|.Ross McDougaII

Thyroid Cancer in
Clinical Practice

@ Springer




Thyroid Cancer in Clinical Practice




I. Ross McDougall

Thyroid Cancer in
Clinical Practice

@ Springer



1. Ross McDougall

Professor of Radiology and Medicine
Division of Nuclear Medicine

Stanford University Hospital and Clinics
Stanford, CA

USA

British Library Cataloguing in Publication Data

McDougall, I. Ross
Thyroid cancer in clinical practice
1. Thyroid gland—Cancer
L. Title
616.9'9444

ISBN-13: 9781846285448
Library of Congress Control Number: 2006940320

ISBN-10: 1-84628-544-5 e-ISBN-10: 1-84628-748-0
ISBN-13: 978-1-84628-544-8 e-ISBN-13: 978-1-84628-748-0

Printed on acid-free paper.
© Springer-Verlag London Limited 2007

Apart from any fair dealing for the purposes of research or private study, or criticism
or review, as permitted under the Copyright, Designs and Patents Act 1988, this publica-
tion may only be reproduced, stored or transmitted, in any form or by any means, with
the prior permission in writing of the publishers, or in the case of reprographic repro-
duction in accordance with the terms of licences issued by the Copyright Licensing
Agency. Enquiries concerning reproduction outside those terms should be sent to the
publishers.

The use of registered names, trademarks, etc. in this publication does not imply, even
in the absence of a specific statement, that such names are exempt from the relevant
laws and regulations and therefore free for general use.

Product liability: The publisher can give no guarantee for information about drug dosage
and application thereof contained in this book. In every individual case the respective
user must check its accuracy by consulting other pharmaceutical literature.

987654321

Springer Science+Business Media
springer.com



To the future generation of McDougalls
—Hudson, Logan, and Islay



Preface

The number of patients diagnosed with thyroid cancer is increasing dramati-
cally in the United States, and there are more than 30,000 new cases annually.
About 5% of adults have a thyroid nodule that can be felt and between 30%
and 50% have one or more nodules that can be identified by ultrasound.
Thyroid Cancer in Clinical Practice covers all aspects of the diagnosis and
treatment of thyroid cancer. The author has spent more than 35 years in
Nuclear Medicine and Thyroidology in the clinical care of patients with thyroid
nodules and or thyroid cancer. He has published 150 peer-reviewed articles
and more than 100 reviews and book chapters, the majority devoted to these
topics. The text includes evaluation of a patient with a thyroid nodule. The
fundamentals of thyroid pathology are presented. The management of thyroid
cancer in adults, children, and pregnant women is covered separately. There
is discussion of whole-body scintigraphy with '*’I, treatment by surgery and
11, and the role of thyroglobulin measurements. The importance of long-term
follow-up using clinical examination, scintigraphy, ultrasound, and serum
thyroglobulin measurements is presented. There are separate chapters devoted
to anaplastic cancer, medullary cancer, lymphoma of the thyroid, and metas-
tases to the thyroid. The pocket-sized book provides an easily accessible source
of information and advice to help practitioners manage patients and to under-
stand when to refer for consultations. The book supplements existing large
texts. Despite its pocket size, the text includes images and up-to-date proce-
dures such as fused positron emission tomography/computed tomography
images. There are more than 450 scientific citations from journals. The book
should be a convenient reference for practitioners and trainees in endocrinol-
ogy, nuclear medicine, oncology, surgery, including otolaryngology, radiation,
and medical oncology. Medical students, nurse practitioners, and patients with
a thyroid nodule or thyroid cancer should find this to be a substantial
resource.

1. Ross McDougall
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1. Epidemiology and Etiology of Thyroid
Nodules and Thyroid Cancers

Thyroid nodules are very common but thyroid cancers are not. The data that
follow relate predominantly to the United States (US). Between 5% to 7% of
adults have a clinically detectable nodule in the thyroid and 30% to 50% of
adults have one or more nodules in the thyroid when the gland is examined
by ultrasound. Therefore, in the adult population, approximately 10" and 10°
have thyroid nodules that are palpable, or ultrasonically visible. In contrast,
there are approximately 30,000 new cases of thyroid cancer annually in the
US.! Physicians should have an algorithm for management of nodules to iden-
tify the small proportion that are malignant from the very large proportion
that are benign (Chapter 4). Thyroid nodules are more common in women
and in regions of low intake of iodine. External radiation increases the inci-
dence. There are families in which there is an increased incidence of clinically
palpable nodules and some of these are part of syndromes such as Cowden’s
syndrome. There are also familial aggregations of medullary thyroid cancer
and occasionally papillary cancer.

Epidemiology of Thyroid Cancer

Approximately 1.1% of all cancers arise from the thyroid and 1.7% of
cancers in women compared with 0.5% in men are primary thyroid cancers.
Thus, thyroid cancer is about three times more common in women. This
gender difference is found in almost all countries. One exception to the gender
difference occurs in prepubertal children, in whom the incidence in boys and
girls is about equivalent. The average age of the patient with differentiated
thyroid cancer is 35-40 years. The peak incidence at about 40 years is different
from most malignancies that are more prevalent with advancing age. Hispanic
men are the exception to the relatively young median age and their highest
incidence is more than 70 years and the frequency is 9.2 per 100,000. Other
significant differences among ethnic groups are discussed below. Figure 1.1
shows the overall number of cases and deaths in the US from 1970 to 2006.
Reasons for the increasing incidence include a true increase that might in part
be caused by radioactive fallout from atomic bomb testing and from medical
radiation. Alternatively, physicians might be identifying small cancers that
would have been overlooked in earlier decades and the almost stable death
rate supports this point of view.” Small papillary cancer makes up almost all
of the increase in cases. The prognosis is good and 6% of patients die from the
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Thyroid cancer cases and deaths
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Figure 1.1. The graph shows increases in cases of thyroid cancer between 1976 and 2003 in
the US. The increases in mortality are less marked. (Adapted from McDougall IR. Management
of Thyroid Cancer and Related Nodular Disease. London: Springer-Verlag; 2006:2.)

cancer but the genders are more equally represented with about 850 women
and 650 men expected to die annually (43,000 die of road traffic accidents and
30,000 from gunshots in US annually!). Less than 0.5% of all cancer deaths are
from carcinomas of the thyroid. Because the large majority of patients who
are diagnosed with thyroid cancer have an excellent prognosis, there are
several hundred thousand people in the US who are living with a diagnosis of
thyroid cancer.

There are substantial differences in the prevalence of thyroid cancer among
ethnic groups. In women, the lowest incidence is 3.3 cancers per 100,000 in
African Americans. By comparison, women from Hawaii, Vietnam, and the
Philippines represent 9.1, 10.5, and 14.6 cases per 100,000. White and Hispanic
women have similar incidences of 6.5 and 6.2 cancers per 100,000. When age
is also considered, Filipino women between 55 and 69 years have an incidence
of 32.5 cancers per 100,000. Filipino men also have a higher incidence of
thyroid cancer with 4.1 per 100,000 compared with 1.4 per 100,000 for African
Americans. A multiethnic study in the San Francisco Bay area tried to answer
whether there were environmental differences, but no compelling factor was
identified.

The 5-year survival for white Americans over time has been 92% (1974-
1976), 94% (1980-1982), and 95% (1989-1995); in contrast, the outcomes for
African Americans were 88%, 94%, and 89%.

The incidence in the United Kingdom (UK) (1000 new cases annually) is
proportionately about one fifth of that of the US based on the respective popu-
lations. There are 2.3 thyroid cancers per 100,000 women and 0.9 per 100,000
men. Two hundred fifty (25%) die annually in the UK (25%) and the 5-year
survival for women and men is 75% and 64%.* The lower incidence and higher
mortality in the UK might be attributable to delayed diagnosis.
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Summary

Thyroid cancer is not common and there are significant differences in the
incidence based on ethnicity. It is not clear whether the increasing incidence
is attributable to diagnosis of earlier cases, or a true increase attributable to
environmental factors. The use of a staging system such as tumor, node,
metastasis (TNM; see Chapter 5) of every new case would allow this point to
be resolved. Within one country, the survival is also dependent on ethnicity.
The 5-year survival for white Americans was 95% for the period 1989-1995.
Over the same time, the outcome for African Americans was lower at 89%.

Etiology of Thyroid Nodules and Cancer

Radiation and genetics are two important causal factors. Radiation causes
mutations that can be carcinogenic. There are also familial thyroid cancers
that are associated with genetic abnormalities. This is best understood for
familial medullary cancer and multiple endocrine neoplasia (MEN 2) syn-
dromes. There is increasing evidence that some cancers of follicular cells are
also familial.

Varying doses of radiation to the thyroid have different effects, with inter-
mediate doses (10-1000rad or 0.1-10Gy) to tissues being carcinogenic and
high doses causing death of cells and hypothyroidism. For many years, the
majority of data supported that external radiations, predominantly X-rays,
were more likely to induce thyroid cancer. The increased incidence of thyroid
cancer in children who were exposed to internal radiation at the time of the
Chernobyl incident has altered this concept. Table 1.1 classifies radiation
under four main headings, medical, occupational, atomic bomb, and acciden-
tal and whether the radiation is external, internal, or a combination.

Terms and Definitions Related to Radiation,
Radiation Doses, and Exposure

To define the units of radiation, there are two systems of nomenclature in
common usage. This is confusing for patients and also for physicians. The
international system (Systeme International d’unites, SI units) is used exclu-
sively in Europe and the non-SI system, or standard system, is used predomi-
nantly in the US. There is an increased effort to use SI units universally and
in scientific reports. There are also two meanings of radiation dose. One deals
with the quantity of radiation absorbed by tissues and its potential damaging
effects. The second deals with the dose that is administered to a patient for a
specific procedure. Units used to describe absorbed radiation are discussed
first. Radiation is energy. The energy of radiation results in ionization of atoms
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Table 1.1. Potential situations that could result in exposure of humans to radiation and cause
radiation to the thyroid

Major

Medical Diagnostic
Diagnostic X-rays
(T scan
Nuclear medicine, thyroid scan
Therapeutic: external
Treatment of tinea capitis
Treatment of acne
Treatment of hemangioma
Treatment of Hodgkin's disease
Treatment of head and neck cancer
Total-body radiation
Therapeutic: internal
Treatment with ™|
Graves' disease
Toxic nodular goiter
Thyroid cancer

Occupational Medical
Radiology
Radiation oncology
Nuclear medicine
Nuclear power plant
Other

Atomic bomb War
Hiroshima and Nagasaki
Testing
Marshall Islands
Nevada

Accidental Three Mile Island
“Hanford”
Chernobyl

and that causes damage to cellular materials such as DNA and cell membranes.
Energy is usually measured in joules (J) (after James Prescott Joule, an English
scientist, 1818-1889). One joule is the energy required to lift 1kg to a height
of 10 cm. In SI units, when 1] of energy is delivered to 1 kg of tissue, it is defined
as 1 gray (1 Gy, in recognition of the radiobiologist Louis H. Gray). One gray
is equal to 100rad (radiation absorbed dose) in the non-SI system. These are
quantities of radiation absorbed by tissue. All types of radiation do not cause
the same amount of damage to tissues. Photons, including X-rays and gamma
(y) rays and beta particles (electrons, B) are equivalent. Neutrons and alpha
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(o) particles are considerably more damaging. This is because they have sub-
stantial mass. An o particle is a helium nucleus that has mass (2 protons and
2 neutrons) and also electric charge. Alpha particles released inside the body
travel very short distances and because of their mass and charge they are very
destructive to biologic molecules in their path. An o, particle emitted adjacent
to a chromosome causes many breaks in DNA. The breaks are in close pro-
ximity and are unlikely to be reparable. In contrast, a photon traversing DNA
might cause a single break that would be amenable to one of the many repair
mechanisms for DNA. Therefore, there are simple mathematical conversions
that allow the damaging ability of the radiation to be considered. These are
derived by multiplying the absorbed dose by a quality factor that depends on
the type of radiation. The quality, or weighting factor, for most radiologic and
nuclear medicine sources of radiation is 1, i.e., the quality factor is 1 for X-rays,
v rays, and electrons. The quality factor for neutrons is 10 (range 5-20) and
for o particles is 20.

To describe absorbed radiation in man, in SI nomenclature, the sievert
(Sv) is the basic unit and in the non-SI system it is the rem (roentgen-
equivalent-man). For photons and electrons, the Sv and Gy are equivalent and
they are equal to 100rem and 100rad, respectively, indicating that rem and
rad are also equivalent. In the case of particles with mass such as o particles,
1 Gy is equivalent to 20Sv, and for neutrons, 1Gy is equal to 10Sv. The dose
equivalent expressed in Sv or rem is a more accurate index of the biologic
effect of radiation.

Next, the units of administered radioactivity are described. That radiation
will result in the absorbed radiation to tissues was described previously. In the
SI system, the basic unit is the becquerel (Bq, named after Antoine H.
Becquerel). It is equal to a source of radioactivity that decays at a rate of 1
disintegration per second. In clinical practice, mega becquerel (MBq, 10°Bq)
or even giga becquerel (GBg, 10°Bq) are used. In the non-SI system, the basic
quantity of radioactivity is the curie (Ci, named after Madame Marie Curie).
One curie is a source of radioactivity that decays at a rate of 3.7 x 10" disinte-
grations per second. Clinically, quantities such as microcurie (LCi, one mil-
lionth of a curie) and millicurie (mCi, one thousandth of a curie) are used.
One millicurie is equal to 37 MBq and 1 MBq is equivalent to 27 pCi.

Radionuclides of lodine

7 is nonradioactive natural iodine. The best known radionuclides of
iodine are 'L, "I, '”I, and "'I. "'l is used to treat thyroid cancer and hyper-
thyroidism and for diagnostic whole-body scintigraphy in patients who have
thyroid cancer and have undergone thyroidectomy. '*I is a diagnostic agent
used for diagnostic imaging and '”I is widely used in biologic laboratories for
radioimmunoassays and for labeling proteins in vitro. '** is a positron emitter
that has value in imaging called positron emission tomography (PET scan-
ning). When "'l is used for whole-body scanning in patients with thyroid
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cancer, the quantity administered is 37-370 MBq (1-10mCi) and for therapy
1.1 to >7.4GBq (30 to >200mCi). The dose of ™I varies considerably from
7.4MBq (200Ci) for a routine thyroid scan to 37-185MBq (1-5mCi) for a
whole-body scan.

Radiation in Everyday Activities

We are exposed to radiation from common everyday events. In the US, the
average total radiation is approximately 3.6 mSv/y (360 mrem/y). This is made
up by cosmic radiation, radiation from radon, internal radiation from natural
radionuclides mostly “K, and medical sources including X-rays, computed
tomography (CT scanning), and nuclear medicine procedures. In the US, it
has been estimated that on average we receive 0.4mSv/y (40mrem/y) from
diagnostic radiologic sources and 0.15 mSv/y (15 mrem/y) from nuclear medi-
cine tests.

Medical Diagnostic Procedures from External Radiation

An X-ray delivers about 0.05-0.1 mSv (5-10 mrem) radiation. The dose to
the thyroid in adults undergoing a helical CT of the cervical spine is 26 mSv
(2.6rem).” It has been demonstrated that 0.06-0.1Sv (6-10rem) from external
radiation can cause an increase in thyroid cancer; therefore, physicians
should be concerned when diagnostic radiologic procedures, or repeated
diagnostic procedures, reach'this dose.*” This is most important in pediatric
patients.

Medical Diagnostic Procedures from Internal Radiation

The thyroid receives radiation from diagnostic procedures using radionu-
clides of iodine and from *™Tc (pertechnetate). For routine diagnostic thyroid
scintigraphy, '?I, a pure y emitter is preferred. In a normal adult, 200uCi I
(7.4MBq) delivers approximately 2cGy (2rad) to a normal-size thyroid;
100uCi ™'T (3.7MBq) delivers approximately 1 Gy (100rad) because of its 3
and y emissions. A multicenter trial in the US evaluated thyroid nodules and
cancers arising in children who had a prior diagnostic procedure with *'I.
There were 5 cancers in the 3503 study patients and 1 cancer in 2594 control
patients.® A study of 34,104 patients who had ™' scans in Sweden showed 67
thyroid cancers when 49.7 were predicted.” The thyroids received an average
of 1.1Gy (110rad). The population included adults and children and when
patients younger than 20 years were analyzed there were 3 cancers versus 1.8
expected. The conclusion of these studies is there was no statistically signifi-
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cant increase in thyroid cancer in adults who had a thyroid scan with "I that
delivered on average 0.94Gy (94rad)."

Medical Therapeutic Procedures Using
External Radiation

The doses of external radiation used to treat patients with cancer is usually
in the range 40-60 Gy (4000-6000rad). In the past, physicians prescribed lower
doses of radiation to treat nonmalignant conditions. It was recognized that
low-dose external radiation increases the incidence of thyroid cancer. The
doses used were usually in the range of 1-10 Gy (100-1000rad).!' Maxon et al.”?
identified 16 cancers and 15 benign nodules from 1266 irradiated patients in
contrast to 1 cancer and 2 benign nodules from the 958 controls. Other studies
demonstrated that about 5%-10% of those exposed developed thyroid cancer.
Almost all thyroid cancers associated with external radiation are papillary. The
latent period between the external radiation treatment and identification of
the cancer usually falls within 5-20 years. In one report, cancer was found in
only 2 of 700 patients less than 5 years from radiation.’ Young age is important
and the risk decreased in patients 20 years of age or older at the time of expo-
sure to external radiation. Those 5 years or younger are at the highest risk and
women are about twice as likely to develop a radiation-related thyroid cancer.
The natural history of radiation-related thyroid cancer is the same as in spon-
taneously occurring cancer. Higher doses of external radiation administered
to treat nonthyroidal cancers cause hypothyroidism. There is also an increase
in Graves’ hyperthyroidism and Graves’ orbitopathy after external radiation.”
Probably the radiation alters thyroid antigens and the immune system pro-
duces antibodies some of which are thyroid-stimulating antibodies. Although
thyroid cancer rarely follows high-dose external radiation, we found approxi-
mately a 20-fold increase in thyroid cancer 10-20 years after the exposure.”
The high increase is attributable to the rarity of thyroid cancer in normal
people.

Very low therapeutic doses of external radiation are also of concern, for
example, treatment of tinea capitis (ringworm) of the scalp." The thyroid
received approximately 6-10cGy."* Compared were 10,834 exposed children
to 10,834 matched nonirradiated children and to 5392 siblings who were also
notirradiated.*'* There were 44 cancers in the treated group versus an expected
10.7.

Taking all the information related to external radiation, it has been calcu-
lated that there is an excess relative risk of 7.7 per Gy (100rad). The absolute
risk is 4-5 cancers per 10,000 (10*) per year per Gy. From the data available,
there is a linear effect from low doses of 0.06 Gy (6rad) to 5-10Gy (500-
1000rad). This relationship holds true until the administered dose reaches
25Gy or higher (2500 rad). At about this dose, the risk levels off but does not
reach zero and has been estimated to be 0.4 cancer 10* per gray per year." In
addition to the radiation dose, the age of the patient at the time of radiation
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is important. Most cancers arise after a latent period of 5 years and the inci-
dence decreases but does not disappear after 20 years. Women are at greater
risk.

