(stromal) features and can resemble undifferen-
tiated tumors, rendering differentiation from
anaplastic carcinoma difficult. Previous case
reports have described sarcomas when in fact
these tumors were spindle cell variants of
anaplastic carcinoma. This is of little practical
significance, as the natural history and response
to treatment remain similar. Most malignant
thyroid tumors with a sarcoma-like appearance

show signs of epithelial differentiation by mor-
phological or immunohistochemical criteria
and are therefore classified as undifferentiated
tumors. The WHO committee states that diag-
nosis of thyroid sarcoma should be made only
in tumors lacking all evidence of epithelial dif-
ferentiation and showing definite evidence of
specific sarcomatous differentiation [18,19].
Various subtypes have been described including
liposarcoma, fibrosarcoma, angiosarcoma, osteo-
sarcoma, chondrosarcoma, and leiomyosar-
coma [20–23]. Sarcomas may rarely metastasize
to the thyroid gland; primary sites other than
the thyroid should first be excluded.

Angiosarcoma and hemangioendothelioma
are very rare, affecting middle-aged or elderly
patients [24]. These tumors are extremely
aggressive, resembling the behavior of anaplas-
tic cancer. Tumors are typically large with
extensive areas of hemorrhage and necrosis
(Figure 30.2) [25,26]. Microscopically, endothe-
lial differentiation together with immunoreac-

Figure 30.2 A Epithelioid angiosarcoma of thyroid. Massive
recurrence in the right supraclavicular fossa extending into the
superior mediastinum following total thyroidectomy. B Inoper-
able tumor threatened exsanguination despite chemotherapy
but rapid shrinkage followed EBRT.
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tivity to factor VIII-related antigen and keratin
are common [27]. Cases have been described
from the Alpine regions of Central Europe
where iodine deficiency is common. An enlarg-
ing mass following a long history of goiter, with
invasion of local structures and lymph node
involvement (unusual with other sarcoma sub-
types) is the typical presentation. Hemothorax
from pleuropulmonary metastases may occur at
presentation [24]. Prognosis is poor, with the
majority dying of locoregional or metastatic
disease. As with sarcoma at any site, surgery
remains the definitive and potentially curative
treatment comprising total thyroidectomy with
excision of any locally involved tissue, along
with neck dissection. This may be impossible in
the majority of cases if tumor extends beyond
the thyroid capsule and invades vital structures.
Postoperative radiotherapy is indicated but the
role of chemotherapy is yet to be established.

All other sarcomas are extremely rare,
with only a limited number of reports in the 
literature [20,22,28–35]. We have reported 
two patients with liposarcoma (Figure 30.3)
treated by macroscopic resection and external
beam radiotherapy that achieved locoregional
control; although one died of pulmonary metas-
tases after 10 months the second remains alive
with metastatic disease at 24 months.

Survival in sarcomas of the head and neck is
shorter than that of limb sarcomas and local
recurrence is more frequent. A series of 130
head and neck sarcomas treated at the Royal
Marsden Hospital showed an overall 5-year sur-
vival of only 50%. Results with surgery alone

were poor, as were those with radiotherapy as
sole treatment. However, surgery with radio-
therapy improved survival. Radiotherapy is rec-
ommended pre- or postoperatively as curative
management [36].

Metastases to the Thyroid
The majority of metastases to the thyroid
remain undetectable in clinical practice [37].
However, incidence in postmortem studies
varies between 1.2% and 24% in patients with
widespread malignancy [2,38,39]. Based on
these figures, thyroid metastases are 10 times
more frequent than primary thyroid tumors
[40]. This is not surprising given that the
thyroid has a rich blood supply, second only to
the adrenals. Involvement may arise by direct
spread from adjacent structures, hematogenous
spread, or retrograde lymphatic spread. Post-
mortem studies report breast (26%), lung
(25%), and malignant melanoma (11%) to be
the most frequent cancers to metastasize to the
thyroid, with disease usually remaining clini-
cally occult. In contrast, the largest clinical
series [41] found that the kidney was the most
common primary site (33%) followed by lung
(16%), breast (16%), and esophagus (9%).

Metastasis may be the first presentation of a
distant cancer treated several years previously;
typically there is a long latent period between
diagnosis of the primary tumor and the appear-
ance of a thyroid mass, especially with breast
and renal cell carcinoma [40,42]. Long-term
survival is possible after total thyroidectomy 
for metastases from hypernephroma [43]. In
contrast, appearance of metastatic disease may
indicate a poor prognosis, with secondaries
from lung, esophagus, and melanoma repre-
senting preterminal events.

A thyroid nodule detected in a patient with 
a previous history of malignancy poses a 
diagnostic challenge [41]. Differential diagnosis
includes a benign thyroid nodule, multinodular
goiter, and metastasis. Fine-needle aspiration
cytology (FNAC) can provide accurate diagno-
sis and proves invaluable in patients with a 
poor prognosis unsuitable for thyroidectomy.
Immunohistochemistry with demonstration of
negative staining to antithyroglobulin and anti-
calcitonin antibodies favors metastatic involve-
ment. Occasionally FNAC cannot determine

Figure 30.3 Thyroid liposarcoma: a large mixed attenuation ret-
rosternal mass compressing the trachea and almost obliterating
the lumen of the esophagus.
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whether tumor originates from the thyroid
gland or not and open biopsy is required. Clear
cell changes have been described in benign and
malignant tumors of the thyroid, making the
diagnosis of metastasis from renal cell carci-
noma dependent on immunohistochemistry 
for thyroid transcription factor-1 (TTF1) and
thyroglobulin. Diagnostic reevaluation of the
primary site and restaging investigations may
prove helpful, together with comparison of new
cytology or histology with the original.

Previous reports have suggested thyroid
metastasis to be associated with a poor prog-
nosis [43]. However, surgical resection for an 
isolated metastasis can be curative. Overall
management depends on the primary site of the
original tumor, symptoms caused by the thyroid
mass and involvement of other organs. Surgical
excision may prolong survival provided that
extensive disease is not present elsewhere. Irra-
diation of unresectable metastases may provide
valuable palliation of symptoms but radioiodine
is unhelpful.

In our report of 15 patients [44] the most
common site of origin was the kidney (27%).
The longest latent period between presentations
of primary tumor to diagnosis of thyroid metas-
tasis was 15 years. Eleven patients presented
with a thyroid mass (74%), two complained of
dysphagia (13%), and two were diagnosed inci-
dentally (13%). Nine had evidence of metastatic
disease elsewhere (60%). Five patients have sur-
vived longer than 24 months and one patient
with metastatic paraganglioma remains disease
free 84 months following lobectomy.

Insular Carcinoma
Insular carcinoma is a form of poorly differen-
tiated tumor arising from follicular cells, with
behavior intermediate between differentiated
(papillary/follicular) and undifferentiated
(anaplastic) carcinoma [18]. They usually retain
some features of differentiated follicular thyroid
cells with ability to produce thyroglobulin and
retain radioiodine but display a more aggressive
clinical behavior [45,46].

Macroscopic features are of an invasive solid
tumor typically greater than 5 cm in diameter
exhibiting areas of necrosis. Microscopically
tumor is characterized by well-defined nests
(insulae) of small uniform cells displaying 

an infiltrative pattern of growth and vascular
invasion.

Insular carcinoma is infrequent comprising
2–4% of all thyroid cancers. Patients are usually
middle-aged or elderly, often with a preceding
history of goiter. The usual presentation is an
enlarging mass (Figure 30.4), although distant
metastases at presentation are not uncommon.
They have an aggressive behavior with a high
recurrence rate of 20–60% and a 10-year cause-
specific mortality of 13–41% [47,48]. Tumors
with only an insular component do not appear
to have such an adverse prognosis, a discrep-
ancy relevant to treatment and outcome [48,49].

Due to its rarity, reports include only small
numbers of patients. As many insular carcino-
mas occur in the elderly who frequently have
large tumors it was previously uncertain
whether their aggressive behavior was related to
these variables rather than the actual histotype.
Pellegriti et al. compared patients of similar age
and tumor size of which 13 were insular, 18 fol-
licular, and 26 papillary [50]. Those with insular
carcinoma had the worst outcome with a cause-
specific mortality rate of 62% compared 
with 17% and 15% in the follicular and papil-
lary groups, respectively. Distant metastasis
occurred in 85% of insular tumors compared
with 50% and 19% of patients with follicular
and papillary subtypes. All patients with metas-
tases from insular carcinoma displayed radioio-
dine avidity but clinical benefit was seen in only

Figure 30.4 Inoperable insular thyroid carcinoma: CT scan
demonstrating a large heterogeneous mass centered on the left
lobe of thyroid with marked displacement and narrowing of the
trachea. The tumor rapidly progressed and proved fatal despite
palliative radiotherapy.
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one. Multivariate analysis revealed insular his-
totype as being the only variable related inde-
pendently to cause-specific mortality.

Insular carcinoma demands initial aggressive
treatment including total thyroidectomy, lymph
node dissection, and radioiodine ablation.
External beam radiotherapy may be required in
addition and can also provide palliation of
symptoms from unresectable disease. Radioio-
dine is recommended for treatment of distant
metastases but may prove of limited value.
Chemotherapy has no proven role.

Hürthle Cell Carcinoma
Hürthle cell carcinoma (HCC) is rare, compris-
ing 3–5% of all differentiated thyroid tumors.
Also known as oncocytic or oxyphilic tumors,
they have previously been considered a variant
of follicular thyroid cancer [51], although are
now known to represent a distinct pathological
entity [52].

Hürthle cells are rich in mitochondria and
have a characteristic granular cytoplasm. They
may occur in a variety of thyroid conditions
including benign nodules, Hashimoto’s thy-
roiditis, and Hürthle cell neoplasms. A true
Hürthle cell neoplasm must consist of at least
75% Hürthle cells. The majority are benign
Hürthle cell adenomas with only a minority
being malignant. Fine-needle aspiration cytol-
ogy fails to distinguish between them and 
surgical excision is mandatory for identification
of capsular or vascular invasion indicative of
HCC.

HCC has a more aggressive natural history
than follicular carcinoma, with a higher rate of
recurrence, distant metastasis, and mortality
[53]. Stojadinovic et al. [54] reported a series of
56 HCCs with degree of invasion, tumor size
greater than 4 cm, extrathyroidal extension, and
initial nodal or distant metastasis all predictive
of cause-specific mortality. No patient with min-
imally invasive HCC developed recurrence or
died of disease. Recurrence and death were
confined to patients with widely invasive carci-
noma. Patients are usually female and older
than 50 at presentation. They often have large
multifocal tumors, lymph node metastases, and
evidence of extrathyroidal extension. Tumors
are poorly iodine avid, which in part explains
their worse outcome.

For these reasons an aggressive initial
approach comprising total thyroidectomy with
selective neck dissection in the presence of
pathological lymph nodes is recommended,
although lobectomy alone may be adequate for
low risk patients [54]. 131I ablation may confer a
survival benefit and is recommended if only 
to assist long-term follow-up with serum thy-
roglobulin (Tg) measurement. Tumors retain
the ability to produce Tg and early warning of
recurrence may enable potentially curative
surgery. In the recently published series of 89
patients with HCC from the M.D. Anderson
Cancer Center [55], those undergoing ablation
had an improved outcome. Of the 37 patients
with known metastases, only 38% showed
radioiodine uptake in lymph nodes, bone, or
lung.

Life-long follow-up in conjunction with
appropriate thyroid-stimulating hormone
(TSH) suppression is recommended. Further
surgery remains the treatment of choice for
recurrence but external beam radiotherapy
(EBRT) offers locoregional control for inopera-
ble disease and useful palliation of painful bone
metastases. Foote et al. [56] reported on 16 HCC
patients who received EBRT. Adjuvant irradia-
tion was successful in preventing recurrence in
4 of 5 patients, 2 of whom had positive surgical
margins. Salvage EBRT was successful in 3 of 5
patients, and palliative radiotherapy provided
sustained symptomatic relief at 67% of irradi-
ated sites in 6 patients.