Medical Therapeutic Procedures Using
Internal Radiation

P has been used for treatment of hyperthyroidism for 60 years. One of
the concerns about treating benign conditions with radiation is that there
would be an increase in cancers in the organ being irradiated. Ron et al.”
conducted a large follow-up study of 23,020 patients treated with °'I; 9028
received only radioiodine treatment and the remaining patients were also
treated with antithyroid medications (10,439), antithyroid medications and
surgery (2661), or surgery (892). The investigators found 29 patients died from
thyroid cancer when 10.47 deaths would have been expected [standardized
mortality ratio (SMR) 2.77; confidence interval (CI) 1.85-3.98]. The cancers
were more likely to be found in patients with nodular glands and to be found
within 4 years of "I treatment. Because of the short latency period and
increased number in patients with nodular glands, the small increase in thyroid
cancer after *'I treatment of thyrotoxicosis suggests the cancers were already
present at the time of I treatment.

Medical Occupational Exposure

I am aware of colleagues in nuclear medicine and radiologic specialties
who have had thyroid cancer but the denominator is unknown. Cancer mortal-
ity in radiologists who worked in the UK between 1897 and 1997 showed no
increase in specialists registered after 1954."® There was an increase in earlier
years but radiation safety precautions were less rigorous at that time. In a dif-
ferent study, cancer mortality was studied in 146,000 radiology technologists."”
There were 7 deaths from thyroid cancer, 6 in women, and this was the exact
number expected in the general population. In summary, the published data
show no increase in thyroid cancer deaths in medical personnel who work with
radiation.

Occupational Exposure in Nuclear Power Plant Workers

There was an almost threefold increase in thyroid cancer deaths (6 identi-
fied versus 2.2 expected) in 14,319 people who had worked at Sellafield nuclear
power plant.”” The numbers are small and could be attributable to chance.
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Other Occupational Exposures

The average radiation exposure in the US is 300-360 mrem (3-3.6 mSv).
The radiation increases at higher altitude and pilots and cabin crew receive an
addition 500-1000mrem (5-10mSv) annually. Therefore, a 20-year career
could result in exposure to 20 rem (0.2 Sv). A study of 28,000 male pilots identi-
fied 5 thyroid cancer deaths, which was more than the 3.6 expected, giving an
SMR of 1.48 but the 95% CI ranged from 0.47 to 3.48.”

War-Time Exposure to Atomic Bomb

There were two populations, both Japanese, that have been studied. They
were citizens of Hiroshima and Nagasaki in whom there was an increase in
thyroid cancer. One hundred twelve thyroid cancers (62 from Hiroshima) were
identified from 98,610 exposed residents. Prentice et al.”? conclude “A clear,
predominantly linear, increase in thyroid cancer incidence corresponds to
increasing levels of y radiation to the thyroid gland.”

Exposure from Atomic Bomb Testing

Testing of atomic bombs in the US was conducted in Nevada. It has been
estimated that the US population received 0.5 mGy (0.05rrad) of external radia-
tion from fallout.” Since radionuclides of iodine were released, the thyroid was
a key organ and it has also been estimated that the thyroid of a child born in
1951 received 30mGy (3rad). This resulted in a report from the National
Cancer Institute suggesting that this could result in 75,000 additional thyroid
cancers.” This is one explanation for the increasing incidence of thyroid
cancer in the US.

Accidental Exposure to Atomic Bomb

The US tested an atomic device in the region of the Bikini islands near
ground level. Two hundred thirty-five occupants of the Marshall Islands were
exposed to direct radiation (external) and internal radiation to the thyroid
plus exposure to ’Cs, *Sr, **’Po, and ?***Pu. These noniodine radionuclides
could cause both external and internal radiation. Ten thyroid cancers were
identified as well as 53 thyroid nodules.” Six of the 10 cancers occurred in
people who were 18 years of age or younger at the time of exposure. There
were 39 islanders in this age category, therefore 15.4% developed thyroid
cancer. In contrast, less than 2% of older people were identified with thyroid
cancer.
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Accidental Release of Radioactivity from Power Plants

In the US, the nuclear accident that is remembered best is Three Mile
Island that occurred on May 28, 1979. In fact, the maximum radiation expo-
sure to people in the surrounding region was only 0.1rem (1mSv) and the
average dose was 1mrem (1uSv). These are inconsequential. From 1954 to
1957, there were releases of substantial quantities of *'I from Hanford in South
Central Washington State into the Snake River, which is a tributary of the
Columbia River.”* Hanford was a production site for manufacturing atomic
weapons. Thus, it was not a “power” plant and the releases were not accidental.
The general conclusion was that no increased incidence of thyroid cancer was
measured. By contrast, the accident at Chernobyl on April 26, 1986 released
substantial amounts of radioactivity into the atmosphere and resulted in an
increase in thyroid cancer in children. It has been estimated that 1.8 x 10"*Bq
of P'I was released plus short-lived radionuclides of iodine. Chernobyl caused
a change in the understanding of radiation-induced thyroid cancer:” First,
internal radiation could be causal; second, although most of the patients who
developed thyroid cancer were young when exposed, older persons could also
be at risk; and third, the latent period between exposure and cancer could be
less than 5 years.”® The incidence of pediatric thyroid cancer in Belarus, an
adjacent territory, increased from 2 per year in 1986 to 6 cases in 1989 to 114
cases in 1992 Similarly, the incidence in Ukraine increased from 3 in
1986-1988 to 324 between the years 1990-1998.

Short-lived radionuclides of iodine contributed one-third radiation to
those who did not take prophylactic inorganic iodine and for half the thyroid
dose in those who took inorganic iodine. The paradoxic higher percentage is
attributed to the reduced absorbed radiation from I (half-life 8 days) which
was trapped in smaller quantities because of prophylactic inorganic iodine.

Almost all of the cancers were papillary. There is an increased incidence
of solid trabecular papillary cancer. Genetic analysis has demonstrated a con-
sistent pattern of mutation. Rearrangements of the RET has been identified in
60%-90% of papillary cancers in children exposed to fallout from Chernobyl.
This is a considerable increase over the findings in sporadic papillary cancer.
The genetics are described later in the chapter.

Prophylaxis for Radioactive Fallout

When radionuclides of iodine are released into the atmosphere, the thyroid
can be protected by ingesting an excess of nonradioactive iodine '7I. The
iodine dilutes the radioactive iodine and a smaller proportion of the radioac-
tive nuclide is trapped by the gland. The main requirement is to ingest the '*'1
before exposure to the radionuclides of iodine. This is usually not possible. A
130-mg potassium iodide (KI) pill is the most suitable preparation. There are
liquid preparations including Lugol’s iodine (1 mL, 30 drops, contains 130 mg
of iodine) and saturated solution of KI that are effective. The liquid is not so
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easy to store, it loses potency with time, and is more difficult to dispense. A
dose of iodine between 100 and 200mg reduces thyroidal uptake by 95%.
Because of recent concern about terrorists detonating an atomic, or dirty
bomb, there has been a run on the sale of KI pills. KI will not be useful for
protection against dirty bombs unless radioactive iodine was attached to the
explosive device.

Pregnant women are advised to take half of a 130-mg KI pill. The US
recommendation for 12- to 18-year-old adolescents is a half pill (65mg), but
because most of these individuals are adult size and they are at more risk
because of their youth, I would recommend the full dose.

It has been shown that taking the KI 96 hours before has no protective
effect. Similarly, taking the KI 16 hours or more after the radioactive iodine
has no beneficial effect. There is a short window of opportunity.

Genetic Mutations as a Cause of Thyroid Cancer

About one third of medullary cancers are familial and there are 3 pheno-
typic categories. 1) The affected family members have medullary cancer and
no associated conditions. 2) Patients with MEN 2A have medullary cancer and
about 50% develop pheochromocytoma and 20%-30% hyperparathyroidism.
3) Patients with MEN 2B have medullary cancer and pheochromocytoma in
about 50%. They also have ganglioneuromas of the lips, tongue, intestines,
abnormal nerves in the eyeball, plus a marphanoid appearance. A genetic
cause for MEN 2 syndromes was identified in 1987.”' Mutations in the RET
(rearranged during transfection) protooncogene as the cause of medullary
cancer were reported in 1993.” The RET protooncogene is a single transmem-
brane protein encoded by chromosome 10. The RET protein has a receptor on
the extracellular end of the molecule and protein kinase function at the intra-
cellular end. The extracellular segment adjacent to the cell membrane is rich
in cysteine molecules. The presence of a ligand results in fusion of 2 RET
receptor molecules and when a dimer is formed the enzyme tyrosine kinase is
activated.

Point mutations in the gene for RET are associated with the three syn-
dromes. The majority of mutations are on exons 10 (codons 609, 611, 618, and
620) and 11 (codon 630 and 634). The codon 634 mutation is present in the
majority of MEN 2A and familial medullary cancer patients. The mutations
are in the region of the chromosome that codes for the cysteine-rich segment
of RET.” A base alteration in one of these codons results in a cysteine molecule
being replaced by an alternative amino acid. The cysteine molecules within a
strand of RET form intramolecular disulfide bonds and the absence of one of
the pair allows disulfide bonding between RET molecules thus producing
dimers. Thus, the protein kinase enzyme is activated without the presence of
ligand. This is called constitutive activation. In MEN 2B, the point mutation
is usually in exon 16, codon 918 which results in methionine being replaced
by threonine. This mutation is in the tyrosine kinase segment and induces
phosphorylation of alternative substrates.
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The parafollicular cells with RET protooncogene mutations first develop
C cell hyperplasia and then become frankly cancerous. Curative treatment of
patients with one of these mutations requires total thyroidectomy before there
is clinically significant cancer. It is of interest that many of the sporadic (non-
familial) medullary cancers have similar mutations but they are restricted to
the thyroid cancer cells and are not transmissible.

In contrast, the genetic changes in the RET protooncogene in papillary
cancer are different. The active enzyme protein tyrosine kinase is intact but
the extracellular component that binds ligands is lost. That segment is replaced
by a fusion gene. These result in oncogenes called RET-PTC-1, RET-PTC-2,
RET-PTC-3, etc. The fusion genes contain segments with three-dimensional
configurations that produce dimers and when these are formed the tyrosine
kinase is activated without the presence of ligand. These mutations are only
found in the thyroid and have been identified in cancerous and benign nodules.
These are not hereditary. Sixty to ninety percent of the papillary thyroid
cancers in children who were exposed to radiation from Chernobyl have RET-
PTC oncogenes. RET-PTC-1 is frequently associated with “regular” papillary
cancer. RET-PTC-3 is strongly associated with solid trabecular papillary cancer
found in children exposed to radiation from Chernobyl.

P53 is an important tumor suppressor gene. Mutations and deletions of
this gene have been found in differentiated and anaplastic thyroid cancer.
There is increasing evidence that this mutation in addition to other initiators
could be the genetic defect that alters the phenotypes of thyroid cancers from
slow-growing differentiated cancer to the rapidly aggressive and invasive
behavior of anaplastic cancer. Recent reports identified point mutations in the
BRAF gene in 38% of papillary cancers and 83% of anaplastic lesions.*

Familial Nonmedullary Thyroid Cancer

There is increasing evidence that there are familial clusters of differenti-
ated thyroid cancer. This was first reported in 1951 and a few case reports
were published over the next 4 decades. It is possible that a genetic defect
might make family members more susceptible to radiation. One investigation
compared the probability of a second member of a family having thyroid
cancer with the risk in families with no evidence of an index case.” There was
a 10.6-fold increased risk of a second person having thyroid cancer in the
former population. A somewhat similar study in Norway found a fivefold
increased likelihood of cancer (men 5.2, women 4.9) compared with expected.®
There are reports of several families with three or more first-degree relatives
with papillary cancer and the chance of five family members with papillary
cancer has been estimated at 1 in 2 billion.”

There is a definite coexistence of differentiated thyroid cancer with heredi-
tary syndromes including familial adenomatous polyposis and the associated
Gardner’s syndrome and Cowden’s syndrome. One group of investigators who
have conducted extensive research in the field state, “familial nonmedullary
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thyroid cancer is an emerging clinical phenotype that is genetically heteroge-
neous, and none of the currently identified genes accounts for the majority of
families.”*

Multifocal lesions and recurrences are more common.* Current data
suggest that about 5% of papillary cancers are familial. This is similar to my
experience with 34 families out of more than 1000 patients (3.4%).

Chemicals as a Cause of Thyroid Cancer

In humans, there is little evidence that chemicals can cause cancer of the
thyroid. Goitrogens in doses sufficient to increase thyroid-stimulating hormone
can augment the carcinogenic effects of radiation. A metaanalysis concluded
there was a reduced risk of thyroid cancer in people who smoked.*

The Role of lodine in the Etiology of Thyroid Cancer

Follicular cancer is more common in regions deficient in iodine and papil-
lary cancer is less common. Laboratory animals fed a chronically iodine-
deficient diet develop benign follicular tumors and with time follicular
cancers.” Most studies show that follicular cancer is more common in areas
of chronic low iodine intake. In the majority of reports, the ratio of papillary
cancers increases in parallel with increasing dietary iodine. Lymphocytic thy-
roiditis is also more common in iodine-replete regions. Low iodine potentiates
the effect of known thyroid carcinogens.

Estrogen and Thyroid Cancer

All reports of differentiated thyroid cancer with meaningful numbers of
patients indicate that women are about 3 times more likely to be affected.
However, there are few data regarding female sex hormones as a cause of
thyroid cancer.

Geographic Factors

There are data from Sicily indicating an increased risk in regions near
volcanoes. This could be attributable to higher levels of radiation. It could
explain the higher risk in the Philippines and Hawaii, which are volcanic
islands.
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Summary and Key Facts

Most thyroid cancers are sporadic and no single cause can be identified.
A proportion of thyroid cancers are associated with radiation as an etiologic
factor and a proportion have a genetic link. The radiation is usually external
and there is a linear relationship from about 0.05-0.1Gy (50-100mGy or 5-
10rad) to 5-10 Gy (500-1000rad). There is an excess risk x7.7 per Gy. Children
exposed to internal radiation resulting from the accident at Chernobyl also
have a definite increase in the incidence of thyroid cancer. Genetic defects in
the RET protooncogene are the cause of 25%-30% of medullary cancers and
100% of the MEN 2A and 2B syndromes.
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2. Thyroid Anatomy and Physiology

Gross Anatomy

The thyroid weighs between 10-20g (volume of 10-20mL) and each lobe
is approximately 5cm long, 2.5 cm broad, and 1.5 cm deep (volume of one lobe
is obtained from 4/37 r’ = 10mL and the entire gland 2 X 10 = 20mL). The left
and right lobes of the thyroid lie on each side of the trachea and they are joined
by the isthmus lying anterior to the second to fourth tracheal cartilages. To
examine the thyroid, the physician should sit opposite the patient and inspect
the neck looking for enlargement of and nodules in the thyroid. I like to
palpate the gland standing behind a seated patient, using the first, second, and
third fingers of both hands. Alternatively, the gland can be examined with the
thumbs while sitting in front of the patient. The size, consistency, and fixation
of a nodule are documented. The movement of the gland during swallowing
helps define its borders, size, and the presence of a nodule. The location of
cervical lymph nodes should be examined routinely. Auscultation can identify
a bruit in Graves’ hyperthyroidism. An enlarged thyroid is called a goiter and
is common in countries where the intake of iodine is low. As the thyroid
enlarges, the inferior margin of the gland can move into the thoracic inlet.
Reduced pressure in the thorax caused by inspiration, along with gravity,
causes further migration that results in a sub- or retrosternal goiter.

Embryology

The thyroid originates at the base of the tongue (foramen cecum) and
migrates to the normal cervical position. The midline thyroid that produces
functioning thyroid fuses with tissues derived from the fourth and fifth bran-
chial clefts. These bring neuroendocrine cells from the ultimobranchial body
that form parafollicular cells (also called C cells). C cells produce and secrete
calcitonin. The route between the foramen cecum to the cervical position is
the thyroglossal tract. Benign cysts can form along the thyroglossal tract and
are common in children. The differential diagnosis is ectopic thyroid caused
by failure of migration of the thyroid. Ultrasound can differentiate a thyroglos-
sal cyst from solid ectopic thyroid and in addition define whether the normal
thyroid is present or absent. It is important to ensure that the ectopic tissue
is not a metastasis by pathologic examination of the tissues for histologic evi-
dence of malignancy. Rarely, cancer arises in sites of ectopic thyroid including
lingual thyroid. Thyroid cancer is rare in thyroglossal cysts in children and
only 17 cases have been reported in patients younger than 17 years.’
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Blood Supply of the Thyroid

The thyroid has a rich blood supply. The upper pole is supplied by the
superior thyroid artery, the first branch of the external carotid artery. The
posterior aspect of the gland is supplied by the inferior thyroid artery, a branch
of the thyrocervical trunk, from the first part of the subclavian artery. The
thyroidea ima artery arises from either the aorta or the innominate artery.
During thyroidectomy, careful attention to the tributaries of these vessels is
important, or a postoperative hematoma can occur.

Lymphatic Supply of the Thyroid

A rich lymphatic network drains to cervical nodes that follow the vascula-
ture. Those draining the upper part of the gland follow the superior thyroid
artery and feed into deep cervical nodes. Lymph channels from the middle of
the lateral lobes terminate in internal jugular, recurrent laryngeal, paratra-
cheal, and paraesophageal nodes. Inferiorly, there is drainage to pretracheal
and paratracheal nodes as well as inferolateral drainage to supraclavicular
nodes. These are predominantly levels II, III, IV, and VI. There is a delphian
node (named after the Oracle of Delphi) in the midline just above the isthmus.
Lymphatic metastases are common. Distant metastases occur by invasion into
veins within the thyroid.

Surgical Anatomy

The recurrent laryngeal nerves are branches of the vagus and are at risk
during thyroidectomy. They supply motor nerves of speech and sensation to
the glottic larynx. They have a variable relationship to the inferior thyroid
artery and a surgeon should have experience in the variations. Damage to a
nerve causes a deep pitch of and difficulty to project the voice. Hyperventila-
tion while speaking results in dizziness. Damage to both nerves resulting in
stridor is a medical emergency. The superior laryngeal nerve arising from the
vagus is sensory, supplying the supraglottic larynx. The external branch is the
motor nerve to the cricothyroid muscle. Damage to the external laryngeal
artery produces dysphonia. There are two superior and two inferior parathy-
roid glands. The inferior glands migrate further and have more chance of being
in ectopic sites. Parathyroids adjacent to the thyroid are most at risk of being
removed during thyroidectomy and loss of all four causes acute hypocalcemia,
tetany, and seizures. Temporary hypocalcemia is common after total thyroid-
ectomy. When all parathyroids are removed (usually inadvertently), one can
be autotransplanted. Horner’s syndrome from damage to the cervical sympa-
thetic nerve and weakness of the shoulder from damage to the spinal accessory
nerve are rare.
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Microscopic Structure of the Thyroid

Seventy percent of the thyroid consists of follicular cells and <1% is made
up of parafollicular cells (C cells) that secrete calcitonin. C cells are most
common at the junction of the upper one third and lower two third of the
lateral lobes. Cancers of the C cells are called medullary cancers. The thyroid
is largely made up of follicles that are functional, as well as, structural units.
A single layer of thyroid cells surrounds a gelatinous core containing colloid.
Thyroid cells (follicular cells) are cuboidal and the base of the cell abuts on
capillaries and lymphatics and the apex is adjacent to the colloid. The receptor
for thyrotropin (TSH) is a 7 transmembrane protein in the basal and lateral
aspects of the cell. The sodium iodide symporter (NIS) is also located in the
laterobasal cell membrane (13 transmembrane protein) and transports iodide
from the serum into the follicular cell. Colloid contains thyroglobulin (Tg), a
660,000 dalton glycoprotein synthesized in and secreted by the follicular cell.
It is the site of formation and storage of thyroid hormones (Figure 2.1).

The recommended intake of iodine "I for an adult is 150 pg/day and
during pregnancy 200 ug/day. Fresh seafood, kelp, and vegetables grown in
iodine-rich soil are sources of iodine. Iodized salt is a major source. In the
United States, the intake is approximately 300-500pg per person per day.
Vitamin and mineral pills usually contain about 150 pug/pill. Medical sources
are radiographic contrast and iodine-containing medications such as amioda-
rone. Populations with low intake of iodine have a range of serious problems
grouped together as iodine-deficiency disorders. Seven hundred forty million
people have goiter, 50 million children have mental retardation, or iodine-
deficiency brain damage, and 11 million have frank congenital hypothyroid-
ism.>’ Papillary cancer is more common in areas where there is an abundance
of dietary iodine and the proportion of follicular cancers increases as the
intake of iodine decreases.

Iodine is rapidly absorbed in the upper gastrointestinal tract and the
kidney and thyroid compete for the element. Figure 2.2 shows a whole-body
scan 1 hour after ingestion of '*I in a patient with functioning metastases.

The Sodium lodide Symporter

Two atoms of sodium are transported along with one atom of jodide by
the NIS.* Radionuclides of iodine such as '”I, *'I, and I are used for testing
and treatment of thyroid disorders. Their uptake is increased by TSH. Salivary
glands, stomach, and occasionally the breasts in women trap iodine (radioio-
dine should not be administered to patients who are lactating or nursing),
placenta (radioiodine should not be prescribed to pregnant patients), and the
thymus. NIS also transports thiocyanate (SCN”), perchlorate (Cl037) bromine
and astatine, and technetium pertechnetate. Iodine is then combined with
tyrosine by the enzyme thyroid peroxidase (TPO). Tyrosine molecules situ-
ated at appropriate positions on the Tg molecules are iodinated producing
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Figure 2.1, Schematic of a follicular cell showing the steps of trapping of iodine and forma-
tion of thyroid hormone and the release of thyroid hormone into the circulation.
1. Trapping of iodine by NIS
lodine oxidized to iodide
Organification of iodine to produce MIT and DIT
Coupling of MIT and DIT
Pinocytosis of colloid containing Tg
Proteolysis of Tg releasing T; and T,
Deiodination of MIT and DIT
8. Carriage of thyroid hormones in the blood
(Adapted from McDougall IR. Management of Thyroid Cancer and Related Nodular Disease.
London: Springer-Verlag; 2006:33.)
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monoiodotyrosine (MIT) and diiodotyrosine (DIT). H,0, is necessary for
organification of iodine. Two molecules of DIT couple to produce T, (3,5, 3’5
tetraiodothyronine) and one molecule of DIT and one of MIT produce T;
(3,5,3’ triiodothyronine).

Thyroid hormones and iodine are stored in Tg. TSH increases the uptake
of colloid containing Tg back into the follicular cell. This occurs by endocyto-
sis. Endocytes fuse with intracellular lysosomes that contain proteolytic and
deiodinase enzymes (also called dehalogenase). The colloid containing mostly
Tg is digested by proteolytic enzymes and T, and T; are released into the cir-
culation. MIT and DIT are also released in the follicular cell and their iodine
atoms are enzymatically removed by deiodinase. That iodine can be used again
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Figure 2.2. A whole-body scan in a patient with thyroid cancer who has undergone a thy-
roidectomy. The scan shows trapping of iodine in lymph node metastases within 1 hour of
ingestion of an oral dose of 'I. There is still activity in the stomach and the urinary tract and
bladder demonstrate excretion of the radioactivity.
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for formation of new thyroid hormones. Tg can be measured in the serum of
normal people (range of <0.5-50ng/mL). Serum Tg is a marker for residual
thyroid cancer when the thyroid has been removed surgically.

Carriage of Thyroid Hormones in the Blood

Thyroid hormones are released into the circulation where 0.03% T, and
0.3% of T; are free, the remainder being protein bound. The unbound or free
hormone is the active component. Thyroid binding globulin, transthyretin,
and albumin are the main thyroid transporters. They provide a buffer so that
sudden changes in hormone can be modulated.

Metabolism of Thyroid Hormones

Thyroid hormones are metabolized by deiodination. Eighty to ninety
percent of T; is produced by deiodination of T, in peripheral tissues. Thyroid
hormone can be metabolized by conjugation with glucuronide or sulfate in the
liver and can be identified on posttherapy scans after a patient with thyroid
cancer has been treated with a large dose of *'I. A small proportion of thyroid
hormones are degraded by deamination and decarboxylation of the amino
terminal of the molecule.

Action of Thyroid Hormones

The main actions of thyroid hormones are genomic. There are also effects
on mitochondria and cell membranes. T; attaches to specific thyroid hor-
mone receptors within the nucleus. Each receptor has a central domain for
binding to DNA, and a region at the carboxyl terminal for binding T; and for
controlling transcription. Nongenomic actions of thyroid hormones have
been described on the plasma membrane, mitochondria, cytoplasm, and
cytoskeleton.

Effects of Thyroid Hormones on the Individual

One aspect of treatment of patients with thyroid cancer involves withdraw-
ing thyroid hormone to produce clinical and biochemical hypothyroidism.
Over the course of 4 weeks without thyroid hormones, patients gain weight,
become tired and depressed, their skin dries and wrinkles, their hair loses
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luster, and they become constipated, cold, and miserable. The deprivation and
replacement of thyroid hormone allows us to witness the many functions of
thyroid hormones on virtually all the tissues of the body. In contrast, at times
a supraphysiologic dose of thyroid hormone is prescribed and the symptoms
and sign of mild thyrotoxicosis can be diagnosed.

Control of Thyroid Function:
Hypothalamic-Pituitary-Thyroid Axis

The anterior pituitary secretes the glycoprotein TSH. The pituitary is con-
trolled positively by thyrotropin-releasing hormone (TRH) and negatively
by thyroid hormones. TRH is synthesized and secreted in the paraventri-
cular nuclei of the hypothalamus. TRH is a tripeptide: glutamyl-histidyl-
prolinamide and it stimulates formation and secretion of TSH. TRH receptor
is a G protein-coupled 7 transmembrane receptor. TRH increases several steps
of TSH synthesis and secretion, in particular the control of the posttransla-
tional maturation of TSH oligosaccharide chains.’ In the absence of TRH, TSH
lacks its full biologic activity. TRH and thyroid hormones have a complex
interaction. The expression of the thyroid hormone receptor in the thyrotroph
is lowered by TRH, thus reducing the negative feedback of T. Historically, the
intravenous injection of TRH was a valuable test to diagnose mild thyrotoxi-
cosis. The production of the only FDA-approved preparation in the United
States has recently stopped. TRH is metabolized by an enzyme called TRH-
degrading ectoenzyme.” TRH is present in other parts of the brain and has a
putative role as a neurotransmitter. TRH has been used to treat neurologic
conditions and epilepsy.® It has been shown to reduce the intake of food in
experimental animals.’

Pituitary and Thyroid-Stimulating Hormone

TSH is a glycoprotein containing two peptide chains, o and B." The o
peptide is common to luteinizing hormone, follicle-stimulating hormone, and
human chorionic gonadotropin. The B subunit of each of these hormones is
different and confers specific biologic and immunologic function. In the case
of TSH, the B peptide is only produced in thyrotrophs that constitute about
5% of the cells in the anterior pituitary. The o chain contains 92 amino acids
and is encoded by a gene on chromosome 6. The § subunit has 112 amino
acids and is encoded by a gene on chromosome 1. The posttranslational
attachment of sugar molecules is important for full function. TSH lacking
sugars can bind to the TSH receptor but has reduced function.

Serum TSH can be measured precisely and is the single, most important
test of thyroid function (see below). TSH increases all steps of thyroid hormone
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production including trapping of iodine and iodination of tyrosine. An
increased TSH is important in testing and treating patients who have had
thyroidectomy for thyroid cancer and who are to undergo scintiscan or treat-
ment with radionuclides of iodine or measurement of a stimulated Tg. A high
level of TSH is achieved by letting the patient become hypothyroid, but patients
do not like the symptoms of hypothyroidism. Recombinant human TSH
can be used for testing and treating patients and is described in detail in
Chapter 5.'""

There is evidence that a number of proteins are local “autocrine/
paracrine” regulators of TSH secretion.” Epidermal growth factor has a
positive effect and neurotensin, neuromedin B, interleukin-1, and gastrin-
releasing peptide have inhibitory roles. These are considerably less important
than the positive TRH action and the negative feedback of thyroid hormones.
T, attached to its specific receptor in thyrotrophs has an inhibitory action on
the gene that transcribes mRNA of TSH P. This is the key in negative
feedback.

TSH Receptor

The TSH receptor is a G protein-coupled receptor. The gene is on chromo-
some 14q31. The receptor has a large extracellular domain with a tertiary
structure that is important for binding with TSH. In the presence of TSH, there
is increased production of intracellular cyclic adenosine monophosphate
(cAMP). This occurs through the receptor interacting with the G, complex and
causing disassociation of the o subunit from the 3 and y subunits. The o
subunit is complexed with guanosine diphosphate (GDP) and it releases the
GDP, which is replaced by guanosine triphosphate. This compound activates
the enzyme adenyl cyclase converting adenosine 5-triphosphate to cAMP.
With the increase in intracellular cAMP, there is an increased uptake of iodine,
production of TPO and Tg, and release of thyroid hormones. Prolonged TSH
stimulation produces growth of follicular cells. When the concentration of
TSH is high, the calcium phosphatidyl-inositol-phosphate protein kinase
pathway is activated and this increases production of H,0,.

A number of mutations have been identified in the TSH receptor. Some of
these produce a gain in function. When the activating mutation is on a clone
of thyroid cells (a somatic mutation), this results in a functioning nodule or
functioning nodular goiter. A germ line mutation affecting all follicular cells
causes a rare form of neonatal thyrotoxicosis that should be differentiated
from neonatal Graves’ disease. There are also mutations that inactivate the
TSH receptor causing a resistance to TSH. Activating mutations in the G, &
subunit can produce the same effects as activating mutations of the TSH
receptor.

TSH increases the formation and release of thyroid hormones resulting in
an increase in free T, (and or free T,) that in turn produces the negative feed-
back at the level of the thyrotroph and to a lesser extent the hypothalamus.
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Autoregulation of the Thyroid

Iodine has autoregulatory effects on the thyroid with the goal of maintain-
ing a steady physiologic state. The use of inorganic iodine to reduce the thy-
rotoxic effects of Graves’ disease demonstrates this. High levels of iodine
reduce its own transport into follicular cells also reducing its organification
(Wolff-Chaikoff effect)."* When the intake of iodine is chronically reduced, the
thyroid produces a higher ratio of T5/T,. This provides the more active hormone
at the expense of less iodine (T, has three fourths of the iodine and about 4
times the activity so there is more than 5:1 benefit).

Testing Thyroid Function

The best tests to determine thyroid function are FT, and TSH. It is true
that testing thyroid function in outpatients who have a high probability of
being normal can be achieved by measurement of TSH alone." In patients with
thyroid cancer, the clinician can titrate the dose of thyroid hormone to the
desired level of TSH for each individual patient. There have been progressive
increases in sensitivity of the assays resulting in a lowering of the level of
detectability for TSH and most can now achieve functional sensitivities of
<0.005mIU/L. An extensive monograph of practice guidelines for laboratory
testing of thyroid function is available.”

Thyroid scintigraphy and uptake measurement using '*’I have a limited
role in the management of patients with a newly diagnosed thyroid nodule but
would be ordered when thyroid function is high. Whole-body scan with 'l or
' is used in many patients with differentiated thyroid cancer to define how
much thyroid has been left after thyroidectomy and to identify functioning
metastases. An uptake measurement obtained over the thyroid bed and sites
of cancer at the time of scanning provides a quantification of the amount of
functioning thyroid.

Tg can be measured accurately by radioimmunoassays and immunoradio-
metric assays. This measurement is very important in the management of
patients with thyroid cancer who have been treated. The Tg value should be
undetectable or low (normal 0.5-50.0ng/mL).

Calcitonin secreted by parafollicular C cells and normal values are usually
<10ng/L (10pg/mL). This measurement is important in follow-up of patients
with medullary cancer.
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3. Thyroid Nodule

In the United States (US), 4%-7% of adults, predominately women, have a
palpable thyroid nodule. At autopsy, thyroid nodules are found in about 50%
of adults. Nodules are noted in approximately 30%-50% on ultrasound or
computed tomography of the thyroid. It is important to differentiate the rare
cancerous thyroid nodule from the large proportion that is benign. Impalpable
nodules picked up on imaging studies are called incidentalomas.' Causes of a
benign nodule include colloid nodule, adenoma, adenomatous goiter, cysts,
cystic degeneration of a preexisting nodule, autoimmune thyroid disease such
as Hashimoto’s, and subacute thyroiditis. Management involves attention to
clinical features, biochemical tests, and additional investigations, in particular
fine needle aspiration (FNA).

Clinical Features

Thyroid nodules are usually asymptomatic and most frequently the nodule
is identified during a physical examination. A large nodule causes symptoms
such as pressure, difficulty swallowing and or breathing, and a change in voice.
Pain in a thyroid nodule is uncommon and is caused either by bleeding into
a nodule or subacute thyroiditis. Pain from a thyroid abscess (acute thyroid-
itis), or rapidly growing cancer such as lymphoma and anaplastic cancer, is
very uncommon. Some clinical features increase the risk of a nodule being
malignant (Table 3.1). These include young and old age, male gender, family
history of thyroid cancer, and prior radiation over the neck. Cancerous nodules
are more likely to be hard, irregular, and fixed to adjacent structures. However,
history and clinical examination cannot differentiate most thyroid cancers
from benign nodules.

Diagnostic Testing

The optimal test in a euthyroid patient is FNA of the nodule with cytopa-
thologic interpretation of the aspirated cells (Figure 3.1). Most patients with a
malignant thyroid nodule are clinically and biochemically euthyroid. This is
confirmed by normal levels of thyrotropin (TSH) and free thyroxine. A thyroid
nodule in a hyperthyroid patient can be the result of an autonomous nodule
producing an excess of thyroid hormones or Graves’ disease with a nonfunc-
tioning nodule. '?I scintiscan is the best first test in a hyperthyroid patient.
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Table 3.1. Clinical features that increase the possibility of a malignant versus a benign
thyroid nodule

Malignant Benign Evidence and discussion
Patient age <20 years More likely between 20 Cancer is most common in 30-50
Patient age >60 years and 60 years age range but there is an even

higher incidence of benign
nodules in this age range.

Man Woman This seems paradoxical because
thyroid cancer is more
common in women (3:1) but
benign nodules are less
common in men.

Nodule single Multiple nodules Note that thyroid cancer can
occur in multinodular goiter.

Nodule hard Nodule soft

Nodule fixed Nedule mobile

Nodule irregular Nodule smooth

Nodule painless Nodule painful Painful lesions are rare, include

thyroiditis and bleeding into
nodule. Carcinomatous
pseudothyroiditis is very rare.

Rapid growth of nodule Slow growth However, most thyroid cancers
are slow-growing

Invasive No invasion

Recurrent laryngeal nerve

Esophagus

Trachea

Soft tissues

Lymph node metastases No lymph node This confirms malignancy.

metastases

Distant metastases No distant metastases This confirms malignancy.

Lung

Bone

Brain

Soft tissues

Familial thyroid cancer No familial thyroid Familial differentiated thyroid

Medullary including MEN cancer cancer is being recognized
syndromes more often.

Nonmedullary familial
thyroid cancer

Source: Adapted from McDougall.”
MEN, multiple endocrine neoplasia.
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New thyroid nodule

Measure thyroid function

l
I h 4 1
Hyperthyroid Euthyroid Hypothyroid
Scintiscan FNA Thyroid hormone

r 1

Hot nodule Cold nodule

FNA

Treat with 3]
or surgery

Figure 3.1. An algorithm for evaluation of a thyroid nodule. (From McDougall.?)

An autonomous nodule called a “hot” nodule because of its appearance
on scintiscan is almost always benign and FNA is not necessary. A nonfunc-
tioning nodule in Graves’ disease can be benign or malignant and an FNA of
the lesion is important. A higher incidence of cancer has been reported in
nonfunctioning nodules in Graves’ disease. When the patient is hypothyroid
and has a nodule, the diagnosis includes Hashimoto’s thyroiditis and thyroid
hormone might cause the nodule to shrink. Should the nodule not diminish
in size after 3-6 months of L-thyroxine, it should be biopsied.

Thyroid Scintigraphy

Thyroid scintigraphy is frequently ordered by primary care physicians
who believe that the test can help differentiate a benign from a malignant
thyroid nodule. The belief is that nonfunctioning “cold” nodules have a high
probability of being malignant. This is not true. In a metaanalysis, Ashcraft
and Van Herle’ found the specificity of scintigraphy to be 15%. When the
patient is hyperthyroid, the most appropriate radionuclide for scintigraphy is
1. I obtain a 24-hour uptake and scan after 200-300uCi (7.4-11.1MBg).
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Figure 3.2. A '?I scintiscan shows a functioning nodule with complete suppression of the
uptake in the remainder of the normal thyroid. B A nonfunctioning nedule in the left lobe of
the thyroid.

#mTcO, is also used for imaging; it is trapped but not organified. Scans and
quantitative measurements of ®™TcQ, are made 10-20 minutes after the intra-
venous injection of that radiopharmaceutical. A proportion of nodules that
are “hot” on *™TcO, scan are “cold” using '”’I. This increases the probability
of cancer and supports my preference for '*I. It has been emphasized that
autonomous functioning nodules in adults are usually benign. Figure 3.2
shows a typical functioning “hot” and nonfunctioning “cold” nodule. Most
images are obtained with a pin-hole collimator but some authorities recom-
mend single photon emission computed tomography, which improves resolu-
tion from 15mm for planar imaging to 6-7 mm.’

Cancer-seeking radiopharmaceuticals such as thallium (*'Tl), *™Tc-
sestamibi, and *™Tc-tetrafosmin do not help. There are a few reports of posi-
tron emission tomography differentiating benign from malignant thyroid
nodules but the numbers of patients studied are small and the incomplete
separation of cancerous nodules from benign are not encouraging.