Our unpublished series of 62 patients had a
median age at diagnosis of 59 years and median
follow-up of 5 years; a neck mass was the com-
monest mode of presentation (85%). Tumors
were larger than 4 cm in 31%, displayed
extrathyroidal extension in 20%, and distant
metastasis at presentation in 15%. Overall sur-
vival at 10 and 20 years was 64% and 37%,
respectively. Multivariate analysis identified
nodal disease, distant metastasis, and tumor size
to be associated with an increased cause-
specific mortality (P < 0.01). Extent of surgery
improved cause-specific survival, whereas
radioactive ablation had no effect on survival
but EBRT achieved symptomatic benefit in 11 of
14 distant metastases. None of 17 metastatic
sites concentrated 131I.

Metastatic HCCs often express somatostatin
receptors that can be visualized with 111In
(indium) octreotide diagnostic imaging. Subse-
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quent treatment with 90Y (yttrium)-labeled
DOTATOC (DOTA0, Tyr3) may be beneficial. Our
series of 18 patients with non-iodine-avid dif-
ferentiated thyroid cancer included one patient
with HCC extensively metastatic to bone [57];
prolonged symptomatic benefit together with
limitation of further progression of disease was
achieved following four 90Y-DOTATOC thera-
pies. Unfortunately, chemotherapy is of limited
benefit in HCC and should be restricted to pro-
gressive symptomatic disease.

Diffuse Sclerosing Variant
The diffuse sclerosing variant of papillary
cancer (DSPC) is rare, with an incidence of only
0.7–5.3% [58,59]. It commonly affects young
adults, with a female preponderance, and is
important in the differential diagnosis of
Hashimoto’s thyroiditis. Histologically it is
characterized by diffuse involvement of one or
both lobes, fibrosis, squamous metaplasia,
numerous psammoma bodies, and extensive
lymphatic infiltration.

A number of studies suggest DSPC to have an
aggressive nature [58,60] but others [59] suggest
a similar prognosis to classical papillary thyroid
cancer (PTC). Chow et al. reported a series of 8
cases (6 female, 2 male) amongst 1086 PTCs
with a mean follow-up of 8 years [59]. Patients
displayed a younger age at presentation (mean
27 versus 45 years), larger tumor size (mean 6.9
versus 2.4 cm), higher incidence of lymph node
metastasis (100% versus 32%), and more fre-
quent antithyroglobulin antibodies (75% versus
11%). All underwent total thyroidectomy and
131I ablation. One patient with distant metastasis
at presentation was treated with additional
radioiodine therapy. Two others received post-
operative adjuvant external beam radiotherapy
(EBRT). One patient developed locoregional
recurrence, which was treated with salvage
surgery and EBRT. At the time of last follow-up,
all eight were alive and free of disease.

Although DSPC is associated with more
advanced locoregional disease and a high rate of
distant metastasis, prognosis remains com-
parable to classical PTC. An aggressive initial
approach comprising total thyroidectomy, selec-
tive neck dissection, and radioiodine ablation
results in a favorable outcome.
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Introduction

Anaplastic (giant cell) thyroid carcinomas
(ATC), in sharp contrast to differentiated
thyroid carcinomas, confer a dismal prognosis
with a median survival time after diagnosis of
3–6 months [1–3]. It is both a locally and sys-
tematically aggressive disease, with a better
prognosis seen only in the few cases with a small
tumor confined to the thyroid [2,4].

ATC is uncommon, accounting for less than
5% of all thyroid carcinomas [5,6]. Current 
epidemiological studies indicate that ATC has
decreased over time [2] and this might be partly
related to iodine prophylaxis and a decrease in
endemic goiter, and also to more aggressive
treatment of long-standing goiter [7].

Most patients suffering from ATC have until
recently died due to uncontrolled local tumor
invasion and mainly by suffocation [4,8]. ATC 
is a disease of the aged and the majority of
patients are older than 60 years [2,9–11]. The
treatment must consequently be influenced by
conditions associated with high age. On the
other hand, although patients with ATC can
rarely be cured, every effort should be made to
control the primary tumor and thereby improve
the quality of remaining life.

At diagnosis,almost all patients have a rapidly
enlarging thyroid mass. This mass is usually the
main reason for seeking urgent medical consul-

tation. Other symptoms at diagnosis, usually
related to the local tumor growth, are dyspnea,
dysphagia, local pain, and hoarseness. The dura-
tion of symptoms prior to diagnosis is usually
very short. The tumor mostly extends into the
surrounding tissues. Even if pulmonary metas-
tases are observed as early as at diagnosis, the
local growth is nonetheless mostly the dominat-
ing problem for these patients.

Surgical biopsy delays the initiation of
therapy in patients with ATC due to poor
healing of the surgical scar and in some cases
even enhances tumor growth [12–14]. Further-
more, an open biopsy from only one part of an
enlarged thyroid may be nondiagnostic if there
is a coexisting nodular goiter or well-differenti-
ated carcinoma. The diagnosis can instead be
established by means of multiple fine-needle
aspiration biopsies [15,16], which are neither
harmful nor troublesome for the patient. The
cytological diagnosis of this high grade malig-
nant tumor is usually not difficult for a certified
cytologist [15,16]. This technique leads to a
rapid diagnosis, and treatment can usually 
start in our clinics the same or next day. In a 
few patients with unclear diagnosis, additional
immunohistochemistry should be performed. It
is especially important to rule out primary lym-
phomas of the thyroid (previously often diag-
nosed as small cell anaplastic carcinomas of the
thyroid), which have a much better prognosis
[17].
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Local Tumor Control
Primary surgery of ATC is an uncertain and 
controversial issue due to the grossly invasive
disease and poor prognosis. It might be
justifiable in a few cases if cervical and medi-
astinal disease can be resected with reasonable
morbidity, particularly to avoid upper airway
obstruction [18]. Radical dissection of the
tumor is difficult to achieve in these cases. In
one series of 43 patients with distant metastases,
it was stated that only one had virtually the
entire tumor removed at the primary thy-
roidectomy [19]. Prophylactic tracheotomy
should be avoided as it might enhance local
tumor growth and delay scar healing [14].

In 32 ATC patients treated with tracheotomies
(of which 45% were prophylactic against later
respiratory complications), survival was sig-
nificantly lower (2 months compared with 5
months) than for 45 patients who did not
receive tracheotomies. Many of the patients had
local wound complications that led to delays in
postoperative radiation therapy [20].

Foci of ATC can sometimes be found in pa-
tients operated on for a differentiated thyroid
carcinoma or a goiter. These patients have a
better prognosis. They are sometimes included
in retrospective analyses, which falsely improves
the prognosis.

Primary radiotherapy alone of ATC has not
been very successful as these large tumors are
relatively resistant compared with other solid
malignant tumors. Local control of the primary
lesion (the neck and the upper mediastinum) is
almost never accomplished with radiation doses
of 60–65 Gy conventionally fractionated [8].
Hyperfractionated radiotherapy can reduce the
early reaction in normal tissues [21,22]. As ACT
is a rapidly growing tumor, it might be impor-
tant to decrease the “overall treatment time” by
accelerating the fractionation of the radiother-
apy regimen, thereby reducing the opportunity
for tumor cells to repopulate during the course
of treatment [22].

Multimodal Therapy Regimens
Surgery, radiation therapy, or chemotherapy
used alone is seldom adequate to control the
disease [1,23], though a combination of these
modalities might at least improve local control

[23,24]. The rationale for combining radiother-
apy and chemotherapy is that, as the toxicity of
these modalities is not entirely overlapping, an
enhanced tumoricidal effect might be obtained
[25].

Regimens Employed

The first successful report of local control of
ATC by radiotherapy and concomitant chemo-
therapy (5-fluorouracil and cyclophosphamide)
was in 1973 by Wallgren and Norin [26]. A com-
bination of dactinomycin and radiotherapy was
in 1974 reported as successful in a small series
[27]. However, when this material was enlarged
[1] and more advanced cases were included,
no obvious beneficial effects were observed 
with this additional chemotherapy. Simpson
[28] reported complete local tumor regression
in 6 out of 14 patients who had received hyper-
fractionated radiotherapy (1 Gy ¥2) to a total
dose of 36 Gy in combination with different
cytostatic regimens (usually doxorubicin).
More promising results were reported a few
years later by Kim and Leeper [29], who used
doxorubicin (1.6 Gy twice daily 3 days a week up
to 57.6 Gy). Out of nine patients, eight had com-
plete remissions. In 1987 Kim and Leeper [30]
reported that 19 patients had received the same
treatment and that 84% had a complete remis-
sion. However, these patients were younger than
expected for having ATC (median age 60 years),
the tumors were rather small, and none had dis-
seminated disease at the start of therapy.

Our own experience dates back to the early
1970s. Since then, different treatment regimens
have been used at Radiumhemmet, Stockholm
and the Department of Oncology, University
Hospital, Lund (Table 31.1). Since 1980 the same
regimens have been used at both cancer centers
and the patient materials have been pooled
before assessment of the regimen employed.
Almost all patients with ATC diagnosed in
Stockholm and southern Sweden are referred
and admitted to these two cancer centers. Thus,
there is no obvious selection-bias in our patient
materials.

At first, single-drug chemotherapy was used
at Radiumhemmet in combination with con-
comitant radiotherapy (Table 31.1). Out of eight
patients treated with methotrexate and radio-
therapy (2 Gy, one fraction per day up to 30–
40 Gy), seven showed a transient but objective
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remission. As this combination carried severe
side effects in all the patients, methotrexate 
was replaced by BCF (bleomycin, 5 mg/day,
cyclophosphamide 200 mg/day, 5-fluorouracil,
500 mg every second day). This combination
was less toxic. Seven of nine patients had a 
complete or partial remission. Of these nine
patients, one was operated on after the combi-
nation treatment was terminated. This patient
was still alive 20 years later.

The same regimen but without the bleomycin
(CF – the regimen proposed by Wallgren and
Norin) was used in Lund between 1973 and 1975
(Table 31.1). This regimen was adopted in eight
patients [31] and arrested the local growth in
six, but finally all patients except one died due
to local failure. By adding debulking surgery to
this regimen [32], four out of five patients
achieved local control and died as a result of
disseminated disease. Debulking surgery can
consequently remove the large necrotic tumor
mass, which may enhance the efficacy of the
other treatment modalities [24,32].

In a study from our institutions, presented by
Werner et al. [33] and reviewed by Ekman et al.
[13], BCF was given pre- and postoperatively,
and the radiotherapy was changed into two frac-
tions per day. After the first course of radiother-
apy (30 Gy) resectable parts of the tumor were
removed as a debulking procedure. However, if
surgery was considered not possible, the second
course of radiotherapy was resumed within 3
weeks. The radiotherapy was preoperatively
administered to a target dose of 30 Gy in 3 weeks
and postoperatively an additional 16 Gy in 1.5
weeks, resulting in a total target dose of 46 Gy. It

was administered twice daily, with a target dose
of 1 Gy per fraction with a minimum interval of
6 hours. The radiation target volume included
the cervical nodes and the upper mediastinum.
Only 36% (9/25 patients) died due to local
failure. Three patients were cured, after a follow-
up of 6 years without any recurrence. Several of
these patients, however, suffered from severe
related toxicity (epithelitis or mucosa ulcera-
tions in the mouth and throat), which caused
treatment interruptions.

Because ATC usually affects people of
advanced age, a compromise between efficacy
and toxicity must be accepted. An aggressive
cytostatic regimen within a multimodal appro-
ach is probably infeasible [24]. The most effec-
tive and widely used single cytostatic agent
against thyroid carcinomas is doxorubicin [13].
The combination of doxorubicin and radiation
in mammalian tumor cells is synergistic, when
a low dose of this cytostatic agent (<0.15 mg/kg)
is used [34]. The mechanism responsible for the
radiosensitizing effect of doxorubicin is still 
the subject of speculation [35]. The treatment
recommended by Kim and Leeper in 1983 [29]
was therefore used, replacing the BCF regimen
with Adriamycin, administered once weekly 1–2
hours before the first radiotherapy session.

Between 1984 and 1999, we have prospec-
tively treated 55 consecutive patients with ATC
(Table 31.2) according to a combined regimen
consisting of hyperfractionated radiotherapy,
doxorubicin, and, when feasible, surgery [36].

Radiotherapy was carried out for 5 days a
week. The daily fraction until 1988 was 1.0 Gy ¥2
(protocol A) and 1989–1992 1.3 Gy ¥2 (protocol

Table 31.1 Various regimens used for treatment of anaplastic thyroid carcinoma (since 1980 the patient materials from Lund and
Stockholm have been pooled)

Stockholm: Period Lund: Period No. of patients Regimen

1971–1973 – 8 RT + methotrexate [12]
1973–1975 1973–1975 9; 8 RT + BCFa [12; 31]
– 1975–1979 5 RT + BCFa + surgeryb [32]
1975–1983 1980–1983 25 HRT + BCF + surgeryb [33]
1984–1988 (A) 1984–1988 16 HRT + doxorubicin + surgeryb [11]
1988–1993 (B) 1988–1993 17 HART (1.3 Gy ¥ 2/d) + doxorubicin + surgery [11]
1994–1999 (C) 1994–1999 22 HART preoperatively only (1.6 Gy ¥ 2/d) +

doxorubicin + surgery [36]

a Bleomycin was not used in Lund during 1973–1979.
b Surgery if feasible.
RT, radiotherapy; HRT, hyperfractionated RT; HART, hyperfractionated accelerated RT; BCF, bleomycin +Sendoxan+ 5-FU.
Reference numbers are given in square brackets.
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B) (Tennvall et al. 1994 [11]). Thereafter 1.6 Gy
¥2 (protocol C) was administered [36] (Figure
31.1). Radiotherapy was administered to a total
target dose of 46 Gy; of which 30 Gy was admin-
istered preoperatively in the first two protocols
(A and B), while the whole dose was given pre-
operatively in the third protocol (C). Since the
radiotherapy was accelerated, the minimum
interval of 6 hours between the two fractions
was even more important so as to prevent spinal
cord myelopathy [37,38]. The therapy was 
otherwise identical. Twenty mg doxorubicin was
administered intravenously weekly. Surgery 
was possible in 40 patients. No patient failed to
complete the protocol due to toxicity. In only 13
cases (24%) death was attributed to local failure.
Five patients (9%) had a “survival” exceeding 2
years. No signs of local recurrence were seen in
33 patients (60%); 5/16 (31%) patients in proto-
col A, 11/17 (65%) patients in protocol B, and
17/22 (77%) patients in protocol C (P = 0.017).
In the 40 patients undergoing additional
surgery, no signs of local recurrence were seen
in 5/9 (~56%) patients, 11/14 (~79%) patients
and 17/17 (100%) patients in groups A, B, and C,
respectively (P = 0.005). On the other hand, in
protocol A, two patients with pulmonary metas-
tases at diagnosis did not undergo surgery and
finally succumbed due to local failure.

The primary aim of preventing patients with
ATC from dying due to suffocation caused by
local tumor invasion was achieved in protocol
C, which is also in accordance with our current
recommendations for local therapy. The present

multimodal treatment of ATC seems to be feasi-
ble and effective, despite the patients’ age and
locally advanced disease. There was a significant
positive correlation between accelerated radio-
therapy and local tumor control. None of the 17
patients in protocol C, that is, those receiving
the most accelerated hyperfractionated radio-
therapy and subsequent surgery, had a local
remnant tumor or suffered local recurrence.

Macroscopically radical surgery is a prereq-
uisite for local cure, since all 33 patients
showing no signs of remnant or recurrent local
tumor growth had radical surgery. It appears
that the surgery does not need to be micro-
scopically radical as only three patients fulfilled
this criterion: one in protocol A, and two in pro-
tocol B. A conceivable alternative to a preopera-
tive radiation dose of 46 Gy would be a dose of
68–70 Gy with the same fractionation (1.6 Gy
¥2) but without succeeding operation. Such an
alternative would probably not be feasible for
this elderly patient population and furthermore
the eradication of large thyroid tumours would
probably be less effective than that of the
present multimodal strategy [39].

Treatment of Disseminated
Disease
Several studies have indicated that ATC is rela-
tively resistant to chemotherapy. No response
was observed in distant metastases in our recent
study [36], or in another study employing 
doxorubicin (60 mg/m2), cisplatin (90 mg/m2),
and local radiation [24]. The use of a more
aggressive cytostatic regimen in a multimodal
approach is therefore not justified, except possi-
bly in younger subjects performing well upon
termination of local therapy. Such a strategy
would not compromise the completion of the
local therapy, which, however, comes into
conflict with starting the systemic therapy 
when the metastases are still small or not yet
apparent.

In vitro assays on ATC from 14 patients,
demonstrated chemoresistance to doxorubicin,
etoposide, cisplatin, carboplatin, and cyclophos-
phamide in the majority of tumors [40]. The
observed relative ineffectiveness of antineoplas-
tic agents in ATC suggests an active role for one
or more cellular mechanisms associated with

Table 31.2 Anaplastic giant cell carcinoma of the thyroid:
Patient characteristics and tumor extent at start of therapy 
in the studies performed at Karolinska and Lund University
Hospitals during 1984–1999 [36]

No. of patients 55
Sex (M/F) 17/38
Age: median 76
Age: range 46–94
Disease: limited to the neck 38
Disease: disseminated (=lung) 17
Extrathyroidal growth (T4, UICC) 51
Large intrathyroidal tumor (pT3) 4
Vocal cord paralysis 18

Estimated tumor volume:
<50 cm3 12
50–200 cm3 22
>200 cm3 21
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chemotherapy resistance [3,41]. Apart from
providing an explanation of the failure of sys-
temic chemotherapy, such mechanisms might
provide appropriate targets for inactivation in
order to restore clinical response to standard
chemotherapies [3].

Although no form of chemotherapy has yet
been found to result in improvement in survival
or to have a substantial effect on established

metastases, new chemotherapeutic agents
should be tested [3]. Paclitaxel has recently been
shown to have activity both against tumor cell
lines and tumor xenografts [42]. Furthermore 
a phase II study with 96-hour continuously
administered paclitaxel every third week has
demonstrated 50% objective remissions [43].

New modalities, such as inhibitors of angio-
genesis, might in the future also prove to be

Doxorubicin

Surgery (S)

Radiotherapy
(Gy/fractions)
1.6 Gy × 2/day

20 mg i.v. weekly

S

Adriamycin

Surgery (S)

Radiotherapy
(Gy/fractions)

20 mg i.v. weekly

S

0 1 2 3 4 5 6 87 9 10
Weeks

Adriamycin

Surgery (S)

Radiotherapy
(Gy/fractions)

20 mg i.v. weekly

S

0 1 2 3 4 5 6 87
Weeks

0 1 2 3 4 5
Weeks

Treatment protocol A

Treatment protocol B

Treatment protocol C

16 Gy/16 fractions

16 Gy/12 fractions

30 Gy/30 fractions

30 Gy/23 fractions

46 Gy/29 fractions

Anaplastic Giant Cell Carcinoma of the Thyroid

Figure 31.1 Treatment protocol for anaplastic carcinoma of the thyroid for the three consecutive protocols A, B, and C [36]. Our
current recommendations for local therapy are according to protocol C. i.v., Intravenous. (Reprinted with permission from Tennvall J,
Lundell G, Wahlberg P, et al. Anaplastic thyroid carcinoma: three protocols combining doxorubicin, hyperfractionated radiotherapy
and surgery. Br J Cancer 2002; 86:1848–1853.)
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useful tools for control of the growth of ATC
[44]. One patient with ATC, who had exhausted
all known treatment regimens used for this
disease, responded completely to combretas-
tatin (Oxigene) as a single-agent treatment. The
patient has been disease free for more than 36
months [45]. This finding has initiated a new
protocol in the USA with combretastatin in ATC.
Combretastatin has also displayed significant
cytotoxicity against ATC cell lines comparable
to paclitaxel and these effects were long-lasting
in two cell lines compared with the duration of
paclitaxel [46]. However, as tumors grow, they
begin to produce a wider array of angiogenic
molecules. Therefore, if only one molecule is
blocked, tumors may switch to another mole-
cule [47]. Thus a cocktail of antibodies/
inhibitors may be required.

There is increasing evidence that tumor
removal alters the growth of minimal residual
disease leading to perioperative growth [14].
These factors may be broadly classified as 
dissemination of tumor cells, postoperative
immunosuppression, and accelerated residual
tumor growth through, for example, reduced
apoptosis and angiogenic switch. Because the
patients seem to be at maximum risk during the
immediate postoperative period this may re-
present a therapeutic window of opportunity
during which novel paradigms aimed at reduc-
ing perioperative tumor growth may be used.

A large proportion of patients with ATC have
had multinodular goiter for many years. Dif-
ferentiated thyroid carcinoma is often found
concomitantly in or adjacent to the ATC. The
question whether all or some ATCs develop
from differentiated thyroid carcinoma remains
unclear. Multistep tumorigenesis has been pro-
posed by several authors [48,49], but there is as
yet no definite proof for that hypothesis. In the
future, a major task will be to identify genetic
markers in papillary or follicular thyroid carci-
nomas that eventually predisposed to anaplas-
tic dedifferentiation. Sodium/iodide symporter
(NIS) gene therapy is also being currently con-
sidered for dedifferentiated thyroid carcinomas
with the ultimate aim of making radioiodine
therapy possible [50,51]. Effective radioiodine
therapy requires, however, more than a func-
tional hNIS gene. There should be sufficient
expression of TSH receptors and downstream
signal transduction machinery to amplify hNIS
expression when TSH levels rise. In addition,

failure to organify radioiodine compromises 131I
residence time in thyroid carcinoma cells, per-
mitting radioiodine reflux and insufficient 
radiation delivery [50,52].
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Introduction

Palliative care aims to improve the quality of life
of all patients with progressive life-threatening
diseases including cancer. It focuses on the 
psychological, social, and spiritual as well as
physical domains through a multidisciplinary
approach and also encompasses care of family
and friends. Problems caused by the disease and
by its treatment are addressed.

Fortunately most patients presenting with
thyroid cancer are cured. This chapter will 
focus on the management of physical pro-
blems encountered by patients with anaplastic
thyroid cancer, which carries a poor prog-
nosis in contrast to other forms of thyroid
cancer. The principles of management dis-
cussed may be applied to the other diagnostic
groups. The focus is on physical problems in-
cluding end-of-life care as psychological issues
are dealt with in Chapter 6. Timely referral to 
a palliative care service is advisable for this
patient group.

Table 32.1 details the likely sites of metastases
seen in the common types of thyroid cancer and
the associated symptoms.

During the course of this chapter I shall use
the case of Jane, who died from anaplastic
thyroid cancer 6 months following presentation,
to illustrate the typical palliative care problems
encountered in patients with incurable thyroid
cancer.

Pain
Most cancer patients fear pain yet in general
25% of patients with cancer have no pain [1]
and 33% have three or more pains [2]. Approx-
imately 15% of pains encountered in cancer
patients [2] are not due to malignancy. Patients
with recurrent and/or metastatic thyroid cancer
more commonly suffer pain due to local tumor
progression, bone metastases, and nerve com-
pression or infiltration.

The key to successful pain management is:

• accurate diagnosis of the cause;
• appropriate analgesia including disease

modifying treatment(s);
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Jane was aged 47 years when she presented
with a 6 ¥ 4 cm rapidly growing inoperable
anaplastic carcinoma of her thyroid gland
causing stridor, fear, and pain. Her early pain
was nociceptive in origin and easily con-
trolled using a combination of oral codeine,
titrated from 30 mg to 60 mg 6-hourly, high
dose corticosteroids that also afforded a
degree of upper airways protection, and
paracetamol. She required immediate tra-
cheal stenting for stridor. Her fear abated
with relief of stridor and pain and also fol-
lowing a clear explanation of the cause of her
problems and the treatment plan.
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• adequate explanation and empathy;
• regular monitoring of response.