Thyroid Ultrasound

Ultrasound cannot clearly differentiate a benign from malignant nodule.
It is used for follow-up evaluation of size and characteristics of nodules.
Nodules surrounded by a “halo” are likely to be benign and a “comet tail”
appearance is a reliable indicator of abundant colloid, which usually indicates
a benign colloid nodule.* Cancers are likely to be solid and hypoechoic and
have microcalcifications.’
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Fine Needle Aspiration

FNA is highly sensitive and specific.*” It is the best and most cost-effective
test to determine whether a nodule is cancerous or not.*® It also has a role in
children. FNA specimens are usually reported as A) benign, B) cancer or suspi-
cious for cancer, C) indeterminate, and D) nondiagnostic or inadequate. When
there are insufficient cells, the procedure should be repeated using ultrasound
guidance. Ultrasound also allows small, difficult to feel and even impalpable
nodules to be sampled. Repeat biopsy of a proven benign nodule is not very
helpful because the second study usually shows the same features of a benign
thyroid."” FNA and ultrasound are increasingly accepted as complementary.

Management of Thyroid Nodule

FNA is the central investigation (Figure 3.1). When the thyroid nodule is
malignant, the patient should be referred for thyroidectomy. When it is benign,
the patient can be reassured but there must be continuity of care. When the
FNA is indeterminate, there is a 10%-20% chance of cancer. The cytopathol-
ogy demonstrates a microfollicular pattern with small amounts of colloid and
it is not possible to exclude follicular cancer, or follicular variant of papillary
cancer, without histology." Most thyroid physicians would refer the patient
for operation. Male gender, a solitary nodule larger than 4cm, and a family
history of thyroid cancer increase the risk of a lesion being cancer.

Treatment with Thyroid Hormone

In a controlled study, patients with benign colloid nodules were treated
with thyroid hormone, or placebo for 6 months and then the medications were
switched."” There was no statistical difference in nodule size measured by
ultrasound. A metaanalysis showed no statistical benefit but there was a “trend
towards a reduction” in nodule size."” Potential complications of long-term
low TSH include loss of bone mass, increase in cardiac arrhythmias, and
behavioral irregularities. In the US, thyroid hormone is usually not prescribed
to euthyroid patients with a benign thyroid nodule.

Treatment of Autonomous Thyroid Nodule
Causing Thyrotoxicosis

A hyperfunctioning nodule can be treated by lobectomy, radioiodine '],
or by injection of ethanol. Antithyroid medications can be administered with



32 Thyroid Cancer in Clinical Practice

the goal of controlling thyrotoxicosis before proceeding with definitive therapy
or in a very old patient whose life expectancy is short. Larger nodules and
younger patients are usually treated by operation. ' is preferred for older
patients.

Cystic Thyroid Nodule

A cystic nodule can be monitored clinically and by ultrasound. It can be
aspirated and if it recurs, it can be observed, drained again, injected with
sclerosant, or removed.

Management of Multinodular Goiter

The first step is to determine if the patient is hyperthyroid, euthyroid, or
hypothyroid. In hyperthyroid patients, a scintiscan demonstrates whether
there are multiple functioning nodules or nodules superimposed on Graves’
disease (Marine-Lenhart syndrome). Toxic multinodular goiter can be treated
by surgery or I, and the specific choice is based on age of the patient, size of
the goiter, personal preference of the patient, and availability of trained spe-
cialists. Nygaard et al.'* on review of their results using "*'I in 130 patients with
toxic nodular goiter conclude, “Ninety-two percent of patients with multi-
nodular toxic goiter were cured with 1 or 2 treatments. The thyroid volume
was reduced by 43%, with few side effects. Iodine 131 should be the choice of
treatment in patients with multinodular toxic goiter.” A hypothetical reason
for not treating with radioiodine is swelling of the goiter and worsening of
pressure effects after 'I. This has been shown to be a myth by ultrasound
measurements of thyroid volume 2, 7, 14, 21, 28, and 35 days after therapy in
30 patients, some with toxic nodular goiter and some with nontoxic nodular
goiter."

In a euthyroid patient living in a region of iodine deficiency, supplemental
iodine can have an effect in reducing goiter size. Monitoring of the thyroid
size and function is important and some patients can develop Jod-Basedow
phenomenon (iodine-induced thyrotoxicosis). A nodular goiter with normal
thyroid function in a person who has lived in an iodine-replete country will
not benefit from iodine. The options are to watch, to operate, or to treat with
1. An investigation in Australia presented a hypothetical patient to endocrine
surgeons and endocrinologists. The patient was a 42-year-old woman with
a 50- to 80-g multinodular goiter and normal thyroid function.”® A majority
of both the endocrinologists and surgeons advised no treatment (65% and
67%, respectively). The remainder of the endocrinologists recommended L-
thyroxine (22%), surgery (10%), or "*'I (3%). For the surgeons, 31% recom-
mended surgery and 2% L-thyroxine. The investigators provided 11 variations
on the index patient and after analysis of responses concluded, “There are
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clinically significant differences between endocrine surgeons and endocrinolo-
gists in the management of multinodular goiter.” When experts give different
opinions, there is probably no one correct answer. An asymptomatic goiter
can be left untreated but a nodular goiter that is causing pressure symptoms
should be treated, and in the US, the common approach is by operation. This
immediately corrects the symptoms and the patient takes replacement L-thy-
roxine for life. The complications of thyroidectomy including hematoma,
damage to the recurrent and external laryngeal nerves, and parathyroids are
not common when the operation is conducted by a well-trained, experienced
surgeon. Treatment with radioiodine is less attractive because the uptake by
the goiter is usually low and this coupled with the size of the gland mean that
a very large dose of "' has to be administered. In addition, the reduction in
size is not great and it takes several months to achieve that. Nygaard et al.
treated 69 patients with 3.7MBq/g (100uCi/g) corrected for uptake. Fifty-six
patients received one treatment, one patient had four therapies, and the
remainder two. Comparison of thyroid volume in 39 patients before and 24
months after therapy showed a reduction from 73 to 29mL. Eleven percent
became hypothyroid. The results are impressive but it is hard to understand
how such small administered doses can have such a great effect.

Graves’ disease has developed in a few patients after radioiodine treatment
of both toxic and nontoxic nodular goiter.'®" This is probably attributable to
formation of thyroid-stimulating antibodies in response to the release of
thyroid antigens. Several authorities recommend '] as the treatment of choice
in the elderly.”* Nevertheless, a large goiter size and low uptake make the
treatment inappropriate for some patients. I have not been impressed with
the results in patients I have treated, but the selection of patients could be a
factor.”

Recombinant human TSH (rthTSH) is approved for increasing the uptake
in thyroid cancer. This is discussed in detail in Chapter 5. There are several
reports of rhTSH to increase the uptake in nodular goiter as a preliminary to
BT treatment. Twenty-two patients were treated with radioiodine after 0.01-
0.03mg of rhTSH.” The uptake doubled, therefore the therapy dose was
reduced by a factor of 2. There was a reduction in goiter size of about 40%.
Duick and Baskin® treated 16 patients with 1.1 GBq (30 mCi) after 0.9 mg of
rhTSH was administered to 10 patients and 0.3 mg of thTSH to 6 patients. The
uptakes increased by a factor of 4. Some were biochemically hyperthyroid
before treatment with ' and in all cases TSH became normal or increased
above normal after '*'I treatment. The authors estimated a 30%-40% reduction
in goiter size over 3-7 months and there was symptomatic improvement.

L-Thyroxine should be prescribed for patients with goiter who are bio-
chemically hypothyroid. This treatment is ineffective for euthyroid nodular
goiter.” It can be dangerous for patients with toxic nodular goiter. Once the
patient has been euthyroid for months and the goiter has failed to shrink, it is
advisable to refer for surgery.

A problem is the recurrence of nontoxic nodular goiter after surgery. This
generally is the result of the surgeon leaving too much tissue or conducting
a lobectomy. When the recurrent goiter is symptomatic, the therapies are
surgery or “'I. Repeat thyroid operations are associated with a higher
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incidence of complications and should be undertaken by an experienced oper-
ator who has conducted “redo” procedures. An alternative that has been used
in Europe is injection of the nodules with ethanol.””

Substernal (Retrosternal) Nodular Goiter

Substernal goiter is more common in goitrous regions and in older people.
To be defined as substernal, 50% or more of the goiter should be intrathoracic.
Many cases are identified by an X-ray or computed tomography scan obtained
for a nonthyroidal reason but when the diagnosis is established and patients
questioned directly the majority have noted a change in breathing. The goiter
can cause compression on adjacent structures and can be the cause of tracheal
compression, superior vena cava syndrome, recurrent laryngeal nerve paraly-
sis, difficulty in swallowing, and even chylothorax.” '*I scintiscan confirms
that there is thyroid present (*™TcO, is not advised). The uptake of radioio-
dine is frequently patchy except in the rare case of thyrotoxicosis in the sub-
sternal goiter.” FNA of retrosternal goiter is not recommended because of the
proximity of the great vessel. Surgery is usually recommended.” The general
health of the patient is important, and in the elderly or frail when there is high
uptake of a tracer of radioiodine, ' can be considered.” This produces about
30% reduction in volume.” In one report, 158 of 170 were excised through a
standard collar incision.” Permanent damage to the parathyroids and recur-
rent laryngeal nerves is rare. The incidence of cancer in surgically removed
glands ranges from 2.5% to 13% and thus mirrors the range for nodular glands
in the cervical position.”"!

Summary and Key Facts

Solitary thyroid nodules and nodular goiter are common. Most patients
are euthyroid and the best investigation is FNA of the nodule or dominant
nodule. A scintiscan is a valuable first investigation in thyrotoxic patients
because an autonomous “hot” nodule in an adult has minimal risk of being a
cancer and can be treated by lobectomy or ™' (or injection with ethanol).
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4. Thyroid Pathology*

Cancers that arise from follicular cells are classified along a morphologic
spectrum into well-differentiated carcinomas at one pole and anaplastic
(undifferentiated) carcinomas at the other. Well-differentiated carcinomas
retain the appearance of follicular cells and can trap iodine and secrete thyro-
globulin (Tg). Based on histology, they are subclassified as papillary, or follicu-
lar types. Anaplastic carcinomas are undifferentiated neoplasms of follicular
cell origin that often bear little resemblance to follicular cells. C cells (parafol-
licular cells) can undergo malignant transformation and are called medullary
cancer. Lymphomas and leukemias arise from hematolymphoid cells and sar-
comas are of mesenchymal cell origin. In geographic regions of high iodine
intake, about 80% of thyroid cancers are differentiated and, of these, 90% are
papillary carcinomas, 5%-10% follicular carcinomas, another 5%-10% are
medullary carcinomas, 2%-5% anaplastic carcinomas, and 2%-5% malignant
lymphomas (Figure 4.1). Rarely, nonthyroidal cancers can metastasize to the
thyroid. A close working relationship with a pathologist interested in thyroid
pathology is indispensable in the management of patients, and pathology
slides of patients referred for treatment from another institution should always
be reviewed. Treatment and prognosis are determined in large part by the
histologic type of neoplasm. For example, it is essential that adenoma be care-
fully distinguished from minimally invasive or widely invasive follicular car-
cinoma. This chapter discusses both cytologic findings of fine needle aspiration

(FNA) specimens and the histologic features of inflammatory and neoplastic
conditions.

Fine Needle Aspiration

The principal role of FNA is to provide the accurate pathologic diagnosis
and classification of a thyroid nodule. Five diagnostic categories are used:
malignant, suspicious for malignancy, indeterminate, benign, and inadequate.
In general, the first three warrant a surgical biopsy for histopathologic confir-
mation. Many authors require the presence of at least 6 clusters of 10-20 cells
on each of 1-2 slides for specimen adequacy. Nayar and Frost' emphasize three
steps in the analysis of FNA: 1) the arrangement of cells with respect to one
another, 2) the cytologic features of individual cells, and 3) the composition
of background elements. Rapid smearing of the material for preparation of
air-dried slides and alcohol-fixed slides is essential for preserving cytologic

*With special contribution from Gerald J. Berry
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detail. The amount and type of colloid should be included in the report. The
size of follicles should be described and whether they are monotonous and
microfollicular in arrangement. Nuclear features including size, grooves, and
intranuclear pseudoinclusions are important for the diagnosis of papillary
cancer. The techniques for FNA include FNA by palpation and ultrasound-
guided FNA for nonpalpable lesions. In experienced hands (combining techni-
caland diagnostic expertise), the false-negative rate is <5% and the false-positive
rate is also low, around 1%-3%.

Intraoperative Examination

Intraoperative evaluation by cytologic techniques and frozen section his-
tology is used to determine whether an indeterminate lesion is malignant or
to examine regional lymph nodes for metastases thus confirming cancer is
present. Total thyroidectomy would then be undertaken. The distinction
between follicular adenoma and minimally invasive well-differentiated carci-
noma and their variants is seldom resolved on frozen section. On occasion,
there can be a discrepancy between FNA and frozen section interpretation and
some consider FNA to be more sensitive.’

Recent Molecular Advances

The use of specific labeled antibodies to stain tissue sections has increased
the accuracy of histologic diagnosis.* These include Tg, galectin-3, calcitonin,
cytokeratin-19, thyroid transcription factor-1 (TTF-1), HBME-1, estrogen
receptor, cell adhesion molecule o and P integrins, CD44, CA125, o-1-
antitrysin, and S100. Activating point mutations of the RAS protooncogenes
occur in follicular adenomas and carcinomas, and anaplastic carcinomas but
are uncommon in papillary carcinomas and Hiirthle cell tumors. Inactivating
point mutations of the p53 tumor suppressor gene are very common in ana-
plastic thyroid carcinoma and have been reported with less frequency in
poorly differentiated (insular) carcinoma.’ Point mutations of RET protoon-
cogene have recently been identified in both the sporadic and familial [non-
MEN (multiple endocrine neoplasia], MEN 2A and 2B) forms of medullary
carcinoma.

Benign Thyroid Tumors and Tumor-Like Nodules

There are many benign causes of clinical nodules in the thyroid including
adenomatous (nodular) hyperplasia, adenoma, chronic lymphocytic thyroidi-
tis, subacute thyroiditis, and colloid cyst. In FNA preparations, the follicular
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cells are uniform in size and shape and their nuclei are central and similar in
size to those of a lymphocyte. In addition, there is often an admixture of
groups of follicular cells and cells stripped of their cytoplasm (“naked nuclei”)
and colloid that ranges from a “watery” appearance, to “cracked glass” or the
more classic tenacious material.

Nontoxic Multinodular Goiter/Adenomatous
Hyperplasia

A goiter or an enlarged thyroid arises from a variety of causes including
inherited enzyme deficiency, neoplasia, inflammation, or nutrient deficiency.
In regions of iodine deficiency, multinodular or “endemic” goiters occur and
are the most common global cause of thyroid enlargement. Women are more
likely to be affected and multiparity and older age increase the prevalence. The
histopathologic terms that are most often used for sporadic goiters are adeno-
matous or nodular hyperplasia, hyperplastic colloid nodule, or adenomatoid
goiter. FNA displays the same constituents as the normal thyroid gland includ-
ing abundant colloid, follicular cells, and there can be Hiirthle cells and mac-
rophages containing hemosiderin (Figure 4.2). The gland is enlarged and there
are usually many nodules of varying size but there is no evidence of encapsula-
tion or parenchymal invasion. Many follicles are large but there is variation in
size and shape and there is abundant colloid.

Figure 4.2. FNA preparation of a benign thyroid nodule showing bland follicular cells
admixed with colloid and histiocytes (Diff-Quik x400).
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Figure 4.3. FNA findings of a follicular neoplasm demonstrating a repetitive microfollicular
pattern and absence of colloid (Diff-Quik x400).

Follicular Adenoma

Follicular adenoma is a solitary, encapsulated benign neoplasm of follicu-
lar cell origin that displays distinct differences in cellularity and composition
from the adjacent normal thyroid parenchyma. The distinction of follicular
adenoma from follicular carcinoma cannot reliably be made by FNA and the
term “follicular neoplasm” is used. In FNA preparations, the smears are cel-
lular with a repetitive array of microfollicles and scant colloid (Figure 4.3).
Surgical excision is necessary to establish the correct histologic diagnosis.
Follicular adenomas are solitary, round to oval, encapsulated, and smaller
(1-3cm in diameter) than nodular hyperplastic lesions (Figure 4.4). Hiirthle
cell adenomas are defined as benign tumors composed exclusively or predomi-
nantly (>75%) of oncocytic cells.® These large oxyphilic cells have a character-
istic abundant red granular cytoplasm with round vesicular nuclei showing
conspicuous central nucleoli in tissue sections. The abundance of mitochon-
dria gives the cytoplasm its appearance. Capsular and vascular invasion is
used to discriminate between benign and malignant lesions. The term “atypi-
cal follicular adenoma” is reserved for encapsulated neoplasms that according
to the World Health Organization Committee display marked cellularity and
unusual architectural and cytologic patterns such as necrosis or increased
mitotic activity.” By definition, there should not be evidence of capsular or
vascular invasion but the lesion has a worrisome appearance. In general, these
have behaved in a benign manner. They must be distinguished from the
recently coined term “follicular tumor of uncertain malignant potential,”
which is defined as a follicular neoplasm that shows incomplete or question-
able penetration of the capsule.? It is thought that in some cases there is
entrapment of tumor cells within the fibrous capsule or an irregular capsule.
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Figure4.4. Low-power magnification of a follicular adenoma showing an encapsulated mass
composed of follicular cells [hematoxylin and eosin (H&E) x10].

Acute Thyroiditis (Thyroid Abscess)

Acute thyroiditis caused by bacterial or fungal infection is uncommon and
this has been attributed to the high iodine content in the thyroid acting as an
antiseptic. Most of the early reports were attributed to pyogenic bacterial
organisms such as Staphylococcus sp., Pneumococcus sp., and Streptococcus
sp.” Fungal organisms such as Cryptococcus sp., Aspergillus sp., and Prneumo-
cystis jiroveci (formerly P. carinii) are reported in immunosuppressed
patients.” FNA produces pus and necrotic debris. Histologically there are
classic features of acute inflammatory exudates with abundant polymorpho-
nuclear cells, necrosis, hemorrhage, and disruption of follicles.

Subacute Thyroiditis

Subacute thyroiditis or de Quervain’s thyroiditis is a painful condition
associated with systemic symptoms such as a viral illness plus thyrotoxicosis.
FNA of the painful enlargement demonstrates multinucleated giant cells,
inflammatory cells, and cellular debris admixed with degenerating follicular
cells. Similar cells are seen on histopathologic sections, and the condition is
also called “granulomatous thyroiditis.” Other thyroid disorders that present
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with pain are acute thyroiditis, rarely Hashimoto’s thyroiditis, and rapidly
growing cancers causing pseudothyroiditis." In general, painful conditions in
the neck are more likely to be the result of nonthyroidal conditions such as
laryngitis, pharyngitis, and esophagitis.