World Health Organization
Analgesic Ladder
More than 90% of cancer pains are relieved by
following the World Health Organization’s anal-
gesic ladder (Figure 32.1) [3]. It provides a basis
for the use of primary analgesics. The choice of
primary analgesics is wide. Those commonly
used and thus widely available are listed in Table
32.2. Analgesia should be given orally, regularly
to prevent pain, and by the ladder. Thus if pain
fails to respond to a non-opioid (step 1), a weak
opioid (step 2) is added and should that fail, a
strong opioid (step 3) substituted. Occasionally
step 2 is bypassed in favor of using a small dose
of strong opioid for convenience. If pain fails to
respond to one weak opioid a strong opioid

should be used rather than trying an alternative
weak opioid. In addition to regular preventative
analgesia, patients with ongoing pain should
also be provided with a rapid-acting analgesic
for breakthrough pain. This should be equiva-
lent to 10–20% of their 24-hour dose.

Prescribing Morphine
Morphine is the oral strong opioid analgesic of
choice [3]. A typical starting dose in patients
switching from a weak opioid (e.g. codeine 
240 mg daily) is 40–60 mg daily. Smaller starting
doses (e.g. 10–20 mg daily) should be consid-
ered in the elderly, patients with renal impair-
ment, and those who are opioid naïve. During
the titration phase it may be given 4-hourly 
and the dose adjusted daily, for example from 5
to 10 to 15 to 20 to 30 to 40 mg 4-hourly and 
thereafter by increments of 25–33% in patients
under close supervision or every 3 days in
patients at home. Patients with renal im-
pairment should be titrated slowly as they
accumulate morphine-6-glucuronide (M6G)
and morphine-3-glucuronide (M3G), which can

Table 32.1 Disease sites and symptoms associated with advanced thyroid cancer

Type Problem Symptom

Anaplastic Local disease progression Pain, tumor fungation, infection, bleeding, pressure symptoms
Papillary
Medullary
Papillary Lymph node metastases Pain, neuropathy, lymphedema
Anaplastic
Medullary
Follicular Lung metastases Dyspnea, cough, hemoptysis
Anaplastic
Medullary Bone metastases Pain, fracture, immobility

Step 3Strong opioid e.g. orphine 
+    non-opioid
+/- adjuvant analgesic 

Step 2 

Weak opioid e.g. codeine + non-opioid 

+/- adjuvant analgesic 

Step1

Non-opioid e.g. paracetamol, NSAIDs +/- adjuvant analgesic 

Step 3 

Strong opioid e.g. morphine

+    non-opioid

+/- adjuvant analgesic 

Figure 32.1 The World Health Organization three-step anal-
gesic staircase for cancer pain [3].

Table 32.2 Choice of primary analgesics

Analgesic 
class First choice Second choice

Non-opioid Acetaminophen Nonsteroidal anti-
(paracetamol) inflammatory 

drugs (NSAIDs)
Aspirin

Weak opioid Codeine Dihydrocodeine
Strong opioid Morphine Oxycodone

Hydromorphone
Fentanyl
Methadone
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cause respiratory depression, neurotoxicity, or
excessive sedation. Once pain is controlled a
modified release preparation given 12-hourly or
once daily should be substituted for conven-
ience. There is no ceiling dose for morphine.

Common side effects of all strong opioids
include the following:

• Chemically mediated nausea and vomiting
occurs in approximately 30% of patients,
lasts 5–7 days, is mediated by dopamine
and can be controlled by haloperidol 1.5–
3 mg once daily. Haloperidol may be dis-
continued after one week. It may recur
with subsequent opioid dose escalation.

• Constipation affects most patients. Laxa-
tive therapy should be prescribed for all
patients commenced on opioids unless
there is a contraindication. The laxative
dose requirement increases with opioid
dose increase and most patients on higher
opioid doses require a combined soften-
ing and stimulating laxative such as 
codanthramer.

• Transient drowsiness lasts 3–5 days and
may recur with subsequent dose increases.
Patients should be should be advised of
this and counseled not to drive or operate
mechanical equipment while affected.

Morphine Intolerance
Some patients are intolerant of morphine. Our
understanding of opioid pharmacogenetics is
incomplete and as yet there is no way of pre-
dicting which opioid will suit an individual
patient. In addition there is significant inter-
individual variation in bioavailability (Table
32.3). Management strategies include:

1. morphine dose reduction;
2. switching the patient to an alternative

strong opioid;

3. addition of drug treatment targeted at con-
trolling the intolerable adverse effect.

If opioid dose reduction fails to resolve the pro-
blem or results in recurrence of pain, switching
opioid is usually preferable to adding another
pharmacological agent.

Clinical Presentation and Management of
Morphine Intolerance

• Gastric stasis manifested by early satiation,
large volume vomiting, flatulence, hiccups,
and little nausea occurs in less than 5% of
patients on opioids and can be relieved by
the addition of a prokinetic agent such as
metoclopramide or domperidone.

• Cognitive impairment presenting as delir-
ium and hallucinations can be managed 
by opioid dose reduction, switching to 
an alternative strong opioid and/or addi-
tion of a major tranquilizer such as
haloperidol.

• Dysphoria is rare and necessitates either
dose reduction or switching to an alterna-
tive opioid.

• Dry mouth can be particularly trouble-
some for patients, affecting sleep, speech,
and swallowing. Artificial salivas are of
limited value. It is best managed by switch-
ing opioids.

• Vestibular stimulation – patients complain
of movement-related nausea, vomiting,
and dizziness. Switching opioids or adding
an antihistamine such as cyclizine may
control it.

• Pruritus is rare when opioids are adminis-
tered orally. It may be relieved by oral
ondansetron 4 mg 12-hourly or by switch-
ing opioids.

• Myoclonus presents as jerking and/or mul-
tifocal twitching. Patients will often com-

Table 32.3 Pharmacokinetics of oral strong opioids [10,11]

Morphine Hydromorphone Oxycodone Methadone

Oral bioavailability 16–68% 37–62% 60–87% 40–96%
Onset of action (min) 20–30 20–30 20–30 30
Duration of action (hours) 3–6 4–5 4–6 4–24
Plasma half-life (hours) 1.5–4.5 2.5 3.5 8–75
Active metabolites Yes Yes Minor No
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plain of dropping items or spilling drinks.
It can be a manifestation of toxicity, and
thus the first step in management is opioid
dose reduction. Low dose benzodiazepines
are usually helpful [4].

• Histamine release causing bronchocon-
striction and breathlessness requires
immediate opioid switch together with
short-term bronchodilator and antihista-
mine therapy.

Alternative Strong Opioids
The more frequently used strong opioid anal-
gesics oxycodone, hydromorphone, transdermal
fentanyl, and methadone are as effective as mor-
phine [5–9]. They differ in their pharmacoki-
netic profiles (Table 32.3).

The recommended conversion ratios between
some opioids vary between the UK and USA
[10,11] (Table 32.4).

When switching opioids it is important 
to consider incomplete cross-tolerance and
observe the patient closely for opioid toxicity.
Choice depends on:

• patient-related factors, for example renal
status, problems with constipation;

• disease treatment related factors, for
example risk of mucositis or vomiting;

• cost – in the UK methadone is least ex-
pensive, fentanyl most expensive, and 

oxycodone is 10% more expensive than
hydromorphone.

Table 32.5 may help with making a rational
choice.

Non-Oral Routes
Generally there is no analgesic benefit in giving
strong opioids that are available in oral formu-
lations by the parenteral route for chronic pain
management. The indications for injectable
analgesics are:

• vomiting;
• need for rapid analgesic effect;

Table 32.4 Recommended conversion ratios for strong
opioids, USA and UK [10,11]

Conversion ratio

Morphine Æ hydromorphone 5 : 1 USA
7.5 : 1 UK

Hydromorphone Æ morphine 1 : 3.5–5 USA
Morphine Æ oxycodone 3 : 2 USA

2 : 1 UK
Morphine Æ methadone 10 : 1
Morphine Æ TD/SC fentanyl 100–150 : 1
Oral morphine Æ SC diamorphine 3 : 1
Oral Æ SC morphine 2 : 1
Oral Æ SC hydromorphone 2 : 1
Oral Æ SC oxycodone 2 : 1

TD, transdermal; SC, subcutaneous.

Table 32.5 Advantages and disadvantages of alternative strong opioids [5–9,12,13]

Drug Advantages Disadvantages

Oxycodone Less cognitive impairment, pruritus and More constipating
sedation No potent injectable form in UK 5% of white 

No major active metabolites people lack CYPD6 enzyme necessary for 
Easy to calculate conversion rates metabolism
Oral liquid available in UK

Hydromorphone Cheaper than oxycodone in UK May accumulate in renal failure
Injectable form is highly soluble Risk of error in calculating conversion dose

No oral liquid form in UK
Transdermal fentanyl Safe in renal impairment Unsuitable in unstable pain

Useful in patients with dysphagia, vomiting Patch allergy
or mucositis Most expensive – may save on laxative

Less constipating and possibly less cognitive 
impairment

Methadone Least expensive Long half-life posing risk of fatal dose 
Safe in renal and liver impairment accumulation
NMDA receptor antagonist activity
No active metabolites
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• progressive or severe dysphagia;
• last hours or days of life where swallowing

is inconvenient for the patient.

Adjuvant Analgesics
Some pains, typically neuropathic pain, skin
pain, movement-related pain, and colic, are 
only partially responsive or do not respond to
opioids. Adjuvant analgesics, also called second-
ary analgesics or co-analgesics, should be con-
sidered. They are usually used along with 
but may be considered instead of primary anal-
gesics (i.e. paracetamol (acetaminophen),
NSAIDs, and opioids).

• Tricyclic antidepressants, for example
amitriptyline 10–75 mg at night, and/or
anticonvulsants, for example sodium val-
proate 200–1000 mg at night or gabapentin
100–800 mg 8-hourly, are the mainstay of
treatment for neuropathic pain. Both drug
groups have similar efficacy, relieving neu-
ropathic pain intensity by 50% in 30% of
patients on average [14,15]. Some patients
benefit from a combined approach.

• Antispasmodics, for example hyoscine
butylbromide (not available in the USA) 
20 mg subcutaneously (SC) as required 
or 40–180 mg by continuous infusion and 
glycopyrronium 200–400mg SC as required
or 600–1200mg by continuous infusion,
relieve colic.

• Corticosteroids may be used to reduce 
peritumor edema and thus relieve pain
related to nerve compression or cerebral
metastases.

• Muscle relaxants, for example diazepam or
baclofen, are useful for muscle cramp and
myofascial pain.

• NMDA receptor channel blockers, for
example ketamine, for neuropathic, muco-
sal, skin, or incident pain should be used
under specialist supervision.

Non-Drug Therapies
Some patients benefit greatly from physiother-
apy including heat therapy, ultrasonic therapy,
massage, and trancutaneous electrical nerve
stimulation (TENS). Trigger point injection and
acupuncture can be particularly useful for

myofascial pain. Other useful treatments include
relaxation therapy, lifestyle management advice,
nerve blockade, cognitive behavioral therapy
techniques, and hypnosis.

Persistent Pain
When pain persists it is important to reassess
the patient. Common pitfalls in management
include:

• failure to diagnose and treat coexisting
anxiety and depression;

• onset of new pain or presence of previ-
ously undiagnosed pain;

• poor patient adherence to prescribed 
medications;

• inadequate analgesic dosing or inappro-
priate dosing intervals.

Jane commenced radiotherapy with pallia-
tive intent. Her course was complicated by
painful mucositis, which responded to
replacement of codeine 240 mg, originally
initiated for neck pain, by morphine 40 mg
daily (using a conversion ratio of 10 : 1) and
subsequent dose titration to 120 mg daily. She
also developed progressive dysphagia due to
mucositis and preferred nasogastric intuba-
tion for feeding and delivery of medication
rather than the alternative option of gastros-
tomy feeding.