Chronic Lymphocytic Thyroiditis
(Hashimoto's Thyroiditis)

Chronic lymphocytic thyroiditis or Hashimoto’s thyroiditis is a very
common organ-specific autoimmune disorder characterized by the presence
of circulating antibodies against thyroid peroxidase (thyroid microsomal
antigen) and Tg." It is about 10 times more common in women, and an asso-
ciation with HLA-DRS5 has been reported. FNA shows benign follicular cells
and Hiirthle cells admixed with inflammatory cells including small round
lymphocytes, immunoblasts, tingible body macrophages, plasma cells, and
occasionally multinucleated giant cells. Colloid is scanty or often absent.
Microscopic sections reveal abundant lymphocytes and plasma cells, reactive
germinal centers, and Hiirthle cell metaplasia of follicles (Figure 4.5). The
association of papillary cancer and Hashimoto’s thyroiditis is well recognized
and some authorities recommend careful search for any evidence of papillary
cancer when the cytology is chronic lymphocytic thyroiditis."

Figure 4.5. Hashimoto's thyroiditis composed of Hiirthle cells and a reactive germinal center
(H&E x300).
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Reidel’s Thyroiditis

Reidel’s thyroiditis is a rare inflammatory, sclerosing lesion of unknown
etiology that can be associated with other fibrosing conditions such as retro-
peritoneal fibrosis, sclerosing cholangitis, mediastinal fibrosis, and orbital
pseudotumor.” FNA usually yields scant fibrous material. The thyroid is
enlarged, “woody” in consistency, and adherent to adjacent soft tissues. His-
tologically, the hallmark is dense sclerotic fibrous tissue with few follicular
cells or colloid. The vessels show intimal proliferation, phlebitis, and intralu-
minal thrombi.

Thyroid Cancers

Differentiated Thyroid Cancer: Papillary Thyroid Cancer
(Chapter 5)

In iodine sufficient regions, papillary cancer accounts for about 80%-90%
of thyroid cancers. It is 3 times more common in women and the median age
is 25-45 years. In cytologic preparations, there are avascular papillary fronds
of cells showing crowding, nuclear enlargement, and metaplastic or “squa-
moid” cytoplasm. The nuclei might show grooves and pale inclusions (pseu-
doinclusions that are invaginations of cytoplasm) (Figure 4.6). The colloid
often has a “bubble gum” appearance, and psammoma bodies and multinucle-
ated giant cells are found in some cases. Papillary cancers are often bilateral
and/or multifocal. The lesions are firm to hard and can have foci of calcifica-
tion. The borders of these cancers are often irregular and infiltrative, Histo-
logically, the cells are arranged in papillary fronds with central fibrovascular
cores (Figure 4.7). The nuclei appear optically clear and have lateral displace-
ment of the nucleoli near the nuclear membrane (so-called “Orphan Annie”
nuclei after the comic strip character). Psammoma bodies are seen in about
50% of cases and derive from individual necrotic tumor cells that undergo
calcification in lamellate layers. Lymphocytic response to the cancer cells is
common. A minority of papillary cancers are solid or trabecular. Papillary
cancers can contain areas of cystic degeneration. Papillary cancer spreads by
lymphatics and involvement of regional nodes is common.

When papillary cancer is found serendipitously in a thyroid removed,
for example a multinodular goiter and it is less than 1cm, this is called an
occult papillary cancer or microcarcinoma. This does not merit additional
treatment.

Variants of Papillary Cancer (Chapter 6)

The follicular variant of papillary thyroid cancer is the most common. This
can be difficult to diagnose in FNA samples. Histologically, the neoplasm is
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Figure 4.6. FNA findings in papillary carcinoma consisting of a papillary group without a
central fibrovascular core, lined by enlarged cells with metaplastic “squamoid” cytoplasm with
intranuclear pseudoinclusions (Diff-Quik X600).

Figure 4.7. Histopathologic features of classic papillary carcinoma include papillary fronds
lined by cells with intranuclear pseudoinclusions and nuclear grooves (H&E x400).
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composed of follicles lined by cells with the nuclear features of papillary cancer.
The diffuse sclerosing variant is characterized by extensive replacement of one
or both lobes by hyalinizing fibrous tissue and lymphoid cells. This pattern has
been reported in 60%-70% of the children who developed papillary cancer after
exposure to radiation in the Chernobyl reactor accident.

Tall cell and columnar cell variants have a worse prognosis. The height
of the neoplastic cells is twice the width in the tall cell variant. The nuclear
features are typical of papillary carcinoma and the cytoplasm is abundant
and eosinophilic. In the columnar cell variant, the appearance has been likened
to secretory endometrium.” The Hiirthle cell variant of papillary carcinoma
must be distinguished from the more common Hiirthle variant of follicular
carcinoma. Other variants are rare and include cribriform-morular, solid,
oxyphil, Warthin’s-like, trabecular, and tumor with nodular fasciitis-like
stroma.

Differentiated Thyroid Cancer: Follicular Cancer
(Chapter 5)

In the United States, follicular cancer accounts for 5%-10% of thyroid
malignancies and the proportion increases in regions of iodine deficiency. The

Figure 4.8. Capsular penetration is a hallmark of invasive well-differentiated follicular carci-
noma (H&E x250).
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mean age is about a decade older than in papillary cancer and there is a 3:1
ratio of women to men. FNA of follicular cancer shows a repetitive micro-
follicular pattern that is indistinguishable from follicular adenoma. The
pathologic hallmarks for cancer are capsular invasion and vascular invasion.'®
Follicular cancer is further classified into either the minimally invasive
or widely invasive types based on macroscopic and microscopic findings
(Figure 4.8).

Variants of Well-Differentiated Follicular Cancer (Chapter 6)

Hiirthle cell neoplasms can be adenomas or carcinomas and the pathologic
differentiation can only be made by histopathologic examination. Hiirthle cell
carcinoma is usually a solitary mass and there can be central necrosis. Invasion
into surrounding tissues can occur and is associated with a poorer outcome.
Histologically, the cells are large polygonal with a granular eosinophilic cyto-
plasm and prominent nucleoli.”” Nuclear pleomorphism and mitotic activity
including atypical forms can be present.

Poorly Differentiated Carcinoma: Insular Carcinoma
(Chapter 6)

This cancer is uncommon in the United States. The lesions are large
(>5cm) and display invasive margins grossly. The histopathologic features
include well-delineated nests or islands (insulae) surrounded by delicate fibro-
vascular strands. At high power magnification, the neoplastic cells display
small round nuclei, minimal pale cytoplasm, and are arranged in small clus-
ters. The prognosis is poor.

Anaplastic Thyroid Cancer (Chapter 9)

FNA of anaplastic cancer shows a very cellular pattern with necrosis and
the cells are usually pleomorphic and variable in size, shape, and appearance.
These malignancies are usually very large with infiltration of surrounding
tissues including muscles and trachea at the time of presentation. There are
abundant regions of necrosis and hemorrhage. A variety of histologic patterns
can be observed often with variation within the tumor itself (Figure 4.9). In
some cases, a spindled or nonkeratinizing epidermoid pattern is present.
There is usually no immunoreactivity for Tg or TTF-1, thus these cancers in a
sense lack thyroidal differentiation. Treatment involves multimodality thera-
pies but the prognosis is dismal.
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Figure 4.9. Anaplastic carcinoma containing multinucleated giant cells (H&E x400).

Carcinoma of C Cell Origin: Medullary Thyroid Cancer
(Chapter 10)

Approximately 25%-30% of patients with medullary cancer belong to
families with familial medullary cancer or MEN 2A and 2B syndromes.
Mutations in the RET protooncogene cause malignant transformation of the
cells.”? Cells that contain the mutation develop C cell hyperplasia and then
micro-cancers and finally clinically apparent disease. FNA demonstrates a very
cellular specimen and the cells are plasmacytoid, elongated or spindle-shaped
in appearance. Amyloid deposits are found in about 50% of the FNA speci-
mens and demonstrate apple-green birefringence under polarized light on
Congo red stain. The most common site of medullary cancer is the lateral
aspect at the junction of the upper one third and lower two third of the lobes.
Sporadic cancers are usually solitary and can have a central fibrous scar and
sharply circumscribed or infiltrative borders. The cells are arranged in lobules,
trabeculae, nests, or sheets and are separated by amyloid deposits in about
80% of cases (Figure 4.10).

Hematolymphoid Neoplasms (Chapter 11)

Malignant [ymphoma arising in the thyroid accounts for about 2%-5% of
thyroid cancers and about 2.5% of lymphomas.” The patient is usually a
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Figure 4.10. Medullary carcinoma demonstrating abundant amyloid admixed with cells with
stippled chromatin (H&E x300).

woman aged 60 years or older. There is a close association with pre-existing
Hashimoto’s thyroiditis with an estimated 80-fold increased risk of lym-
phoma.” Because diagnosis can be made by FNA with flow cytometry, there
is less need for excisional biopsy. The cell of origin is the B lymphocyte and
10%-30% of the cancers are classified as MALTomas (mucosa-associated lym-
phoid tissue) or extranodal marginal zone B cell lymphoma of MALT.?

Hodgkin’s lymphoma involving the thyroid is very uncommeon. Diagnostic
Reed-Sternberg cells and immunohistochemical support should be sought to
establish the diagnosis.

Mesenchymal Tumors of the Thyroid

Angiosarcoma is the most important and common of the malignant mes-
enchymal tumors. A geographic predilection for the Alpine regions of Europe
was reported.”” Most patients are elderly and present with rapid enlargement
of a preexisting thyroid mass. The tumors are large with abundant hemorrhage
and necrosis (Figure 4.11).

Malignant teratoma is an extremely rare intrathyroidal cancer.”
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Figure 4.11. Angiosarcoma of the thyroid with irreqular blood-filled vascular spaces lined by
pleomorphic, hyperchromatic endothelial cells (H&E x400).

Metastases to the Thyroid (Chapter 12)

Hematogenous spread to the thyroid is reported in a number of cancers
including melanoma, carcinoma of the lung, breast, gastrointestinal tract, and
renal cell carcinoma.”™

Squamous Cell Carcinoma

Primary squamous cell carcinoma of the thyroid gland is rare. When a
patient has a known cancer in a region close to or adjacent to the thyroid, a
new mass in the thyroid can be the result of direct extension. Seventeen cases
were collected at the Mayo clinic and 16 were squamous cell cancers of the
larynx or esophagus.” The combination of FNA sampling and knowledge of
the history should establish the correct diagnosis.

References

1. Nayar R, Frost AR. Thyroid aspiration cytology: a “cell pattern” approach to inter-
pretation. Semin Diagn Pathol 2001;18(2):81-98.

2. Castro MR, Gharib H. Thyroid fine-needle aspiration biopsy: progress, practice, and
pitfalls. Endocr Pract 2003;9(2):128-136.



10.

11.

12.

13.

14.

15.

16.

18.

19.

20.

21.

22.

4. Thyroid Pathology 51

. Ranchod M. Thyroid gland. In: Ranchod M, ed. Intraoperative Consultations in

Surgical Pathology. Philadelphia: Hanley & Belfus; 1996:389-403.

. Rosai ]. Immunohistochemical markers of thyroid tumors: significance and diag-

nostic applications. Tumori 2003;89(5):517-519.

. Nikiforov Y. Recent developments in the molecular biology of the thyroid. In: Lloyd

RV, ed. Endocrine Pathology: Differential Diagnosis and Molecular Advances.
Totowa, NJ: Human Press; 2004:191-209.

. Rosai J, Carangiu ML, DeLellis RA, eds. Tumors of the Thyroid Gland. Washington,

DC: Armed Forces Institute of Pathology; 1992:161-182.

. Hedinger C, Williams ED, Sobin LH. Histological typing of thyroid tumors. In:

Hedinger CE, ed. International Histological Classification of Tumours. Vol 11. 2nd
ed. Berlin: Springer-Verlag; 1988.

. Williams E, Abrosimov A, Bogdanova T, et al. Two proposals regarding the termi-

nology of thyroid tumors. Int J Surg Pathol 2000;8:181-183.

. Brook I. Microbiology and management of acute suppurative thyroiditis in children.

Int | Pediatr Otorhinolaryngol 2003;67(5):447-451.

Avram AM, Sturm CA, Michael CW, Sisson ]C, Jaffe CA. Cryptococcal thyroiditis
and hyperthyroidism. Thyroid 2004;14(6):471-474.

Kon YC, DeGroot L]. Painful Hashimoto’s thyroiditis as an indication for thyroid-
ectomy: clinical characteristics and outcome in seven patients. ] Clin Endocrinol
Metab 2003;88(6):2667-2672.

Weetman AP. Autoimmune thyroid disease. Autoimmunity 2004;37(4):337-340.
Liu LH, Bakhos R, Wojcik EM. Concomitant papillary thyroid carcinoma and Hashi-
moto’s thyroiditis. Semin Diagn Pathol 2001;18(2):99-103.

Egsgaard Nielsen V, Hecht P, Krogdahl AS, Andersen PB, Hegedus L. A rare case of
orbital involvement in Riedel’s thyroiditis. J Endocrinol Invest 2003;26(10):
1032-1036.

Rosai ], Kuhn E, Carcangiu ML. Pitfalls in thyroid tumour pathology. Histopathol-
ogy 2006;49:107-120.

Li Volsi V. Surgical Pathology of the Thyroid. Philadelphia: WB Saunders;
1990:173.

. Heppe H, Armin A, Calandra DB, Lawrence AM, Paloyan E. Hiirthle cell tumors of

the thyroid gland. Surgery 1985;98(6):1162-1165.

Eng C. RET proto-oncogene in the development of human cancer. J Clin Oncol
1999;17(1):380-393.

Santoro M, Melillo RM, Carlomagno F, et al. Molecular biology of the MEN2 gene.
J Intern Med 1998;243(6):505-508.

Souhami L, Simpson W], Carruthers JS. Malignant lymphoma of the thyroid gland.
Int J Radiat Oncol Biol Phys 1980;6(9):1143-1147.

Holm LE, Blomgren H, Lowhagen T. Cancer risks in patients with chronic lympho-
cytic thyroiditis. N Engl ] Med 1985;312(10):601-604.

MacDermed D, Thurber L, George TI, Hoppe RT, Le QT. Extranodal nonorbital
indolent lymphomas of the head and neck: relationship between tumor control and
radiotherapy. Int ] Radiat Oncol Biol Phys 2004;59(3):788-795.



23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Thyroid Cancer in Clinical Practice

Kim NR, Ko YH, Sung CO. A case of coexistent angiosarcoma and follicular carci-
noma of the thyroid. ] Korean Med Sci 2003;18(6):908-913.

Craver RD, Lipscomb JT, Suskind D, Velez MC. Malignant teratoma of the thyroid
with primitive neuroepithelial and mesenchymal sarcomatous components. Ann
Diagn Pathol 2001;5(5):285-292.

De Ridder M, Sermeus AB, Urbain D, Storme GA. Metastases to the thyroid gland:
a report of six cases. Eur J Intern Med 2003;14(6):377-379.

Giuffrida D, Ferrau F, Pappalardo A, et al. Metastasis to the thyroid gland: a case
report and review of the literature. J Endocrinol Invest 2003;26(6):560-563.
Haraguchi S, Hioki M, Yamashita K, Orii K, Matsumoto K, Shimizu K. Metastasis
to the thyroid from lung adenocarcinoma mimicking thyroid carcinoma. Jpn J
Thorac Cardiovasc Surg 2004;52(7):353-356.

Heffess CS, Wenig BM, Thompson LD. Metastatic renal cell carcinoma to the thyroid
gland: a clinicopathologic study of 36 cases. Cancer 2002;95(9):1869-1878.

Kihara M, Yokomise H, Yamauchi A. Metastasis of renal cell carcinoma to the
thyroid gland 19 years after nephrectomy: a case report. Auris Nasus Larynx
2004;31(1):95-100.

Lam KY, Lo CY. Metastatic tumors of the thyroid gland: a study of 79 cases in
Chinese patients. Arch Pathol Lab Med 1998;122(1):37-41.

Nakhjavani MK, Gharib H, Goellner JR, van Heerden JA. Metastasis to the thyroid
gland. A report of 43 cases. Cancer 1997;79(3):574-578.

Nakhjavani MM, Gharib MFH, Goellner MJ, Heerden MBCJA. Direct extension of
malignant lesions to the thyroid gland from adjacent organs: report of 17 cases.
Endocr Pract 1999;5(2):69-71.



5. Differentiated Thyroid Cancer

Introduction and Presentation

Papillary and follicular cancer cells retain the functions of trapping iodine
and producing thyroglobulin (Tg). These cancers are grouped together as dif-
ferentiated thyroid cancer. They are 3 times more common in women and the
average age is 30-40 years. A new thyroid nodule or growth of an existing
nodule is the usual presentation. Occasionally, a regional node containing
metastatic cancer draws attention to the disease. A distant metastasis is a rare
presentation. Fine needle aspiration of a new thyroid nodule or enlarged cervi-
cal node is recommended. Thyroid function is usually normal. Left untreated,
the cancer will grow and cause pressure, difficulty breathing and swallowing,
and metastasize to regional lymph nodes. A change in voice or hoarseness is
a sign that the cancer has invaded the recurrent laryngeal nerve. There is
increasing evidence of familial clusters of differentiated thyroid cancer; there-
fore, a new nodule in a first-degree relative who has thyroid cancer should be
subjected to fine needle aspiration.

Natural History of Differentiated
Thyroid Cancer

Most differentiated thyroid cancers grow slowly. The long-term outcome
is excellent in patients who have been treated by surgery and thyroid hormone,
or surgery, radioactive iodine (*'I), and thyroid hormone. The best prognosis
is in patients younger than age 50 years. Women have a slightly better prog-
nosis than men. Small (<2cm) intrathyroidal cancers are associated with an
excellent outcome. Invasion into surrounding tissues such as the trachea
and distant metastases are poor prognostic factors. Metastasis to lymph
nodes is associated with more recurrences but death from the cancer is not
increased. An accurate prognosis can be predicted based on the age of the
patient, the size of the cancer, and whether there are invasion and/or distant
metastases.