The formulation of morphine was changed
from modified release tablets to an equal
dose of a modified release liquid formula-
tion. She suffered a series of blackouts that
were attributed to carotid sinus dysfunction
secondary to tumor encroachment. They
occurred without warning and required her
to have constant companionship for safety.
Their frequency was greatly reduced follow-
ing reintroduction of corticosteroids, which
presumably reduced peritumor edema. Four
weeks following completion of treatment she
complained of drowsiness and twitching,
which was due to opioid toxicity. Her mor-
phine requirement had fallen as a result of
response to radiotherapy and improvement
in mucositis.
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Discussion Points

1. Mucositis – other treatment options
include:
• benzydamine 0.15% oral rinse 15 mL 2-

hourly if required;
• topical lidocaine as a 2% solution or

made up as frozen or sugar-free lozenge;
• alcohol-free liquid morphine 10 mg in 

5 mL 4-hourly used as a mouth rinse or
swallowed;

• coating agents such as sucralfate suspen-
sion 10 mL 4–8-hourly as a rinse and
swallowed 12-hourly;

• ketamine transmucosal, oral or par-
enteral under specialist supervision.

2. Changing opioid requirements: It is im-
portant to monitor patients on opioids 
for toxicity following disease-modifying
treatments or introduction of opioid-
sparing drugs such as corticosteroids,
NSAIDs and ketamine or nerve blockade.
Signs of toxicity include pinpoint pupils,
drowsiness, jerking, and respiratory
depression. Their opioids including break-
through medication should be reduced by
25–50%.

3. Dysphagia:
• Consult a speech and language therapist

for advice on swallowing techniques. If
likely to be progressive or protracted
consider percutaneous endoscopic gas-
trostomy (PEG) for feeding and admin-
istration of medication.

• Rationalize medication and use non-oral
preparations if practicable. Jane required
a nasogastric tube and thus a change 
in opioid formulation. Transdermal fen-
tanyl could have been used. Her anti-
cipated requirement would have been
25–50mg/hour starting with the lower
option. In a randomized crossover study
of oral morphine and transdermal fen-
tanyl [6], most patients required a higher
fentanyl dose than the manufacturers’
recommendations when switched to fen-
tanyl from morphine.

4. Corticosteroids as interim palliation may
prove valuable in reducing tumor-associ-
ated edema pending response to radio-

therapy. In fact, edema may be temporar-
ily exacerbated by radiotherapy causing an
increase in local neck symptoms.

Jane’s disease progressed despite radiother-
apy and Caelyx chemotherapy, with progres-
sion of local neck disease, widespread
pulmonary, nodal and base of skull metas-
tases. She complained of increasing neck
pain and tenderness, facial pain with associ-
ated allodynia involving the mandibular
division of the right trigeminal nerve and
ondynophagia related to candidiasis and
possibly glossopharyngeal neuralgia. Her
neuropathic pains responded to introduction
of gabapentin 100 mg 8-hourly with dose
titration to tolerance – 400 mg 8-hourly – and
supplementation with amitriptyline 10 mg 
at night. The inflammatory component of
neck pain responded to NSAIDs and pain 
on swallowing resolved with treatment of
candidiasis.

She also complained of dry cough, which
was eventually controlled by nebulized lido-
caine 2% 4 mL 6-hourly, occasional minor
hemoptysis, which resolved with introduc-
tion of tranexamic acid 500 mg 8-hourly,
breathlessness, which initially responded to
relaxation techniques and a 25% increase 
in her daily opioid dose. She subsequently
required re-stenting of her original tracheal
stent for recurrence of upper airways
obstruction. She felt particularly anxious and
frightened that she would choke and was also
troubled by excessive oropharyngeal secre-
tions and drooling.

Discussion Points

1. Breathlessness is a particularly frightening,
distressing, and challenging symptom. To
manage:
• correct reversible causes, for example

bronchospasm or pleural effusion;
• ensure optimal environmental condi-

tions, for example cool ambient temper-
ature and through airflow or fan;

• position patient comfortably;



Specialist Palliative Care for Anaplastic Thyroid Carcinoma 417

• explain the cause and treatment plan;
• involve a physiotherapist to teach

breathing techniques;
• treat associated anxiety using relaxation

and cognitive behavioral therapy tech-
niques;

• prescribe oxygen for hypoxic patients;
• prescribe benzodiazepines for panic and

anxiety;
• prescribe opioids to reduce the sensation

of breathlessness – if patient is opioid
naïve start with a low dose, for example
morphine 2.5–5 mg 4-hourly, and titrate
as required. If patient is already on
opioids increase their 24-hour dose by
25% and continue to adjust according to
response;

• prescribe helium 80% and oxygen 20%
mixture, which is lighter than room air
for upper airways obstruction.

2. Dry cough – if there is no underlying
reversible cause it may be suppressed by:
• oral antitussives such as simple linctus

10 mL as required, codeine linctus 15–
30 mg 6-hourly or methadone linctus
1–2 mg 6-hourly;

• inhaled or nebulized steroids;
• lidocaine 2% 4 mL nebulized for trou-

blesome cough where other measures
have failed. Patients should be advised 
to avoid eating or drinking for 90
minutes following treatment to prevent
aspiration.

3. Fear and panic (see also Chapter 6) are
understandably common in patients with
compressive symptoms related to neck
disease and also in patients facing death. It
is important to:
• explore the underlying causes and deal

with any irrational thoughts;
• seek help from a clinical psychologist for

patients with complex problems;
• consider benzodiazepines, for example

diazepam 2–5 mg 8-hourly or lorazepam
0.5–1 mg 12-hourly. Antidepressants
with anti-panic actions such as the selec-
tive serotonin reuptake inhibitor (SSRI)
sertraline 20 mg daily or the tricyclic

antidepressant clomipramine 25 mg
daily may also help.

4. Excess oral secretions and salivary drooling
can be particularly frustrating and embar-
rassing. Drugs with anticholinergic activ-
ity such as hyoscine hydrobromide 1 mg
transdermal (TD) patch or 150–300mg
sublingually (SL)/orally 6-hourly are effec-
tive. Glycopyrronium 200–400mg SC or
400–1200mg by continuous SC infusion
(CSCI) and hyoscine butylbromide 20 mg
orally or SC and 40–180 mg by CSCI are
equally effective.

5. Management of bleeding
• Identify and treat underlying cause if

appropriate.
• Consider referring patient for palliative

radiotherapy.
• Monitor patient for anemia and trans-

fuse if indicated.
• Prescribe tranexamic acid (avoid in

hematuria) 500 mg 8-hourly or etamsy-
late 500 mg 6-hourly to reduce bleeding.

• For patients at risk of a major bleed in
the terminal phase ensure ready avail-
ability of sedative medication such as
midazolam 10 mg injection buccal/intra-
venous (IV)/intramuscular (IM)/SC or
diazepam 10 mg per rectum, and green
towels or surgical cloths to minimize the
visual impact of blood loss. If a major
bleed occurs stay with and reassure the
patient and family.

6. Lymphedema – the mainstay of manage-
ment is:
• good skin care;
• regular exercise of the affected limb;
• massage therapy;
• compression therapy;
• prevention and early treatment of infec-

tion in the lymphedematous area;
• a short course of high dose corticos-

teroids, for example dexamethasone 
16 mg daily for one week for acute 
lymphatic obstruction;

• further radiotherapy or chemotherapy if
appropriate.
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Other Problems Seen in
Advanced Thyroid Cancer
Fungating Malodorous Neck Tumor
This is fortunately rare. Affected patients often
require continuous inpatient care to manage 
the associated anxiety and fear of bleeding or
choking as well as frequent need for dressings.
Specific management should include:

• radiotherapy if appropriate to reduce
bleeding and discharge;

• regular change of occlusive dressings;
• use of topical metronidazole 0.75–1% gel

with dressings, which will control malodor
in most patients; some will require sys-
temic metronidazole for deep-seated
anaerobic infection;

• active management of aerobic infection.

Nausea and Vomiting
It is important to distinguish the cause(s) of
nausea and vomiting and target antiemetic
treatment at the appropriate receptor(s) [16,17].
Commonly overlooked causes in this patient
group include constipation, excess pharyngeal
secretions, cerebral metastases, oropharyngeal
candidiasis, emetogenic drugs, and gastric
stasis. It is often necessary to initiate parenteral
antiemetic therapy to gain control, switching to
oral therapy after 24–48 hours.

There are five main causes:

• Chemical causes include drugs such as
opioids or metronidazole, or biochemical
disturbances such as hypercalcemia and
uremia. They act via the chemoreceptor
trigger zone (CTZ), which in animals has a
preponderance of dopamine receptors.
Thus the treatment of choice is haloperi-
dol, a dopamine (D2) antagonist, 1.5–3 mg
oral/SC once daily.

• Impaired gastric motility, which is charac-
terized by epigastric fullness, early satia-
tion, flatulence, reflux and large volume
vomiting, may be treated with metoclo-
pramide 10–20 mg 8-hourly or 30–90 mg
by CSCI or domperidone 10–20 mg 8-
hourly if extrapyramidal side effects are a
risk.

• Chemotherapy or radiotherapy induced
nausea and vomiting should be managed
with oral or parenteral 5HT3 antagonists.

• Vestibular or direct stimulation of the vom-
iting center due to intracranial disease or
radiotherapy and vagal/autonomic afferent
stimulation of the vomiting center due to
pharyngeal irritation, mediastinal, or sub-
diaphragmatic metastases are common in
patients with advanced cancer. The main
neurotransmitters implicated are hista-
mine 1 (H1), acetylcholine (AChm), and
5HT2. Cyclizine blocks H1 and AChm re-
ceptors, hyoscine hydrobromide blocks
AChm receptors and levomepromazine has
broad-spectrum antiemetic activity block-
ing 5HT2, D1, AChm, and possibly H1. The
respective doses are: cyclizine 50 mg oral/
SC 8-hourly or 150 mg by CSCI; levome-
promazine 5–12.5 mg oral/SC once daily;
hyoscine hydrobromide 1 mg TD or 150–
300mg SL/oral 6-hourly or 600–1800mg by
CSCI over 24 hours.

One month later Jane was admitted as an
emergency from home with sudden onset of
stridor and a large intrapulmonary hemor-
rhage. She was given midazolam 10 mg IM
during transfer from home and remained
calm until she died peacefully a few hours
later surrounded by family and friends. On
arrival she had marked halitosis that resolved
within 20 min of receiving IV metronidazole.

End-of-Life Care [18]
• Ensure patient and family are aware that

death is imminent.
• Address their fears and concerns; be

mindful of spiritual needs.
• Stop all unnecessary drugs and 

interventions.
• Ensure that appropriate regular and break-

through medications are prescribed for
ongoing management of pain, nausea,
excess retained respiratory secretions, and
agitation. At this stage many patients are
unable to reliably take oral medications
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and require introduction of parenteral
medication. See Table 32.4 for opioid con-
version ratios.

Typical end-of-life drug regimens include:

1. parenteral opioid by CSCI;
2. cyclizine 100–150 mg or levomepromazine

5–12.5 mg by CSCI to prevent emesis;
3. midazolam 10–60 mg or levomepromazine

25–100 mg for terminal agitation;
4. glycopyrronium 600–1800mg, hyoscine

hydrobromide 600–1800mg, or hyoscine
butylbromide 60–180 mg to reduce trou-
blesome respiratory secretions.
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Section XI
Future Developments and Directions for Research in
Thyroid Cancer



In comparison to many epithelial cancers,
thyroid cancer therapy has long been rationally
based on the specific characteristics of thyroid
cancer cells; in particular, the retained expres-
sion and function of thyroid-specific proteins,
such as the thyrotropin receptor (TSHR) and
the Na, I symporter (NIS), that have created
targets for therapies. Indeed, the use of TSH
suppressive doses of levothyroxine (L-T4) and
radioiodine, in combination with surgery, has
resulted in long-term survival rates for patients
with localized thyroid cancers that approach
98% at 20 years [1–4]. However, some thyroid
cancers lose expression and/or function of these
two critical proteins, a feature that leads to poor
responses to traditional therapies and a high
incidence of cancer-related death. Alternative
therapies, including cytotoxic chemotherapeu-
tic agents, have yielded disappointing results
with high morbidities. There has therefore been
an effort to devise targeted therapies for aggres-
sive thyroid cancers in a manner analogous to
iodine-131 and TSH suppression therapy for
typical thyroid cancers. Targeting therapy for
these tumors requires identification of the path-
ways of tumor progression, and the mechanisms
responsible for the loss of TSHR and NIS
expression [5]. In this chapter, the emerging
therapies based on defined molecular targets in
progressive thyroid cancers will be discussed.
Table 33.1 lists the main targets of thyroid
cancer therapies.

Cell Signaling Inhibition

Over the past two decades, enormous gains 
have been made in our understanding of the
genetic pathogenesis of thyroid cancers. The
specific genetic alterations responsible for 
more than 50% of thyroid cancers have now
been identified (Table 33.2). Overexpression or
oncogenic rearrangements in tyrosine kinase
receptors [6–8], activating mutations of down-
stream serine-threonine kinases, including 
RAS [9,10] and BRAF [11–17], and loss of tumor
suppressor expression [18–20] resulting in
pathway activation all have been identified.
Several of these genetic abnormalities are
specific for thyroid cancer (e.g. RET/PTC
rearrangements), while others are common to 
a number of other malignancies (e.g. RAS,
BRAF, and PTEN mutants). The identification 
of these specific abnormalities has created the
opportunity to target therapies for more ag
gressive thyroid cancers in a manner anal-
ogous to the use of levothyroxine suppres-
sion and radioactive iodine for earlier stage
tumors.

Several approaches have been taken to devise
targeted therapies against receptor tyrosine
kinases. Among the most successful has been
inhibition of BCR/ABL and C-KIT in chronic
myelogenous leukemia and gastrointestinal
stromal tumors using STI-571 [21–23]. The
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success of this tumor-targeted therapy has led
to the development of a number of tyrosine
kinase inhibitors, each with their unique recep-
tor specificity. Some have demonstrated ability
to inhibit the function of RET, the tyrosine
kinase that is activated both in medullary

thyroid cancer and in many papillary thyroid
cancers [24,25]. In addition, other agents that
have activity against the family of vascular
endothelial growth factor (VEGF) or epidermal
growth factor (EGF) receptors are appropriate
agents to consider as therapy for thyroid
cancers.

Other approaches to inhibition of receptor
tyrosine kinase functions include the use of
antibodies that block ligand-induced receptor
activity, as has been utilized for rheumatologi-
cal disorders and some hematological malig-
nancies. This approach has been utilized to
block binding of VEGF to its receptors with pre-
clinical success in vitro and in vivo for thyroid
cancer [26,27].

Inhibition of downstream kinases, such as
BRAF, RAS and AKT, has also been utilized.
The use of small molecule inhibitors of these
kinases, agents that block the mechanism of
activation (e.g. farnesyl transferase inhibitors)
[28,29], and agents that destabilize the proteins
(heat shock protein binding agents) [30,31] are
all in clinical trials currently. One concern about
these inhibitors is the lack of cancer specificity.
In comparison to agents that inhibit specific
tyrosine kinase receptors, agents that block cell
signaling pathways are more likely to induce
non-tumor cell death. Surprisingly, several
agents in this family have demonstrated excel-
lent safety profiles in phase I studies, perhaps
related to mechanism of action, or the relative
degree of cancer cell pathway activation in com-
parison to normal cells.

Combination therapy using signaling inhi-
bitors and traditional cytotoxic chemotherapy,
or using inhibitors of several different pathways,
is now under evaluation for several different
types of cancer. For thyroid cancer, combina-
tions including these agents have been used suc-
cessfully in vitro and provide promise for future
clinical trials.

Table 33.1 Targets for thyroid cancer therapies

Tyrosine kinase receptor blockers
RET
CMET
IGF-1
VEGF
EGF

Signaling molecule inhibitors
BRAF
RAS
AKT
RAP1
PKC

Angiogenesis inhibitors
VEGF
Combretastatins
Thalidomide

Apoptosis sensitizers
TRAIL
BCL-2 inhibition
AKT inhibition
Gene therapy

Enhancing iodine uptake
Demethylating agents
Histone deacetylase inhibitors
Retinoids
Gene therapy

Enhanced chemotherapy effects
Drug resistance gene inhibitors
Combination therapy

Immunotherapy
Gene therapy
Tumor vaccines
BCG

Multimodality therapy including
Radiation therapy and I-131

Table 33.2 Common oncogenes in papillary (PTC) and follicular (FTC) thyroid cancer

Mutation/Rearrangement PTC FTC Other

RET/PTC1–3 Yes (20–30%) Rare Associated with radiation and invasion (RET/PTC3)
BRAF Yes (30–50%) Rare Tall cell variant
RAS Rare Yes (20–30%) N-RAS most common
PPARg/Pax8 Rare Yes (20%) Possibly more invasive
PTEN Rare Yes (10–15%) Cowden syndrome
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Antiangiogenesis Therapy
Cancer cells create a unique microenvironment
that allows the growing malignant cell popula-
tion to have access to nutrients and oxygen. Dis-
ruption of this microenvironment by targeting
neovascularization is a goal of some new forms
of therapy that have had success in vitro, in
animal models, and in several patients with
aggressive thyroid cancers. Perhaps the most
promising agents in this class of drugs include
VEGF receptor blockade (see above), combre-
tastatins, and thalidomide. Each of these agents
has a unique mechanism of action.

Of these targeted agents, combretastatin A4
phosphate appears to have the most promise 
in early clinical trials. Combretastatins are a
family of tubulin-binding proteins derived 
from the African willow that target vascular
endothelial cells and can also be cytotoxic to
cancer cells. Partial or complete responses 
were noted in three of six patients with thyroid
cancer, including one complete response in a
patient with anaplastic thyroid cancer [32,33].
This response has resulted in a phase II study
for patients with anaplastic thyroid cancer 
that is ongoing. The major toxicity of this 
agent is cardiac arrhythmia and ischemia; thus,
patients need to be cleared for use of this 
agent.

Thalidomide (Celgene, Warren, NJ), and
VEGF neutralizing antibodies, such as beva-
cizumab (Avastin, Genenetech, S. San Francisco,
CA) or receptor blockers, such as Semaxanib
(Sugen, S. San Francisco, CA) have shown
promise in early clinical trials or in animal
models of thyroid cancer [26,27]. The agents
may be particularly useful in highly vascular
cancers, such as anaplastic carcinoma, or those
with osseous metastasis.

Enhancement of 
Iodine Uptake
As thyroid cancer cells dedifferentiate, they fre-
quently display diminished iodine uptake or
retention. Over the past several years, the mech-
anisms for this effect have been better char-
acterized. The cloning of the gene encoding 

the Na, I symporter (NIS) has led to careful
determination of the regulation of NIS gene
expression, protein expression, and protein
localization. Indeed, abnormalities in NIS gene
and protein expression, and protein localization
have been identified in thyroid cancers [34–36].
Reduced NIS expression, as reported by a
number of investigators, appears to be an 
epigenetic event due to hypermethylation of
the NIS promoter [37,38]. There has been
significant interest in devising therapies to
increase expression of endogenous NIS to
enhance iodine uptake and, thus, the cytotoxic
effect of radioiodine therapy.

In vitro, treatment of thyroid cancer cell lines
with demethylating agents or histone deacety-
lase inhibitors, such as 5-azacytidine and dep-
sipeptide, respectively, can enhance expression
of NIS, induce iodine uptake, and induce apop-
tosis [37,38]. 5-Azacytidine is being used as a
parent compound for other agents due to its
rapid induction of resistance. Depsipeptide is in
clinical trials as a therapy for thyroid cancer and
neuroendocrine tumors, albeit not in combina-
tion with I-131 therapy.

Retinoid receptor agonists have also been
used to enhance iodine uptake in thyroid
cancers that do not respond to radioiodine.
While there were promising results in vitro,
and in initial studies [39,40], the use of more
generalized retinoic acid receptor agonists
appears to be limited [41]. However, studies
using specific agonists of subtypes or retinoic
acid receptors may hold promise and are
ongoing [42].

A third approach to enhance iodine uptake is
to utilize gene therapy to induce expression of
an exogenous NIS gene to high levels in thyroid
cancer cells. In vitro, gene therapy approaches
are quite effective using viral vectors. Even in
vitro, however, cancer cells demonstrate variable
expression of receptors that are important pro-
teins for cellular transport of viruses. In vivo
experiments using gene therapy approaches by
direct injection of the virus into tumors have
been successful [43,44]. Systemic therapy has
been more problematic due to a high hepatic
first-pass effect and an immune response
against the virus. Research using nonviral gene
transporters is ongoing by several groups and
holds promise for less antigenic delivery
methods for future therapy.
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Targeted Cytotoxic Agents
Many of the families of agents described earlier
also induce cell death, either by inducing apop-
tosis (programmed cell death) or inhibition 
of anti-apoptotic pathways, or by causing cell
necrosis. Several additional families of com-
pounds have been targeted against cell survival
pathways. These include activation of the TNF-
related apoptosis-inducing ligand (TRAIL)
receptor using recombinant TRAIL, inhibition
of anti-apoptotic signaling molecules [45–47],
such as BCL-2, using antisense RNA compound
(e.g. olbermersen sodium, Genasense, Genta,
Berkeley Heights, NJ) [48], or by reducing 
stability of anti-apoptotic and growth-inducing
proteins by blocking heat shock protein 
90 chaperone function (e.g. Geldanamycin)
[30,31]. Therapy directed against pro-apoptotic
receptors, such as FAS, has proven ineffective 
for thyroid cancer due to a high degree of resist-
ance caused by the expression of labile protein
inhibitors. However, inhibition of downstream
anti-apoptotic pathways appears to show more
promise as a clinical therapy.

Finally, gene therapy using vectors that 
carry cytotoxic genes (“suicide gene therapy”)
has been utilized to treat thyroid cancer cells in
vitro, and, by direct tumor injection, in vivo. The
best reported method is to induce thyroid
cancer cell expression of thymidine kinase,
which will uniquely sensitize the cells to treat-
ment with the antiviral drug ganciclovir [49].
This approach has been used in xenografts as
independent therapy, and also in sensitizing the
cells to the effects of external irradiation. Gene
therapy approaches that combine cytotoxic
genes with immunomodulators have also been
reported [50–52]. Tumor vaccines offer another
immunotherapy model. This group of agents
targeted against cell survival therefore represent
an attractive option to sensitize cells to the
effects of radiation and/or chemotherapy.

Other Emerging Therapies for
Thyroid Cancer
Another approach for new therapies for thyroid
cancer and other malignancies is to target the
mechanisms by which cancer cells develop

resistance to chemotherapeutic agents. For
example, multiple drug resistance genes (MDR)
result in resistance to a number of chemother-
apy agents, such as those with documented
activity for some patients with anaplastic
thyroid cancer, including taxanes and 
doxorubicin [53–57].

Immunotherapy remains a major area of
interest for thyroid cancer, and for a number of
other malignancies [58,59]. The use of tumor
vaccines with or without agents to enhance
immune responses, or to induce thyroiditis in
patients on chemotherapy using interferons,
are avenues of potential treatment for thyroid
cancer in the future.

Chemoprevention is another alternative for
thyroid cancer that remains relatively unex-
plored other than the use of iodide after 
accidental exposure to iodine isotopes. Chemo-
preventive strategies could include adminis-
tration of apoptotic-promoting agents after
radiation exposure, to induce cell death and
subsequent hypothyroidism. Or low doses of
other agents that are shown to be radiation 
sensitizers. Finally, cyclooxygenase-2 inhibitors
have been utilized as chemopreventive agents
for malignancies such as colon cancer with high
levels of cyclooxygenase-2 activity. Thyroid
cancers also have been shown to have high levels
of cyclooxygenase-2 expression and activity
[60–63].