Most authorities use the postoperative tumor/node/metastasis (pTNM)
staging as shown in Table 5.1. A patient younger than 45 years with no distant
metastasis is Stage I. The presence of a distant metastasis only increases this
patient’s stage to II. In contrast, a patient 45 years or older with a nodal metas-
tasis is Stage III, as is a patient with a cancer larger than 4cm. A patient with
a distant metastasis is Stage IV.
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Table 5.1. Thyroid cancer pTNM staging

Primary tumor T0 No evidence of primary cancer
T T Tumor <2¢cm
T2 Tumor >2-4cm
T3 Tumor >4cm
T4* T4 Tumor of any size extending
beyond the thyroid capsule
Regional nodes NO No regional lymph node
metastasis
N1 Regional lymph node metastasis
Nla Ipsilateral cervical nodes
N1b Bilateral midline or contralateral
cervical or mediastinal nodal
metastasis
Distant metastasis Mo No distant metastasis
M1 Distant metastasis
Younger than 45 years
Stage | Any T, any N, MO
Stage Il Any T, any N, M1
Stage il Not applicable
Stage IV Not applicable
45 years or older
Stage | T1, NO, MO
Stage ll T2, NO, MO
Stage Il T3, NO, MO, or any T, N1, MO
Stage IV Any T, any N, M1

There are several systems that use criteria such as age, size of the primary
cancer, and presence of distant metastases to provide a numeric score that
defines outcome. The mnemonic MACIS, abbreviated from Metastasis, Age,
Completeness of resection, Invasion, and Size, provides a quantitation of the
mortality risk.! The formula is age multiplied by 0.08 (or 3.1 if aged <40 years),
plus size of cancer in centimeters multiplied by 0.3, +1 for incomplete excision,
+1 for local invasion, and +3 points for a distant metastasis. Several other
prognostic indices use similar input factors. “Staging” patients allows prog-
nostication and makes it possible to compare treatments among patients with
similar extent of disease. pTNM is used internationally and is recommended.
MACIS provides an excellent alternative and one that patients understand
easily.
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Fundamentals of Treatment

The principle of treatment is to remove all cancerous cells. This requires
thyroidectomy. Some surgeons recommend a total thyroidectomy over a lesser
procedure. The reasons for this disparity in opinion are discussed along with
the pros and cons of the operations. Small cancers are often confined to the
thyroid and therefore are removed by thyroidectomy. Metastases to regional
lymph nodes can be treated by operation or radioiodine "*'I or both. Metasta-
ses to distant sites, usually lung and or bone, less commonly brain, soft tissues,
and liver must be treated on an individual basis but "I is used most often.
After thyroidectomy, the patient requires thyroid hormone for life. It is pos-
sible to reduce growth of differentiated thyroid cancer cells and their produc-
tion of Tg by prescribing a dose of levothyroxine, which reduces thyrotropin
(TSH).

Surgery

The key to management of differentiated thyroid cancer is a skilled thyroid
surgeon. There is general but not unanimous consensus that a total thyroid-
ectomy is the operation of choice. Some surgeons argue for a lesser procedure
especially in low-risk patients. Patients who are Stage I or who have a MACIS
score of <6 are very unlikely to die from thyroid cancer. These patients are
usually young and a complication of the operation such as permanent hypo-
parathyroidism can be very troublesome. A permanent paralysis of the recur-
rent laryngeal nerve can interfere with jobs that require lecturing, speaking
in public, or singing. Several authorities recommend lobectomy in these
situations.”’

There are fewer recurrences in patients who have had a more complete
thyroidectomy.! Fifty-four percent of patients undergoing completion of
thyroidectomy had cancer in the contralateral lobe.” However, a clinical recur-
rence in the residual lobe is less common and in one series was only 4%.°
Treatment with '] is easier when there is less residual thyroid and there are
fewer complications such as radiation thyroiditis. In addition, the diagnostic
whole-body scan and posttreatment scan are more likely to show functioning
metastases on the first postoperative evaluation. Measurement of Tg for
follow-up of patients is more reliable when most of the thyroid has been
removed. Total (or near total) thyroidectomy is the preferred procedure
but has to be balanced against the risks of the operation. When a lesser opera-
tion is undertaken and the primary cancer is <1.5cm and fully excised the
patient should have an excellent prognosis. When the cancer is larger, locally
invasive, or there are nodal metastases, a total thyroidectomy is advised. When
only a lobe was removed, completion of thyroidectomy and ™I ablation is
advised.

The operation should be conducted by a surgeon who has been trained in
the procedure and who has had experience with many thyroidectomies. The
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surgeon should also have a very low complication rate. The patient should
meet with the surgeon and take a written list of questions concerning the
procedure, risks, recovery time in hospital, time for recuperation, whether the
surgeon identifies the recurrent and superior laryngeal nerves or uses nerve
monitoring, and the involvement by trainees, etc. An accompanying relative
or close friend is helpful. In complicated operations such a “redo” procedure
when the first operation did not remove sufficient gland, the surgeon should
be the one who has experience in this situation where the complication rate is
recognized to be higher. The incision is usually about 1-1.5 finger breadths
(2-3 cm) above the sternal notch. The incision is still called a Kocher incision
after Emil Theodor Kocher who reduced the operative mortality from 14% in
1884 t0 0.18% in 1898. He received the Nobel Prize in physiology and medicine
in 1909. The use of mini-incisions and video-assisted thyroidectomy has been
conducted with no increase in complications. It remains to be proven whether
this is appropriate for patients with thyroid cancer when total thyroidectomy
and selective lymph node dissection are necessary.

Death, hemorrhage, hypoparathyroidism, recurrent and superior laryn-
geal nerve paralysis, and difficulty swallowing are the main complications.
Some patients are unhappy with the scar and a keloid is very unsightly and
difficult to correct. Complications are more frequent after total thyroidectomy
and total thyroidectomy plus neck dissection.” They are also more common
during reoperation and in the hands of surgeons conducting small numbers
of thyroidectomies.® The main immediate risks of thyroidectomy are the life-
threatening ones. Postoperative bleeding and hematoma formation are of
great concern because unless treated expeditiously can cause compression
of the trachea and death. Postoperative bleeding occurred in 0.7%-1.59% of
21,680 thyroidectomies. In an older report, the mortality in patients older than
70 years was 0.66% compared with 0.02% for those younger than 50 years.
Nevertheless, thyroidectomy can be completed successfully in the elderly as
one report in 12 patients older than 80 years confirms.” None of 14,934 patients
in a multicenter study died but a permanent complication occurred in 7.1%'%
1.3% had recurrent laryngeal nerve injuries and 3.3% hypocalcemia. In an
analysis of 5583 patients from the United States (US), 9.8% of the low-risk
patients (TINOMO) had a complication (79% of these were hypocalcemia).!
This is important because these patients have an excellent prognosis and
they are usually young and have to live with the complication for the rest of
their life.

Hypocalcemia from permanent hypoparathyroidism requires large
doses of calcium (2-3 g daily) plus 0.25-0.5g 1:25 dihydroxycholecalciferol.
During surgery where all parathyroids appear to have been compromised,
one gland can be autotransplanted into a pocket in the sternocleidomastoid
or the forearm. There is a role for local anesthesia in older patients, those
with cardiovascular disease, and pregnant women. One group uses local
anesthesia as their standard and have experience with more than 600
patients.”?

In summary, total or near total thyroidectomy is the operation of choice
and the quality of the operation is central to the management. The published
incidences of permanent hypothyroidism and recurrent laryngeal nerve paral-



5. Differentiated Thyroid Cancer 57

ysis are higher than 1% for each (the generally quoted acceptable percentage).
An experienced surgeon capable of removing the thyroid with a low complica-
tion rate is a huge advantage.

Radioactive lodine

Radioactive iodine treatment is usually preceded by a diagnostic whole-
body scan using a radionuclide of iodine and I is being used more often as
the diagnostic radionuclide. For therapy, "', which has been used for more
than 60 years, is used exclusively." Follicular cells transport iodine against an
electrochemical gradient from serum to cell. The molecular structure of the
trapping mechanism is located in the laterobasal segment of the cell. It trans-
ports one atom of iodide and two atoms of sodium and hence is known as the
sodium iodide symporter (NIS).""> TSH controls the gene that encodes NIS as
well as its function. Other tissues including salivary gland, breast, stomach,
thymus, kidney, and choroid plexus express NIS. These organs can be seen on
whole-body scans using radionuclides of iodine. NIS in thyroid cancer cells is
present in reduced amounts or it is not targeted to the correct site, thus cancers
trap less iodine than normal follicular cells."

The treating physician should meet with the patient to outline the pro-
tocol and to ensure that the patient understands this is a protracted pro-
cedure. TSH should be increased and this has usually been achieved by
withdrawal of thyroid hormone resulting in symptomatic hypothyroidism.
Advice is given about a low iodine diet. Potential side effects of radioactive
iodine are described. A discussion of radiation safety issues and precautions
is included.

Diagnostic Scanning

A diagnostic scan determines how much residual thyroid has been left after
thyroidectomy and defines the presence of functioning metastases (Figure 5.1).
It also determines whether treatment with "' is appropriate and in follow-up
whether treatment with **'I has been successful, or not. It also ensures the
proposed high dose of therapeutic *'I does not irradiate a physiologic site such
as the breasts. An increased TSH is necessary for trapping of iodine. This is
achieved after total or near total thyroidectomy by waiting 4 weeks without
thyroid hormone replacement. Most authorities recommend values >30 mU/L
but I hope to have the value >50mU/L. When the patient has been started on
thyroid hormone postoperatively there are two approaches. Levothyroxine is
stopped for 4 weeks or it is replaced by triiodothyronine for 4 weeks. Then the
tritodothyronine is stopped for 12-14 days and equivalent TSH values are
found.” Brans et al."® confirm that the diagnosis of cancer, the worry about
treatment with internal radiation, the need for isolation, and hypothyroidism,
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Figure 5.1. Whole-body anterior (A) and posterior (B) scintiscans and spot views of the
anterior (€) and posterior (D) neck and chest. The images were made 24 hours after 2 mCi
(74MBq) '®1. There is uptake in the thyroid bed and a small focus in the left neck likely attribut-
able to metastasis in a lymph node. There is physiologic uptake in salivary glands, stomach,
intestines, and bladder.

all lead to depression and anxiety. This is worsened by the hypothyroid condi-
tion. Whole-body scan and measurement of stimulated Tg in the patient for
follow-up can be obtained after withdrawal of thyroid hormone, or injection
of recombinant human TSH (rhTSH).

Recombinant Human Thyrotropin

Ladenson et al.”” reported on the use of thTSH in a phase III trial in 127
patients. The patients had a whole-body diagnostic scan after two intramus-
cular injections of 0.9 mg of rhTSH on consecutive days. A scan was obtained
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48 hours after 2-4mCi (74-148 MBq) *'I. The patients then had a diagnostic
scan after withdrawal of thyroid hormone. Eighty-three percent of the paired
scans were concordant. Of the 21 discordant pairs, 18 were positive on the
withdrawal scan but negative after injection of thTSH, i.e., the standard prepa-
ration was superior. A second phase III trial was conducted using 4mCi
(148 MBq) *'I and measurement of stimulated Tg in 229 patients.” There was
concordance in 89%. One hundred percent with metastatic disease were iden-
tified by rhTSH scan and Tg. Side effects from rhTSH were mild but about 10%
of the patients reported headache or nausea after the injection of rhTSH.
Patients do not develop antibodies after repeated injections of rhTSH.* The
Food and Drug Administration (FDA) approved the use of rhTSH for diagnos-
tic scanning in December 1998. I have conducted more than 260 diagnostic
scans after thTSH stimulation. Preliminary results have been published.>*
Thirteen percent had a transient headache and 21% had mild nausea. The
mean TSH 24 hours after the second injection was >120mU/L. Ninety percent
diagnostic whole-body studies were negative and Tg values < 5ng/mL, which
I accept as not meriting additional tests or treatment. When the stimulated
value was > 10 ng/mL and the scan was negative, additional testing was under-
taken to try to identify the site of Tg production.

TSH stimulus can cause growth of lesions resulting in pain, respiratory
problems, and central nervous system complications such as hemiparesis.
Therefore, precautions should be taken in patients who have cancer in critical
areas such as the spine. This applies to withdrawal of thyroid hormone and
injection of rthTSH.

Some authorities advocate measurement of a stimulated Tg alone as suffi-
cient and omit the diagnostic scan.”* One review makes the point that approach
is acceptable after a negative follow-up scan and Tg have been achieved.”” My
preference is to obtain at least one follow-up scan and stimulated Tg because
there are reports of undetectable Tg in patients with known residual cancer.?
When both are negative, stimulated Tg values could be used after that. In
patients with no residual disease, repeated tests with rhTSH are reliable and
consistent.

Low lodine Diet

The goal of diagnostic imaging and therapy is to have thyroid cells trap
as much radioiodine as possible. The average daily intake of iodine in the
US is 200-500pug. When dietary iodine intake is high, the diagnostic and
therapeutic tracers of radioactive iodine are diluted by the nonradioactive 1.
Most authorities recommend a low iodine diet for 2 weeks before testing
and treatment. One source of a large dose of iodine is radiographic contrast
and a delay of 6-8 weeks is advised after this has been injected. Amiodarone
has a high concentration of iodine and a very long half-life and testing and
treatment have to be delayed for up to a year provided the medication can be
stopped.
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Which Radioactive Tracer?

P'I was used for diagnostic whole-body imaging for decades. However,
there were concerns that the diagnostic scan on occasion did not provide as
detailed an analysis as the posttherapy scan. Several authorities did not find a
significant difference.”” There was added concern that diagnostic doses of *'1
could damage the trapping ability of thyroid cells so that therapeutic **'I would
be concentrated in lower amounts and not be so effective in killing the cancer
cells. This is called “stunning.” For this reason, it is reasonable to restrict the
dose of "I to 1-3mCi (37-111 MBq) "' Because of the drawbacks of *'I, I,
a pure gamma () emitter with a half-life of 13 hours, is now used more fre-
quently. The 159keV energy of the y of I is suited to high-resolution imaging
with a y camera and some consider it the ideal radionuclide in this situation.”
Several investigators have shown its value and high sensitivity for whole-body
scanning.’** Published test doses of '“I vary from <37 MBq (<1.0mCi) to
185MBq (5.0mCi); I use 4mCi (148 MBq) and images are obtained after 24
hours. "' is administered orally as a capsule or liquid and whole-body scan
is conducted after 48-72 hours. There is some evidence that the sensitivity of
P11 scan is greatest at 72 hours after administration of *'I.

Interpretation of the Whole-Body Scan

Anterior and posterior whole-body scans and anterior and posterior spots.
of the neck and chest are obtained with the patient lying supine. Multiple spot
views are acceptable but more difficult to interpret. It is important that a low-
energy collimator is used for '”I and a high-energy one for "*'I, or the scans
can be impossible to interpret (Figure 5.2). A quantitative measurement of the
percentage uptake over the thyroid bed and functioning lesions is obtained
using a probe. Radioiodine is trapped wherever there is NIS and normal
thyroid traps most avidly. Functioning metastases in regional lymph nodes
and distant sites are identified provided there is not excessive residual normal
thyroid (Figures 5.3A and B and 5.4). Other organs seen on the scan include
the salivary glands and stomach. The bladder is usually seen on scans made
over the first 2-3 days. Scans made later often show uptake in the colon and
rectum. Active breast tissue can be imaged, and testing and treatment should
be deferred for some months after lactation.” The liver can be imaged on scans
made several days after treatment (Figure 5.5).



Figure 5.2. Two sets of anterior and posterior scintiscans made after the patient had been
treated with "'I. A low-energy collimator was used instead of high-energy (the y emissions
from "'l of 365keV are too high for regular collimator) and the images are uninterpretable.
The study was not conducted at Stanford.
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Figure 5.3. A Whole-body scan and spot views made 24 hours after 4mCi (148 MBg) 'I.
There is uptake of 'l in residual thyroid and functioning nodal metastases.



Figure 5.3. B Posttreatment scan demonstrating pulmonary metastases in whole-body and
spot scintiscans. The patient had been treated 7 days earlier with 150 mi (5.5 GBq) ™.
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Figure 5.4. Whole-body scan demonstrating widespread skeletal metastases. This was
obtained 7 days after treatment with ™'I.
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Figure 5.5. Anterior and posterior whole-body scans and spot views of the neck and chest
made 7 days after treatment with ™*'l. There is a large residuum of thyroid and this produced
radioiodinated thyroid hormones that are metabolized in the liver.

False-Positive Findings

There are several comprehensive reviews of reports of benign or nonthy-
roid cancer disorders that have caused difficulty on interpretation, also shown
in Table 5.2.%* Excreted radioactivity in saliva, urine, and occasionally feces
are potential causes of false-positive results (Figures 5.6 and 5.7). Several
nonthyroidal cancers can occasionally trap iodine. There are several reports
of uptake in the thymus, mostly in young patients on the posttherapy scan
(Figure 5.8).”



Table 5.2, List of false-positive findings on whole-body scan based on previous tabulations

by the author®*
Site Disorder
Head Meningioma
Wig, hair, scalp
Artificial eye
Dacryocystitis
Subdural hematoma
Nose Sinusitis, “hot nose”
Salivary glands Physiologic, sialoadenitis, Warthin's tumor
Mouth Saliva
Periodontal disease, oral disease
Chewing tobacco
Lingual thyroid
Neck outside thyroid Tracheostomy
bed Thyroglossal duct

Thorax and lungs

Cardiac
Thymus
Breast

Esophagus

Liver
Biliary tract
Stomach

Colon

Urinary tract
Reproductive system

Contamination
Perspiration

Carotid ectasia

Cancer

Inflammatory lung disease, bronchiectasis

Pleural effusion

Bronchogenic cyst

Pericardial effusion

Struma cordis

Pleuropericardial cyst

Physiologic

Lactating, or recent pregnancy

Breast cyst

Barrett's esophagus

Esophageal stricture

Zenker's diverticulum

Hiatal hernia

Diffuse uptake: physiologic uptake on late “posttreatment” scans

Focal uptake: probable functioning metastases

Gallbladder

Dilated intrahepatic duct

Physiologic

Gastric carcinoma

Physiologic

Meckel's diverticulum

Colonic graft

Physiologic on early scans, renal cyst, polycystic kidneys, ectopic
kidney

Qvary, ovarian cystadenoma, struma ovarii

Endometriosis

Contaminated handkerchief

Perspiration in axillae, perspiration under a watch
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Figure 5.6. A Linear concentration of radioiodine in the central thorax. B This activity disap-
peared after the patient drank water, confirming that it was in the esophagus.

-~
2

5

‘.f’ a

Figure 5.7. A Diagnostic scan after 4mCi (148 MBg) '*I. B A posttreatment scan 1 week after
administration of "*'l. The major difference is diffuse uptake over the top of the head in the
posttherapy scan. This was attributed to radioactive saliva used to keep the hair look
fashionable.
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L

Figure 5.8. Whole-body and spot views after '*'l treatment in a young patient. There is a
remnant of uptake in the thyroid bed and uptake in the central chest, which is typical of
thymus.

Thyroglobulin

Tg measurement is valuable in patients who have had surgical and I

treatment. The level of Tg is dependent on the level of TSH and the size and
site of residual thyroid, particularly thyroid cancer. Approximately 25%-30%
of patients with papillary thyroid cancer have anti-Tg.”® Endogenous antithy-
roglobulin antibodies compete with antibodies used for the assay. There is a
dilemma as to the diagnostic value of the Tg measurement when anti-Tg is
present. In addition, different Tg assays can give different results in the same
sample. Radioimmunoassays are one-step procedures; immunoradiometric
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assays (IRMA) and chemoluminescent assays are two-step assays. In most
patients, there is a close relationship between the measurement of Tg and
whole-body scan findings; in other words, both are positive or both are nega-
tive. A measurable (increased) Tg with a negative scan is a management
dilemma and is discussed under controversies. An increase in Tg usually rep-
resents an increase in the mass of thyroid cancer provided TSH is constant
and the same assay used. Very large quantities of Tg swamp the capacity of
the anti-Tg antibody that captures Tg in the first step of IRMA and produces
a lower value, which is called the hook effect.