Multimodality Therapies
Based on experience with chemotherapy agents
and radiation therapy, it is likely that single
agent therapy may not be effective for all
patients with thyroid cancers that do not
respond to usual therapeutic measures. Thus,
combination therapy using agents targeted
against several different pathways may be
needed to ultimately treat patients with these
aggressive tumors. In addition, these agents 
may be most useful in combination with
radioiodine therapy, radiation therapy, and/or
traditional forms of chemotherapy, to have
greatest impact on patient survival. The impor-
tance and current role of clinical trials for these
patients cannot be overstated if the survival of
patients with these aggressive cancers is to be
enhanced.
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In 1999, I was asked to speak at the 72nd annual
meeting of the American Thyroid Association
on the selected topic of “Multicenter Clinical
Trials in Thyroid Cancer.” The assigned task was
to summarize the state of the field and identify
both the challenges to and opportunities for
advancement of improved clinical care and out-
comes for our patients. Surveying the medical
literature of the last quarter of the 20th century
in preparation for that lecture led to certain
obvious yet unsatisfying conclusions about the
state of affairs in 1999:

• No data existed from randomized con-
trolled trials testing any of the primary
treatments commonly used for thyroid
carcinoma (surgery, radioiodine, and
thyroid hormone suppression for differen-
tiated carcinoma; surgery for medullary
carcinoma; and chemotherapy and exter-
nal beam radiation with or without
surgery for anaplastic carcinoma).

• The few prospective clinical trials of thera-
pies that had been performed for advanced
or metastatic disease were generally un-
successful in demonstrating treatment
benefits,but these studies often were closed
long before sufficient numbers of patients
were enrolled to allow adequate statistical
power to reject a false-negative conclusion.

• Pharmaceutical companies, with rare ex-
ception, had not developed or supported
clinical trials to address new therapies for
thyroid carcinoma.

• An apparent dearth of federal and other
peer-reviewed funding opportunities and
a common perception of bias against 
clinical investigators in academic career
progression [1] often discouraged young
physicians from pursuing a career path
emphasizing clinical trials for thyroid 
carcinoma.

How did this quandary evolve? Five years
hence, how has the landscape changed? And
what scientific and organizational strategies
should be pursued now and in the future to
achieve the ultimate goal of eliminating mor-
bidity and mortality from thyroid carcinoma?

From Whence We Came:
1975–1999
The formal clinical trial to test a therapy for
cancer emerged in the mid 1950s when C.
Gordon Zubrod, as Director of the National
Cancer Institute, championed the need for
prospective rather than retrospective study
design [2]. He introduced application of the
scientific method and statistical hypothesis
testing to clinical oncology studies. Joining
Zubrod in these early efforts were young oncol-
ogists such as Emil Frei III and Emil Freireich,
and over a 15-year period they used these
methods to identify curative regimens for child-
hood acute leukemias [3]. Oncologists were
emboldened by these early gains, and attempted
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to re-create this experience with many of the
common solid tumors. With recognition of the
need for large numbers of patients to partici-
pate in pivotal trials, regional cooperative oncol-
ogy groups were established throughout the
United States, merging investigators from mul-
tiple institutions with expertise in clinical trials
design, biostatistics, drug development, and
patient care. During the next two decades, these
groups developed and implemented multiple
studies that demonstrated benefit from many of
the now-standard chemotherapeutic agents for
malignancies such as lymphoma, testicular car-
cinoma, and breast carcinoma.

From this background, cancer researchers
hypothesized that some of these new cytotoxic
drugs being tested in various malignancies
might also benefit patients with advanced
thyroid carcinomas. Beginning in the 1970s,
trials were performed of single agents as well 
as multidrug combinations, with suggestions
appearing that doxorubicin as well as bleomycin
had significant activity against differentiated
and medullary carcinomas. However, by review-
ing the outcomes reported of 26 single agents
and 17 combination therapies, it was soon real-
ized that poor accrual was leading to disap-
pointingly inadequate evaluations of treatment
efficacy, and physicians were urged to consider
increasing participation in such studies [4].
Attempts to reproduce the success of the co-
operative groups with other malignancies by
both the Eastern Cooperative Oncology Group
(ECOG) and Southeastern Cancer Study Group
(SCSG) led to multicenter trials to evaluate the
combination of doxorubicin and cisplatin.
Whereas the phase II SCSG study concluded
that the combination had little efficacy, the
larger randomized phase III ECOG study sug-
gested that complete response could be seen in
12% after treatment with both drugs; neverthe-
less, the SCSG study closed having recruited
only 22 of the needed 30 patients, and the ECOG
protocol closed after entering only 92 of the 182
needed [5,6]. Two other NCI-sponsored phase
III trials were initiated, one through Roswell
Park Cancer Institute testing the combination of
vincristine, doxorubicin, and methotrexate in
comparison with doxorubicin alone, and one
intramural study of low dose doxorubicin to
augment the effectiveness of radioiodine treat-
ment, but neither achieved full enrollment and
results were not published. Unfortunately, this

experience represented more the norm than the
exception: of 15 clinical trials focused specifi-
cally on thyroid carcinomas that were listed
through the National Cancer Institute as having
been initiated between 1975 and 1999, only five
led to published results [7]. This poor experi-
ence, both in terms of patient’s response rates
and completion of clinical trials, resulted in the
widely accepted conclusion that “conventional
chemotherapy has prove[n] to be ineffective for
most patients with progressive metastases from
thyroid cancer” [8].

Multiple factors can probably be identified
that led to these unsatisfying outcomes. From a
biological standpoint, most of the tested thera-
pies were compounds that attacked dividing
cells; the more rapid the cell cycle, the more
cytotoxic the drug. Thyroid tumors, on the
other hand, are typically slowly growing relative
to many other solid tumors, and therefore
thyroid cancers would not be expected to
respond very significantly. However, a relatively
narrow therapeutic index for anthracyclines
(e.g. doxorubicin), alkylating agents (e.g.
cisplatin), and antitumor antibiotics (e.g.
bleomycin) led to marked side effects at doses
necessary for even marginal effectiveness. Inad-
equate recruitment may therefore have been
secondary to the emerging reality that these
chemotherapies were relatively ineffective.
From a trial design standpoint, many of the
studies combined all of the major histologies of
thyroid carcinoma in one group for analysis
purposes, thus introducing considerable biolog-
ical heterogeneity that may have obscured
potential activity against one particular subtype
of the disease. Finally, the limited participation
in these trials by endocrinologists as investi-
gators may have restricted awareness among
potential referring physicians and patients, thus
leading to the mistaken impression that such
trials were in fact not available.

Where We Are Now:
2000–2004
By 1999, a phase I trial of a novel therapy for
chronic myelogenous leukemia had been
started. Imatinib mesylate (Gleevec, Novartis
Oncology) was developed specifically as an
inhibitor of the protein tyrosine kinase patho-
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physiologically linked with the leukemia, the
Bcr-Abl oncoprotein [9]. The demonstration
that targeting a specific abnormally expressed
or activated molecular pathway could lead to
successful therapy ushered in a new era in
medical oncology, further enhanced by approval
of other targeted tyrosine kinase inhibitors such
as gefitinib (Iressa, AstraZeneca) against the
epidermal growth factor receptor in non-small
cell lung cancer, and bevacizumab (Avastin,
Genentech) against the vascular epithelial
growth factor receptor in colorectal carcinoma.
Other “targeted therapies” similarly developed
include drugs that promote apoptosis or inhibit
cell cycle progression in malignant cells that
have otherwise escaped normal regulation of
such processes, and therapies to inhibit or
reverse the epigenetic modifications associated
with loss of differentiated phenotype in cancers.

Investigators have recognized that these same
pathways of disordered intracellular signaling,
promoter dysfunction, cell cycle dysregulation,
and altered control of apoptosis are associated
with development, maintenance, and progres-
sion of the malignant phenotype in thyroid car-
cinomas (for reviews, see references 8, 10–12).
During the past 5 years, numerous clinical trials
have been initiated by endocrinologists working
in collaboration with oncologists, utilizing novel
therapies targeted against these pathways to try
to halt progression or induce regression of
advanced thyroid carcinomas. Many of these
trials have been based upon preclinical studies
that have demonstrated drug activity against
animal models of human thyroid cancers,
although in many other malignancies such
animal models have been imperfect in predict-
ing human clinical response. Other agents have
entered clinical trial based upon mechanisms of
action that can be reasonably suspected to work
in thyroid cancer, even in the absence of
specifically demonstrated activity in preclinical
models. Examples of such targeted phase II drug
studies include:

• ZD6474 (AstraZeneca), an inhibitor of
multiple tyrosine kinases including the 
ret oncoprotein, VEGF receptor, and EGF
receptor, being tested in hereditary
medullary carcinoma;

• decitabine, a DNA methyltransferase
inhibitor, being tested in radioiodine-
unresponsive differentiated carcinoma;

• imatinib being tested in anaplastic 
carcinoma;

• multiple single drugs, including gefitinib,
bortezomib (Velcade, Millennium Phar-
maceuticals), celecoxib (Celebrex, Pfizer),
and sorafenib (Bayer), being tested in
advanced differentiated carcinoma.

As of this writing, more than 15 phase II trials
have been initiated during this 5-year period,
more than tripling the rate of new study initia-
tion of the previous time period. In contrast,
however, none of these trials have been organ-
ized within the NCI-supported cooperative
oncology groups. Instead, studies are being per-
formed either as single institution protocols 
or as ad hoc groups. Bypassing the organized
groups may provide greater flexibility to involve
those institutions and investigators most likely
to contribute to successful recruitment and
completion of a study. However, the established
expertise within the cooperative groups in trial
oversight, protocol auditing, and centralized
data accumulation is also lacking within such 
ad hoc arrangements. Similar to the earlier 
era, some of these current studies combine 
biologically dissimilar histologies without
stratification in recruitment or analysis, intro-
ducing potentially significant heterogeneity that
can confound results. And although most of the
trials now involve or are led by endocrinolo-
gists, awareness of these studies remains limited
in the absence of a complete centralized listing
of open trials in thyroid cancer readily accessi-
ble to patients and the physicians who are most
likely to be caring for them; even the NCI
website, when searched for active clinical trials
for thyroid cancer, fails to mention several of the
known ongoing trials.

Where Shall We Go in 
the Future?
The age-adjusted incidence of thyroid cancer in
the United States is increasing by 3% per year,
and the disease is the most rapidly increasing
malignancy diagnosed in women during the
past 10 years. At our institution, more than 20%
of the patients seen last year on referral for
management of thyroid carcinoma had distant
metastases. Yet, there remains no treatment for
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progressive disseminated metastatic disease
proven to be more effective than the cytotoxic
chemotherapies introduced decades ago,
despite the promise of the ongoing clinical trials
described previously.

Given this current reality, a concerted effort
is necessary to enhance the approach to clinical
investigation for advanced thyroid carcinomas,
an effort that will require participation among
clinicians, clinical researchers, translational sci-
entists, research policy-makers, pharmaceutical
companies, and thyroid cancer patient advocacy
groups. Improved patient outcomes may require
a combination of advances both in the knowl-
edge of thyroid cancer biology as well as the
administrative systems used to organize clinical
trials. Learning from the experiences of clinical
investigation in thyroid cancer for the past three
decades, some of the necessary advances may
include the following:

• An improved understanding of the molec-
ular derangements contributing to thyroid
cancer progression is necessary, including
identification of the complex interactions
among various signaling and regulatory
pathways. Therapies could then be more
rationally combined to provide synergistic
benefit and reduce the risk of drug re-
sistance mediated by bypassing a drug-
induced blockade or inhibition. Improved
pre-clinical identification of disease 
mechanisms and effective treatments may
require development of superior animal
models of disease, emphasizing the inter-
actions between tumor cells and their
microenvironment [13].

• The significance of disease mechanisms
needs to be individualized, allowing the
application of therapies targeted against a
particular molecular pathway. Further, the
illuminating example of selective sensitiv-
ity to gefitinib in lung tumors bearing 
activating mutations in the EGF receptor
demonstrates the value of applying treat-
ments individualized to the particular
derangements active in a given patient’s
malignancy [14].

• Given the relatively poor predictive value
of current disease description and stag-
ing systems in thyroid carcinoma [15],
improved molecular profiling should allow
creation of appropriately homogeneous

cohorts for prognostication as well as
recruitment for clinical trials. Resources
should be devoted to expanded collection
of well-characterized tissue specimens to
be used for genomic analysis and bio-
marker discovery.

• Building upon preclinical animal models,
clinical trials should include molecular-
genetic imaging modalities that can
permit identification of appropriate pati-
ents for particular therapies, early assess-
ment of biological response to treatment,
and recognition of better correlates that
predict long-term patient outcomes [16].

• Clinical trials must be optimized to
enhance patient recruitment and to
increase the likelihood that each study will
maximally contribute to improved patient
care. Although this principle should apply
to all clinical research, it is particularly rel-
evant for uncommon or rare diseases such
as advanced thyroid cancer. Initiatives that
may contribute to this goal include:
– Creation of clinical trials consortia 

dedicated to thyroid cancer, involving
endocrinologists, surgeons, oncologists,
radiation specialists, imaging experts,
pathologists, biostatisticians, and labo-
ratory scientists. Particularly for trials 
of rarer diseases such as anaplastic 
carcinoma or for large phase III studies,
international cooperation will be 
imperative.

– Joint efforts by patient advocacy organ-
izations such as ThyCa and professional
societies such as the American Thyroid
Association can contribute to patient
referral for trial participation and to
financial support for novel research
undertakings. By broadening the
sources of patient referral, participa-
tion by traditionally underrepresented
minorities can be emphasized, ensuring
adequate subgroup involvement so that
results can be properly extrapolated to
all relevant populations.

– Phase I studies should be developed that
specifically target the tumor types most
likely to respond, thus creating opportu-
nities for thyroid cancer patients to par-
ticipate in the earliest human trials of
new drugs. By including thyroid cancer
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patients in such studies, it will be more
likely that phase II studies will subse-
quently be developed for thyroid cancer,
based upon the occasional clinical
response seen in the phase I trial; the
current industry-sponsored phase II
studies of the angiogenesis inhibitors
AG-013736 and combretastatin A4 phos-
phate were developed on the basis of
responders in the corresponding phase I
studies.

– Clinical trials must be designed to max-
imize the likelihood of identifying ef-
fective treatments and minimize the
numbers of patients exposed to ineffec-
tive ones. Smarter, more efficient phase
II trial designs can be employed, utiliz-
ing randomized treatment assignment
among multiple possible interventions
and application of Bayesian analytical
methods to continuous monitoring of
multiple outcomes [17]. For a disease
like papillary thyroid carcinoma, in
which patients may be asymptomatic
from widely metastatic disease, studies
should emphasize assessment of quality
of life as a key outcome measure along
with tumor reduction.

– Advanced bioinformatics systems will
be required, capable of standardizing
and automating clinical trial data acqui-
sition as well as integrating clinical
parameters with complex data from
genomic and proteomic analyses.

• New post-fellowship training programs
should be developed to develop oncologi-
cal endocrinologists educated in the 
application of oncological therapies to
endocrine cancers. Clinical instruction
should emphasize multidisciplinary care,
and incorporation of high quality research
training can lead to successful application
for NIH funding to support this novel edu-
cational effort.

• Academic endocrine and oncology pro-
grams must provide greater opportunities
for developing and promoting faculty
members expert in clinical trials research,
including more financial support for
research nursing and data management,
sufficient protected time particularly for
junior faculty, and identification of career

pathways that contribute to faculty secu-
rity and innovation.

The outcomes for most patients with thyroid
cancers have unfortunately not significantly
improved in decades (M. Maldonado and 
S. I. Sherman, Clinicopathologic staging for
medullary thyroid carcinoma, presented at the
72nd annual meeting of the American Thyroid
Association, 1999) [18]. Nonetheless, the dra-
matic transformation of clinical research for
these diseases during the past several years,
combined with inventive approaches to apply-
ing new biological discoveries in future clinical
trials, bring tremendous promise for improving
care and potentially eliminating morbidity and
mortality from thyroid cancer.
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differences in, 6
general practice diagnosis of,

85, 87
general practitioner and,

83–92
Graves’ disease and, 11
high probability of, 85
histology of, 7–8
historical incidence rates of,

3
historical mortality rates of,

4–7
historic trends for, 429–430
history of, 85
history taking for, 307
imaging features of, 362
initial diagnosis for, 307–310
initial therapy for, 14–17
investigations of, 86–88

ionizing radiation-induced
clinical characteristics of,
322

ionizing radiation-induced
epidemiology of, 321–322

ionizing radiation-induced
molecular pathogenesis of,
322–323

lithium pretreatment for, 17
long-term follow-up on, 22, 115
low probability of, 85
lymph node surgery for, 15
management of, 1–23
management plan outline for,

112
molecular markers of, 79
morphine intolerance and, 413
mortality rates of, 4, 5
MRI use in, 362–367
multimodality therapies for,

426
nausea/vomiting from, 418
non-drug therapies and, 415
non-oral analgesic routes for,

414–415
persistent pain and, 415–417
postoperative patients of, 338
prescribing morphine for,

412–413
psychological reactions to, 60
rare forms of, 393–400
symptoms of, 412

Thyroid cancer management
care studies patterns, 40–41
centralization of service in, 41
MDT in, 41–42
volume-outcome relationships

in, 41
Thyroid cancer (TC), pediatric

initial treatment for, 310–311
long-term management of,

311–314
radiation-induced clinical

management of, 324–325
Thyroid cancer therapies, targets

for, 424
Thyroidectomies

cancer mortality rates and, 141
cervical approach to, 158
completion, 142
CT scan of, 367
for DTC, 139
internist knowledge of, 142
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Thyroidectomies (cont.)
per resident, 123
preoperative assessment for,

142–143
primary, 143–144
revision, 144
standard, 157
total, 159

Thyroid exposure, reduction
approaches to, 324

Thyroid goiters, enlarged, 144
Thyroid hormone (TH), 303, 309
Thyroid hormone

replacement/calcium
imbalance,
physical/psychological
symptoms of, 62

Thyroid hormone suppression of
TSH (ThST), 1, 214, 237

Thyroid hormone suppression of
TSH (ThST) serum Tg
concentration, rhTSH-
stimulated serum and, 221

Thyroid hormone suppression
therapy (THST), 212, 214,
222, 238, 240, 303

thyroid cancer and, 309
Thyroid hormone therapy, 19–20
Thyroid hormone withdrawal

(THW), 1, 237, 238, 240
Thyroid incidentalomas,

management of, 78–79
Thyroid liposarcoma, 397
Thyroid lymph nodes, first

echelon of, 153
Thyroid lymphomas, 105,

393–394
Thyroid malignancy staging

M stage of, 338
N stage of, 338
organizational paradigm for,

39–42
with other syndromic

associations, 285–286
patient age and, 11
patient gender and, 11
patient history in, 12
patient informing for, 89
patient’s perspective of, 55–58
persistent diseased patients

with, 234
physical examination for, 12,

307

post 131I remnant ablation
follow-up on, 22

postoperative complication
management plans for, 112

pregnancy and, 91
prevalence of, 20–21
prognosis shaping features of, 7
prognostic factors and, 150
prognostic indexes and, 11–12
psychological aspects of, 67–69
radiation-induced, 321–325
radioactive iodine therapy for,

15
radionuclide imaging for, 309
recurrent disease and, 91
recurrent/metastatic

management plan for,
115–116

regional/distant recurrences of,
4

residual search for, 115
short-term follow-up on, 21
surgical therapy for, 14–15
survival rate of, 256
therapy delay in, 14
THST and, 309
thyroid remnant ablation for,

15
treatment algorithm for, 13
T stage of, 338
tumor recurrence in, 7
tumor size and, 9
tumor stage changes in, 7
UK evidence-based guidelines

for, 31–37
ultrasonography for, 12, 309

Thyroid nodules, 75–79
benign nodules and, 78
biochemistry/immunology of,

77
clinical features in, 76
differential diagnosis of, 307
epidemiology of, 75
FNA biopsy for, 77
follow up of, 78–79
initial assessment of, 76–77
malignant nodules and, 78
management of, 78–79
natural history of, 75–76
nondiagnostic cytology patient

management of, 78
pathogenesis of, 76
pathologies presenting as, 76

scintigraphy for, 77–78
service, 79
types of, 76
ultrasonography for, 77

Thyroid protection, from 131I, 329
Thyroid remnant ablation

long-term effects of, 16
for thyroid cancer, 15

Thyroid remnants
patients with, 234
radioiodine ablation evaluation

of, 231
Thyroid stimulating hormone

(TSH), 171, 194, 259
Thyroid-stimulating hormone

receptor gene (TSHR), 286,
423

Thyroid stimulating hormone
(TSH)-stimulated Tg testing,
219–221

metas-analysis of, 220
Thyroid stimulating hormone

(TSH) stimulation, 220
of radioactive iodine (131I)

uptake, 243–244
Thyroid stimulating hormone

(TSH) suppression, in UK
evidence-based guidelines,
35

Thyroid stimulating hormone
suppression (TSHS), 19–20,
139

DTC and, 176
serum Tg levels during,

240–241
Thyroid surgery

complications of, 165–168
cosmetic implications of, 165
further surgery/complications

of, 166
hemorrhage in, 166
hormone replacement therapy

after, 165–166
postoperative calcium changes

in, 166–167
postoperative voice change in,

167–168
Thyroid transcription factor-1

(TTF-1), 99
Thyroid tumors with cell

oxyphilia (TCO), 288
Thyroid ultrasonography, for

thyroid cancer, 12
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Thyrotropin (TSH), 1, 201, 237,
303

Thyrotropin suppression, 115
Thyroxine (T4), 303, 327
TK. See Tryosine kinase activity
201Tl thallium, 344
T/NTT. See Total/near-total

thyroidectomy
Total/near-total thyroidectomy

(T/NTT), 303, 314, 315
Tracheoesophageal invasion,

145–146
Triiodothyronine (T3), 165, 303,

327
Tryosine kinase activity (TK),

266
TSHR. See Thyroid stimulating

hormone receptor gene
TSH. See Thyroid stimulating

hormone; Thyrotropin
TTF-1. See Thyroid transcription

factor-1
Tumor/disease progression, 247
Tumor status, post initial therapy

classification of, 237–238

U
UIIC-AJCC TNM Classification of

Malignant Tumours, 154
UK evidence-based guidelines

131I therapy in, 34

audit in, 37
development of, 31–32
diagnosis/referral in, 33–34
FNAC in, 34
follow up in, 35–36
initial treatment of, 34
MDT in, 33
for MTC, 36–37
need for, 32–33
patient focus in, 33
progressive disease and, 36
recommendations of, 33–34
revision/update of, 37
subsequent management in,

35–36
surgery therapy in, 34, 35
for thyroid cancer, 31–37
TSH suppression in, 35

Ultrasound
key points of, 339
for PMCT, 378
for thyroid diagnosis, 335

Undifferentiated carcinomas, 97
Upper jugular group, of lymph

node system, 151
Utility incision, lateral, 158

V
Vascular endothelial growth

factor (VEGF), 273, 303, 305,
424, 425

VEGF. See Vascular endothelial
growth factor

Visceral group, of lymph node
system, 152

Voice change, in postoperative
thyroid surgery, 167–168

Volume-outcome relationships, in
thyroid cancer management,
41

W
Waldeyer’s external ring, 150
WBS. See Whole-body scan
WDTC. See Well-differentiated

thyroid carcinoma
Well-differentiated thyroid

carcinoma (WDTC), 303,
304, 308, 314, 316

epidemiology of, 304–305
molecular pathogenesis of,

304–305
pediatric follow-up algorithm

for, 315
pediatric prognosis of, 316

Whole-body scan (WBS), 173,
204, 205, 303, 314, 315,
324

World Health Organization
(WHO), 131, 179, 329, 371,
393, 396

analgesic ladder of, 412
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