Treatment with Thyroid Hormone

All patients who have had thyroidectomy need thyroid hormone. Well-
differentiated thyroid cancer responds to TSH, thus TSH levels should not be
persistently high. However, high doses of thyroid hormone can have adverse
effects on the cardiovascular system, the skeleton, and on the brain. In thyro-
toxicosis, there is increased bone resorption, reduced trabecular bone, and
osteoid surface, and an increase in the resorptive surface. Bone density mea-
surements are reduced. Several investigators confirm a reduction of bone
density in the radius, hip, spine, or calcaneus.” However, dual energy X-ray
absorptiometry measurements in 49 patients with treated thyroid cancer who
had higher T, and lower TSH levels were similar to normal, age-matched con-
trols.” Greenspan and Greenspan®' in a metaanalysis of published research,
concluded that suppression of TSH can reduce bone density in pre- and post-
menopausal women. Older women with prolonged suppression of TSH are at
most risk of developing reduced bone density and have increase in hip and
vertebral fracture.

Cardiac manifestations of thyrotoxicosis include tachycardia, palpitations,
ectopic beats, atrial fibrillation, increased pulse pressure, left ventricular
hypertrophy, and high output cardiac failure. Sawin et al.*’ found a threefold
increase in atrial fibrillation in patients older than 60 years. Anxiety, nervous-
ness, difficulty sleeping, irritability, and anger can result from too much
thyroid hormone.

In patients with newly diagnosed and treated low-risk cancer, it is reason-
able to have the TSH in the range close to the lower end of normal, for example,
0.1-0.6mU/L. After a period of follow-up showing a negative scan and low
values of Tg, the TSH could be titrated to the range of 0.3-1.0mU/L. There
would be no increased risks from the medication or the disease. In contrast,
in patients with high-risk cancer, or persistent disease despite appropriate
treatments, there is a role for prescribing more thyroid hormone to keep the
TSH lower. The dose is usually just less 1ug per pound body weight. L-
Thyroxine is the preferred medication and there are six FDA-approved pre-
parations that are not interchangeable. Klein and Danzi® have reviewed the
therapeutic efficacy of L-thyroxine preparations and make the point that when
a substitution is made there is considerable risk that the TSH level can change
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and can put the patient at risk for subclinical thyroid dysfunction. Thyroid
hormone should be taken several hours apart from calcium and iron. All
pregnant women who have no thyroid reserve need to increase their intake of
L-thyroxine during pregnancy.** They should also take supplementary iron
and vitamins at a different time.

Treatment with Radioiodine ™'|

The goal of therapy is to deliver enough damage to the diseased cells to
kill them and at the same time deliver as little toxic effects to nonthyroidal
tissues as possible so that complications are absent or mild. *'I treatment can
deliver remarkably high doses of radiation to the desired sites at little expense
to the remainder of the body. 'I was first administered by Seidlin. The patient
had thyrotoxicosis as a result of functional metastases 19 years after thyroid-
ectomy.” The patient improved considerably and functioned well for several
years after "' therapy.

1 is administered to remove residual thyroid left after near total or sub-
total thyroidectomy, so-called remnant ablation. However, the first treatment
can be designed to deal with regional or distant metastases provided the
surgeon has removed the primary cancer and all or nearly all normal thyroid.
Some endocrinologists treat postoperatively by ordering a “fixed” routine dose
without a diagnostic scan. This ignores how much tissue is present and per-
centage uptake of radioiodine and whether there are functioning metastases.
The dose could be too small for some patients or inappropriately large for
others. "*'I is also used to treat thyroid metastases.

A brief discussion of radiation physics is introduced. The absorbed radia-
tion to thyroid tissue is dependent on the volume of residual thyroid, the
quantity of *'I administered, the percentage uptake of the administered dose
in the thyroid tissues, and its effective half-life at that site. The most common
approach to calculate the absorbed radiation is called the MIRD method
(Medical Internal Radiation Dose Committee of the Society of Nuclear Medi-
cine). The word dose has two meanings. First, dose applies to the quantity of
radiation administered. This is in units of becquerel, usually mega or giga
becquerel in the SI system, or curies, usually millicurie in the standard system.
One becquerel produces one emission per second and 1 mCi gives off 3.7 x 10’
emissions per second. One hundred millicurie is equivalent to 3.7 GBq and
1GBgq is equivalent to 27 mCi. The second use of dose refers to the quantity of
radiation deposited in or absorbed by tissues. The SI unit for absorbed dose
is the gray and that is equal to 1 joule of energy deposited in 1kg of tissue, The
standard unit is the rad (radiation absorbed dose) which is equal to 100 ergs
deposited in 100 g. One joule is equal to 107 ergs, therefore 1Gy equals 100rad,
alternatively 1rad is equal to 1 c¢Gy or 10mGy. It is useful to know that 1puCi
(37Bq) "'I delivers 0.433 rad (0.433 cGy) to 1 g of tissue in 1 hour. This number
can be used to calculate how much radiation is delivered when the adminis-
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tered dose, the size of the lesion, the percentage uptake, and half-life of the
radioiodine are known. The physical half-life T,,, of "I is 8.04 days or 193
hours. The biologic half-life T,;;5 is the time to the turn over half the iodine by
the body. The effective half-life T, ; is derived from the formula:

1 1 1
—_—
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The effective half-life of "I in functioning thyroid including metastases
along with the number of microcuries per gram of tissue determines the
success of therapy.

Empiric Therapy for “Ablation of Remnants”

The goal should be to administer the lowest dose that will eradicate 100%
of cells in 100% of patients.” One dose does not fit all. A dose of 29.9mCi
(1.1GBq) was popular because in many countries and in the US until recently
that was the maximum administered dose that was allowed for out-patient
therapy (NRCP report no. 37). This dose works provided there is a small
volume of tissue with a low percentage of uptake.* A randomized study of
eight different administered doses ranging from 15mCi (555 MBq) to 50mCi
(2.2GBq) showed there was a statistically significant benefit from doses of
25mCi (925MBq) or greater.” Low doses should not be administered to a
patient with locally invasive cancer or metastases to lymph nodes or distant
sites. Significant multifocal disease would weigh against low-dose treatment.

Beierwaltes et al.* reported an 87% success rate in 233 patients with
thyroid tissue confined to the thyroid bed using a dose of 100mCi (3.7 GBq).
Hoyes et al.”* conducted a retrospective analysis of 60 patients treated with
95mCi (3.5GBq) "'I. The average uptake was 18.4% and they successfully
ablated 54 of 60 (90%) defined as <1.0% on follow-up scan after a delay of
3 months.

Some recommend fractionated therapy, i.e., three doses of 30mCi at inter-
vals of about a week, instead of a single dose of approximately 100mCi. Prob-
lems include whether there is a need for second and third administrations
because the first fraction might be all that is required. Second, there must be
concern that the first treatment could cause “stunning” so that subsequent
doses would not be trapped (see controversies later in this chapter). Third,
there would be the need for radiation safety requirements for outpatients for
several weeks rather than days. Finally, the patient would be hypothyroid
considerably longer. This is not recommended.

In summary, when it appears that the patient would be successfully ablated
by one small dose based on a low uptake and little residual thyroid, proceed
that way. In other situations, prescribe a dose that will have a high likelihood
of working, e.g., 100-150mCi (3.5-5.5GBq). Then deal with the logistics as
dictated by country or state.
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Treatment of Metastases: Empiric Therapy

Functioning lymph node metastases would usually be treated with 100~
175mCi (3.7-6.5GBq). Pulmonary metastases are usually treated with 150-
200mCi (5.5-7.4GBq) and skeletal lesions with 200mCi (7.4GBq). These
empiric doses do not take into consideration the mass of cancer, the percent-
age uptake, or the T\zr. The outcome in patients with nodal and micronoedu-
lar pulmonary metastases is good when patients are treated this way. Massin
et al.” treated 58 patients with pulmonary metastases that constituted 7% of
their total group. They administered 100-200mCi (3.7-7.4GBq) for lung
lesions and the 8-year survival for those with micronodular disease was 77%.
Schlumberger et al.” treat with fixed doses of 100 mCi (3.7 GBq) and repeat the
treatment after 6 months. When the cancer could be ablated using 'I, 89%
survived for 15 years. "'l seldom causes radiation fibrosis and this is discussed
below under complications of radioiodine treatment. The outcome in patients
with macronodular pulmonary disease is guarded.

Bone metastases are often lytic and when they are in a weight-bearing site,
a radiation oncologist and orthopedist should be consulted for advice. "'I in
a dose of 200mCi (7.4GBq) is administered and repeated after 1 year when
there is continued uptake of radioiodine in lesions. The 10-year survival from
the time of metastases is 10%-20%.

Dosimetry to Deliver a Specific Absorbed Radiation
Dose to the Cancer

The calculations required to derive that 1uCi in 1g for 1 hour deposits
0.433rad are beyond the scope of this book but can be found in reference.*
The volume of tissue being treated must be known plus the percentage
retention of radioiodine and its effective half-life. Then it is possible to
determine what dose of 'I should be administered to deliver, for example,
30,000 rad.”®

Dosimetry Using Diagnostic I

[, which is a positron emitter with a 4-day half-life, has been used for
dosimetry. Three-dimensional, high-resolution images can be generated.*
Approximately 2-4 mCi (74-148 MBq)'*'I is administered and imaged at 4, 20,
44 hours and after 4-6 days. Accurate measurement of the absorbed dose is
possible not only for individual lesions but for different regions within a
lesion.
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Dosimetry to Ensure Marrow and Lung and
Total-Body Radiation Are Not Excessive

Hematologic complications occur when the blood receives 200rad (2 Gy)
or more.” Retention of 120mCi (4.4 GBq) at 48 hours delivers a cumulative
dose of 200rad (2Gy) to the blood. Severe pulmonary complications occur
when the lungs retain 80 mCi or more (2 2.96 GBq) at 48 hours after treatment.
Sisson® has presented a simplified method of dosimetry. The method is to
measure whole-body retention of a diagnostic dose of '*'I at 2 hours and use
this as the 100% baseline. A repeat measurement is made after 48 hours and
the retention used to ensure the administered dose could not result in reten-
tion of 120mCi (4.4 GBq). A diagnostic scan demonstrating where the activity
is located could be used along with the percentage retention. One of the
sources of total-body radiation is from "*'I-labeled thyroid hormone. Sisson
also recommends measuring FT, based on the principle that the higher that
value the more likely there will be high levels of radioiodinated thyroid hor-
mones and excessive blood, marrow, and whole-body irradiation.” The
administered dose is empirically reduced by 10%-20% when the FT, is between
0.25 and 1ng/dL, by 20%-40% for an FT, between 1.0 and 1.8ng/dL, and by
40%-60% for a value >1.8 ng/mL. Prevention of retention of 80 mCi (2.94 MBqg)
in the lungs is achieved by calculating the percentage of whole-body radioac-
tivity from a diagnostic dose that is retained in a region of interest over the
thorax. Dosimetry is not required in most patients but when there is a desire
to deliver a specific absorbed dose to a lesion, it is obviously necessary. When
there are widespread functioning metastases including multiple skeletal or
pulmonary lesions, it is important to determine that the marrow and lungs are
not exposed to an excess absorbed dose.

Treatment After Stimulation with Recombinant
Human Thyrotropin

rhTSH has not been approved for treatment by the FDA but has been in
the European Union. The use of rhTSH for treatment is exciting but there are
still some facts that need to be resolved. The efficacy of rhTSH stimulation
versus hypothyroidism in the ablation of thyroid remnants is the same.®®
Nine patients with Stage I or II disease were studied first when euthyroid after
2 doses (4 patients) or 3 doses (5 patients) of thTSH then when hypothyroid.”
The blood clearance was faster in the euthyroid state but the percentage uptake
in lesions was greater as was the residence time. rhTSH had a 5.7 times advan-
tage over the hypothyroid condition, therefore therapy with '*'I would produce
a higher radiation to the lesion but the blood and whole-body radiation would
be less. The use of thTSH for both remnant ablation and treatment of function-
ing metastases is expanding. More data will be needed to define its exact role
versus withdrawal of thyroid hormone including what administered dose of
P is optimal.
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Regulations for Release of Radioactive Patients

The regulations for release of patients who have been treated with *'I differ
from country to country and practitioners must know and adhere to those
rules that apply. The US regulations are discussed here. The current regula-
tions of the US Nuclear Regulatory Commission revised Title 10 of the code
of Federal Regulations (10 CFR 35.75) allow release of patients with a retained
dose of < 33mCi (< 1.22GBq) and emitted radiation of < 7mrem/h at 1 m.%
When it can be documented that no adult person could be exposed to 500 mrem
(5mSv), the patient can be released. For this, it is then necessary to develop a
formula using the distance in meters and the inverse square rule, the occu-
pancy time, the actual emitted radiation at 1m at the time of treatment to
determine whether outpatient treatment is appropriate. The exposures of 65
family members of 30 patients who were treated as outpatients were mea-
sured.* The mean dose to relatives was 0.24mSv (24 mrem with a range of
10-109 mrem), which was well below the limit (5.0 mSv).

Because of concern that terrorists might set off a dirty bomb or release
radioactivity, airports now have radiation detectors. Patients generally would
not be flying soon after ' therapy but if there is an emergent need, a docu-
ment should be provided that they have been treated with details of dose and
date. Apparently, all alarms that have gone off have been attributed to medical
rather than terrorist sources of radiation.”

Side Effects and Complications

The preparation, including hypothyroidism, low iodine diet, radiation pre-
cautions, and long-term follow-up, is weighty and time-consuming. In addi-
tion, side effects have been reported in 77% of patients in one study (Table
5.3).% TSH can stimulate growth of cancer in an enclosed space. There is a
need to consider surgery, external radiation, or cyber knife before proceeding
to treat a mass lesion within a fixed space with *'I. Nausea is common after
large doses of "*'I and the patient can be given prophylactic medication. Expe-
rience with one, such as ondansetron (Zofran), is advised.

Radiation thyroiditis produces pain over the thyroid bed that radiates to
the jaw and ear. The symptom can start as early as 1 day after treatment but
is most common between 2-5 days. The pain is worsened by swallowing and
talking. The skin over the thyroid is red and the area is extremely sensitive to
touch. This complication is usually found when the surgeon has left a substan-
tial volume of thyroid. Transient thyrotoxicosis caused by release of thyroid
hormone might follow. Antiinflammatory medications given in adequate
doses are helpful but if the symptoms persist after 24 hours a short course of
prednisone has a dramatic effect.

The salivary symptoms are not common in patients receiving <3.7 GBq
(100mCi). A transient change or loss of taste occurs days to weeks after "'
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Table 5.3. Side effects and complications of "'l treatment

Early side effects Late side effects

Growth of cancer by TSH stimulation Permanent hypothyroidism

Thyroiditis Xerostomia

Transient thyrotoxicosis Dry eyes, also tearing

Sialadenitis Reduced sperm counts

Loss or change of taste Reduced fertility

Stomach pain Increased risk of congenital abnormalities

Nausea Increased incidence of cancer (leukemia, breast,
and bladder)

Vomiting Early menopause

Neck edema Radiation pneumonitis and fibrosis

Recurrent laryngeal nerve paralysis Reduced parathyroid function

Anaplastic transformation of cancer

treatment. Sialadenitis was found in 33% (67 of 203 patients).®® Methods to
reduce sialadenitis include sucking lemon candy and lemon drops to encour-
age salivary flow and to ensure the patient is well hydrated. There is debate
regarding when the prophylactic lemon should be started, but most advise at
the time of 'I administration. The use of amifostine seems to have helped
reduce the incidence and severity of sialadenitis.” The glands become swollen
and tender and the onset can be within 24 hours of treatment. On rare occa-
sions, the glands become symptomatic weeks or months after "*'I therapy and
a proportion of patients end up with a dry mouth. An increase in salivary gland
tumors has been identified in one report.*®

Lacrimal dysfunction has occurred in 92% of patients. Chronic conjuncti-
vitis occurred in 27% of treated patients.” There are reports of blockage of the
nasolacrimal duct after '*'1.%

When "'Iis administered, there is a theoretic risk of leukemia and this was
described early after the introduction of "' therapy for thyroid cancer.®”
Pochin’ found three patients with leukemia among those he had treated in
the 1950s. This number was statistically greater than 0.25 cases expected based
on the size of the treated population. These three patients had all received
more than 1050mCi (38.9GBq). The patients were treated with substantial
doses at shorter intervals than is current practice. Chronic myeloid leukemia
has been identified in several patients. When standard doses are used at inter-
vals of more than 6 months, the risk is low.

Iodine can be concentrated by NIS in breast cells and there are several
reports of breast uptake on whole-body scans using radioiodine.”*”>™ There is
increasing concern about a relationship of breast cancer occurring after treat-
ment of thyroid cancer. The implication is that *'I causes the breast cancer.
Alternatively, thyroid cancer is a disease of young women and breast cancer a
disease of older women. Therefore, it would not be unexpected for one cancer
to follow the other. Also, the women might have a genetic predisposition for
cancer in general. One report showed a 1.5 relative risk for breast cancer after
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a diagnosis of thyroid cancer and also a relative risk of 1.5 for thyroid cancer
after a diagnosis of breast cancer.” An increased risk of breast cancer (relative
risk 1.18) was identified in 252 women after they had thyroid cancer.”® However,
when women were premenopausal at the time of diagnosis and treatment of
thyroid cancer, the relative risk was 1.49 (P < .001). There was a significant
excess of these cancers in women younger than 59 years out of 2365 women
treated for thyroid cancer in three French Cancer Centers.” There should be
a degree of caution when treating young women who have low risk thyroid
cancer with 'L

A statistically significant increase in bladder cancer has been described.”
In 2113 pregnancies evaluated in women treated for thyroid cancer, there
was a slight increase in miscarriage after surgery and radioiodine therapy
compared with before any intervention.” This was more likely related to
thyroid dysfunction than to '*'I. There was no difference in the “incidences of
stillbirth, preterm birth, low birth weight, congenital malformation and death
during the first year of life before or after "*'I therapy.” Transient problems
with menses were found in 17% of young women treated with *'I but no per-
manent effect on the ovaries and 276 of the women bore 427 children.” Pacini
and colleagues® demonstrated a higher follicle stimulating hormone in 103
men who had been treated on average 15 months before. The dose to the
gonads was 6.4cGy (6.4rad) after 3GBq (80mCi), 14.1cGy (14.1rad) from
5.5MBq (150 mCi), and 21.2cGy (21.2rad) from a cumulative dose of 9.2 GBq
(250 mCi).* When it might be necessary to prescribe repeated large therapeu-
tic doses, sperm could be banked. Women who received ™'I had an earlier
menopause than women given suppressive doses of L-thyroxine to treat

oiter.”’
& Radiation pneumonitis and fibrosis after ''I has been described.* The
complication seems rare but the absence of new data and the adverse out-
comes in historic references are difficult to explain. The consensus is that a
retained dose of 80mCi or more (= 2.96GBq) "'I in the lungs should be
avoided.

In summary, "'l is well tolerated compared with systemic chemotherapy
and external radiation therapy. Nevertheless, there are early and late complica-
tions, some of which are troublesome such as permanent dry mouth and some
clinically serious such as second cancers. The expected benefits of treatment
have to be weighed against the risks for the individual patient. In the case of
a small cancer (< 2cm) that has been fully excised in a young patient, it is hard
to decide that the balance favors therapy.

Posttherapy Scintiscan

It is now routine to image the distribution of "' several days after its
administration. This is judged to be a sensitive investigation and several
authors report that more lesions are identified in comparison to pretreatment
diagnostic scan (Figure 5.9). I find this is seldom the case either for diagnostic
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P or I imaging. This is confirmed by other investigators.”* Nevertheless,
it is valuable to demonstrate that the treatment localized as intended. This can
also be used as a time to remeasure the emitted radiation and determine if the
radiation safety instructions can be withdrawn.

Follow-Up After Treatment of Cancer

After treatment by surgery and "'l it is important for the patient to be
followed long-term. Recurrences can occur and although most do so in the
first 5 years, a minority can occur over decades. There is no consensus about
a single investigation, or group of tests, but all are of the opinion that follow-
up for a long time is required. My approach is to check thyroid function and
Tg 8 weeks after therapy. The TSH would be adjusted depending on the sever-
ity of the cancer. In most patients, the goal would be a value between 0.1-
0.6mU/L. Tg would be compared with the pretreatment value and used for
comparison with subsequent measurements. An undetectable value is very
reassuring. Six months after therapy, a follow-up visit would include physical
examination of the neck, measurement of thyroid function, and Tg, After 1
year, a whole-body scan with measurement of a stimulated Tg is obtained
along with physical examination. An ultrasound of the neck can be included
at this time and some authorities might include that at the 6-month visit. There
are differences of opinion about the value of the diagnostic scan at this time.
In the low-risk patient, some omit the scan and measure a stimulated Tg. As
discussed previously, I prefer both. It is helpful and reassuring for the patient
to see the before-treatment and follow-up scans. In those with high-risk cancer,
all would accept that scan and Tg should be measured. The lack of consensus
here is whether the patient should be hypothyroid, or euthyroid and given
injections of rhTSH. The decision is best based on whether it is likely the
patient would need a second treatment with '*'I. Therefore, when the Tg
remains elevated and residual tissue is present, thyroid hormone would be
withdrawn. When Tg values are low or undetectable, the scan could be con-
ducted using rhTSH. Some authorities have a policy to repeat scans annually
for 5 years but that approach has gradually been altered in favor of less
imaging. Some physicians plan for two scans. When the first follow-up scan is
negative and the Tg is <2 ng/mL, I arrange visits at 6-month intervals for physi-
cal examination, thyroid function, and Tg measurement and occasional ultra-
sound. At 5 years, a second follow-up scan is obtained using rhTSH stimulation
and Tg is measured at that time. After that, annual visits are arranged until
the 10-year anniversary and then depending on patient level of concern the
visits are organized at 1- to 2-year intervals. When the patient needs a second
treatment with "'l or has a late recurrence, the type of testing and frequency
of clinic visits increases until a stable situation is reached.

In the patient who is treated by operation and no "I (see below), visits are
arranged at intervals of 6 months to palpate the neck and measure TSH and
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Tg. Periodic ultrasounds are usually obtained annually for 2-3 years and then
biannually.

External Radiation as an Alternative to 'l

Although there is a role for external radiation in a patient with anaplastic
cancer, skeletal metastases of differentiated thyroid cancer that do not trap
1, and invasive medullary cancer, it has no role in the routine management
of patients with Stage I and II or low MACIS or AGES (age, grade of tumor,
extent of tumor, tumor size) scores. External radiation damages the cells
without killing all of them. The cancer then fails to trap "*'I but can also become
more aggressive in behavior. Carr et al.* in 1958 called this a “common error
in the treatment of carcinoma of the thyroid.”

Controversies

There are many controversial aspects on the management of differentiated
thyroid cancer. This is difficult to understand because the prognosis is excel-
lent and most patients survive a normal lifespan and live normal, productive
lives. It is true that some patients have a relapse but these can usually be
treated successfully. Why is there so much controversy? One reason is that
there are no controlled trials. A second reason is related to the excellent prog-
nosis that results in physicians believing that they alone are responsible for
that outcome. The controversy about how much thyroid should be removed
by operation has been covered and is not repeated. Controversy about the dose
or preparation of thyroid hormone has also been covered. Here the topics are
related to radioactive iodine therapy.

Is 'l Necessary?

Earlier in the chapter, the review of the results of several investigators
seemed to demonstrate improved outcome in patients treated with *'I. Those
with metastases whose cancers trapped iodine and were treated with "'I lived
longer. The therapy can be shown to work by removing functioning tissue and
scintiscans after therapy demonstrate that thyroid cells in the thyroid bed or
in sites of metastases can no longer be imaged and have been successfully
ablated. Serum Tg values decrease after treatment and in many patients
become undetectable. It is comforting, even exciting, for patient and physician
to see the improved results on scan and serum tests. However, does the treat-
ment reduce the rate of recurrence or improve survival? Where is the objective
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data from a controlled trial in matched patients randomly selected for ™'

therapy or placebo managed by a defined protocol? Reliance has to be placed
on decision models, metaanalysis, or retrospective evaluations. In one com-
puter model of a patient with localized cancer, there was an improvement in
life expectancy of 4-8 months and the reduction in recurrence was deemed to
outweigh the risk of leukemia.”

Models cannot and do not take all factors into consideration. In the study
under discussion, leukemia was the only complication of **'I treatment that
was considered. These investigators also determined that it would be necessary
to enroll 4000 patients and follow them for 25 years to demonstrate a 10%
improvement in mortality. Sawka et al.*® presented a metaanalysis of whether
remnant ablation is effective. They confirm that they did not identify one
randomized, controlled study. They identified 23 articles that met stringent
inclusion criteria. Although the data from different reports were inconsistent,
when the data were pooled there was a reduction in recurrence (relative risk
0.31) and a slight reduction in distant metastases. The authors point out that
distant metastases are rare and in their analysis only occurred in 4% of those
who did not receive **'I. The article concludes, “In the meantime, the decision
for RAI (radioactive iodine) ablation must be individualized based on the risk
profile of the patient, as well as the patient and physician preference, while
balancing the risks and benefits.”

The investigators did not address complications from the treatment. A
permanently dry mouth is very unpleasant and can lead to dental caries and
although not life-threatening, cannot be condoned in patients who would not
benefit from 'I. The same applies to a small increase in cancer. Editorials
accompanying the original article come down on the side of favoring the
radioiodine treatment. Mazzaferri® argues that ablation allows accurate mea-
surement of a stimulated Tg and a negative posttherapy "*'I scan. The destruc-
tion of microscopic foci of cancer has theoretic and probably real value. He
identifies the reduction in mortality from thyroid cancer in women over recent
years; however, this is in part attributable to earlier diagnosis. Haugen® enti-
tles his contribution “Patients with Differentiated Thyroid Carcinoma Benefit
from Radioiodine Remnant Ablation” and concludes that older patients and
those with large cancers and lymph node metastases have a better outcome
when treated with *'I. He also confirms prior analysis that “the benefit of
radioiodine in younger patients with smaller tumors is less clear, and the
potential risks of therapy need to be thoroughly considered.”

Several retrospective analyses show an advantage from "'I.° Mazzaferri
and Jhiang* conducted a very detailed retrospective analysis of 1322 patients
with differentiated thyroid cancer who at onset did not have distant metasta-
ses. Twenty-three percent received treatment with radioiodine. The investiga-
tors found that older age, large cancer size, and local invasion increased the
risk of recurrence significantly. The relative risk of recurrence was 0.4 (95%
confidence intervals 0.2-0.9, P < .05) in those treated with "'I. The cancer-
specific mortality was 8% after 30 years. In these and all other reports concern-
ing ™I, it is difficult to know what were the clinical features or personal biases
that led to treatment of some patients but not others. The outcome was
improved by "'l in 303 patients treated in 14 US and Canadian centers.”
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Eighty-five percent of those with papillary cancer received this and there was
areduction in cancer-specific mortality and progression of disease. The benefit
was not statistically significant when patients with tall cell variant (to be dis-
cussed below) were excluded. The authors conclude that “this study supports
improvement in overall and cancer-specific mortality among patients with
papillary and follicular thyroid cancer after postoperative iodine-131 therapy.”
A cancer registry including 2282 patients from 76 hospitals in lllinois confirms
an improvement in survival after ' treatment.”?

In contrast, Hay et al.” have reported on the outcome in 2444 patients with
papillary cancer treated at the Mayo clinic. No difference in cancer-related
mortality or recurrence of cancer in 1917 patients with MACIS <6.0 was identi-
fied in those treated with "'I versus those who were not treated. The authors
do recommend "' for high-risk patients with MACIS scores > 6.0 who are at
greater risk of recurrence or death. In my experience, only 5.6% of patients
treated by thyroidectomy and no "'I were subsequently treated by operation,
1, or both.™ Contrary to conventional advice, Tg measurement was valuable
in this group and was low or undetectable and remained constant.

Not all patients with differentiated thyroid cancer need treatment with *'I.
Young patients with early disease have such a good prognosis that it would
not be possible to demonstrate a benefit. Evidence shows no reduction in
recurrence or mortality in patients with MACIS scores <6.0 who are treated
with *'I. Older patients, those with locally invasive disease, regional and or
distant metastases have less recurrences and mortality when treated.

Stunning?

Stunning is the term given when a diagnostic dose of radioiodine (**'I)
causes enough radiation to thyroid cells that the therapeutic dose of ' is not
able to be concentrated by those cells and the effect of therapy is compro-
mised.” Park et al.”® demonstrated that as the diagnostic dose increased, there
was an increasing percentage of patients whose posttherapy scan showed
reduced uptake. Other reports demonstrating stunning have been pub-
lished.”” Data opposed to the concept include the fact that '*' has been used
successfully for decades, there were no data describing this effect over decades,
plus several studies show no such effect.”* An in vitro experiment demon-
strated that as the absorbed dose of radiation increased from 1 to 30 Gy (100-
3000rad) the transport of iodine from the basal membrane to the apex
decreased. However, a recent unpublished report from the same group shows
this is time related and trapping is increased for 2-3 days after radiation and
then decreases. This almost certainly explains the disparate reports. Those
who do not find stunning treat immediately after the diagnostic scan; those
who find stunning treat later. An alternative explanation is that iodine is taken
up and released from different regions of thyroid tissue at different rates
(Figure 5.10).
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Figure 5.10. Spot views of the neck 1, 3, and 10 days after '*| and treatment with "*'|. With
the passage of time, the number of abnormal nodes imaged becomes less. Therefore, images
at 10 days might be interpreted as showing stunning, but the correct interpretation is differ-
ential rates of wash-out of ™'l from nodes.

Thyroglobulin-Positive, "*'I-Negative Patients

Not all patients who have negative scans have undetectable Tg values. This
indicates there are thyroid cells, most likely malignant, somewhere. It should
be kept in mind that Tg is not incorporated in any of the staging or prognostic
indices.'"® Technical factors should be reviewed including the TSH value,
energy settings of the camera, and possible exposure to iodine. Then there are
three approaches: one is to wait, two to treat with a high dose of "', and three
to use alternative imaging tests. Most patients with differentiated thyroid
cancer have an excellent prognosis, the mortality is low, and there is probably
no risk of waiting provided the patients are kept under observation and Tg is
measured periodically.

Data in favor of treatment with a large dose of "I include identifying
uptake on a posttherapy scan and finding a decrease in Tg.”'* There are no
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data to show prognosis is improved and some that it might be worsened by
this approach.'™® My experience in selected patients is that none was
improved, none had a significant decrease in Tg, and most required additional
tests to identify the source of Tg. High-dose "'I should not be advised when
there is obvious clinical disease. That should be treated by surgery or external
beam therapy depending on its site. High-dose "*'I might have a role when
there is no evidence of bulky disease in a patient who has a clear understanding
of the controversy who also recognizes that the Tg value will rarely become
undetectable. Figure 5.11A shows a diagnostic whole-body scan that is almost
negative (very faint lung uptake). Figure 5.11B shows significant lung uptake
after treatment with '*'I. This would be taken to favor empiric therapy; however,
the Tg value did not change, which must be considered as an argument against
this approach.

The third approach is to try to identify the source of Tg production by an
alternative imaging test or tests. Ultrasound is excellent but is dependent on
the size of nodes. However, criteria such as roundness, hypoechogenicity, loss
of the fatty hilum, and increased vascularity increase the sensitivity of the test.
Historically, thallium (*'Tl), *"Tc-sestamibi, *™Tc-tetrafosmin, and '"In-

Figure 5.11. A A diagnostic whole-body scan that is almost negative (very faint lung uptake)
and is not an absolute Tq positive, iodine negative. B Significant lung uptake after treatment
with '] However, the Tg value did not decrease.
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octreotide have been used but these have been replaced by positron emission
tomography (PET) and PET/computed tomography (CT) using "*FDG (fluoro-
deoxyglucose). Combined PET/CT provides functional images of FDG plus
attenuation correction and also provides anatomic images that can be read
side by side with the PET images. Combined PET/CT can explain that FDG
uptake is in muscles or brown fat rather than nodes, and false positives can
be reduced. Patients with high levels of Tg are more likely to have positive PET
scans, and lesions smaller than 5mm are often too small to be identified.
Intense uptake of FDG is a poor prognostic indicator and these lesions are
more likely to be resistant to **'I treatment.'” My experience with PET alone
is in more than 102 patients and with PET/CT in 90 studies. The latter had a
sensitivity of 87% and specificity of 80%. There might be an advantage from
a high TSH. Figure 5.12 is an example of PET/CT in a patient with negative
radioiodine scintiscan.

Our approach is that, after a lesion is identified by PET/CT, it is biopsied
usually under ultrasound guidance. At surgery, intraoperative ultrasound
pinpoints the lesion, which is excised, and an immediate intraoperative
ultrasound at that time demonstrates that the lesion is no longer there.'” Pre-
operatively, 11 of 13 had increased Tg values with a mean of 10.5ng/mL

PET

Figure 5.12. AnFDG PET/CT scan made 1 hour after intravenous injection of 15 mCi (555 MBqg)
FDG. The patient had a negative iodine scan and high Tg. There is intense uptake of FDG in
mediastinal and hilar nodes. Treatment with ™'l would be futile and potentially harmful.
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whereas TSH was low. Tg decreased in all patients to a mean of 0.84 ng/mL and
in seven it became undetectable. Therefore, we would prefer this approach to
treating Tg-positive, iodine-negative patients when the lesions are accessible.

Additional Methods of Treatment

External Radiation

When sites of thyroid cancer do not trap iodine and are in regions that are
not suited to operation, they can be treated by external radiation.

Embolization of Cancer

Bulky symptomatic lesions, in particular those in the skeleton, can be
reduced in size by embolization of their arterial supply using particles such as
polyvinyl alcohol, sponges, or microcoils. Investigators interested in the pro-
cedure have administered therapeutic **'I and after a short delay shrunk the
lesion by arterial embolization."”

Methods to Induce Redifferentiation of the Cancer

Retinoic Acid

Retinoic acid increases mRNA for NIS in cultured thyroid cancer cells and
increases trapping of radioiodine.'” In patients, the dose is 1.5mg/kg daily
for at least 5 weeks. One report in 50 patients demonstrated that Tg values
decreased or stabilized in 20 patients (40%).'” Other investigators find the
response to be disappointing and conclude, “An indiscriminate use of isotreti-
noin in all patients with otherwise untreatable thyroid cancer cannot be
recommended.”"’

Lithium

Lithium inhibits the release of iodine and thyroid hormone from thyroid.
This could increase the residency or T of the radioiodine. The data are
mixed. Schraube et al.'! reported that neither the uptake nor retention of '
was altered. A positive report described an increase in T, ,; of 50% and suggests
this could be a useful adjunct.""* When I have prescribed lithium, the uptake
was still low and there seemed to be little benefit. Six hundred milligrams is
administered followed by 300 mg three times a day with the aim of having a
serum lithium between 0.6-1.2mEq/L.
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6. Differentiated Thyroid Cancer:
Rare Clinical Situations

Familial Differentiated Thyroid Cancer

The significance of differentiated thyroid cancers demonstrating familial
aggregations has only recently been generally accepted."” Familial thyroid
cancer could be the result of chance, a common etiologic factor, or genetic.
When there are three first-degree relatives with thyroid cancer, chance becomes
increasingly unlikely.** At this time, there is no single causal gene. Familial
differentiated thyroid cancer is thought by some to have a poorer prognosis.>®
In 258 families with two or more differentiated thyroid cancers compared with
6200 sporadic cases, multifocal disease was present in 40.7% versus 29.8%, and
recurrence rate was 16.3% versus 9.6%.° My experience with 34 families with
two or more cases is that the outcome is similar to sporadic cancer. Associated
disorders include familial adenomatous polyposis, Cowden’s disease, Gard-
ner’s syndrome, and Peutz-Jeghers’ syndrome. Total thyroidectomy is advised
and when the cancer is large and there is local invasion or nodal or distant
metastases, "*'I treatment is recommended. Patients would be followed by
periodic clinical examination, measurement of thyroglobulin (Tg) and thyroid
function, and imaging test such as '*’I scintigraphy and ultrasound. In families
with three or more cancers, prospective evaluation of other members by
careful palpation of the thyroid should be conducted.

Thyroid Cancer and End-Stage Renal Disease

Rarely a patient with end-stage renal disease has thyroid cancer and it is
possible to treat a patient on dialysis with ™'I.” Each hemodialysis results in a
reduction of about 60% of the radioactivity. Using dosimetric calculations
based on whole-body measurements of a tracer of 'I before and after two sets
of dialysis dosimetry, we treated a patient on two occasions with 100mCi
(3.7GBq). Other clinicians also recommend dosimetry.? In contrast, peritoneal
dialysis reduces the radiation by only 10%-20% and the safe administered
dose is 20-25mCi (740-925MBq).” Thus, the situation differs regarding
whether the patient is on mechanical or peritoneal dialysis and dosimetry;
therefore, ensuring that the blood and marrow are not exposed to an excessive
absorbed dose is strongly advised in both.
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Differentiated Thyroid Cancer Arising in Ectopic Sites

Cancer in Thyroglossal Tract

Thyroid cancers can occur in thyroglossal cysts and in ectopic thyroid.
Cancers in thyroglossal cysts are more common but these are still quite rare.
Heshmati et al." in their 1997 report of 12 patients indicated that there were
fewer than 200 cases in the literature. Thyroglossal duct cancer is slightly more
common in women and the average age of the patients is about 40-45 years.
A recent report of the literature identified only 17 cancers in patients younger
than 16 years of age contrasting with the 7% incidence in thyroglossal rem-
nants."! Approximately 80%-90% of thyroglossal cyst cancers are papillary."
The correct operation for thyroglossal cyst whether benign or malignant is the
Sistrunk procedure. This involves removal of the thyroglossal tract from the
base of the tongue, a small segment on the hyoid bone, the cyst, and the tract
down to the isthmus of the thyroid. Some believe that the Sistrunk procedure
is sufficient therapy for thyroglossal cyst cancer but others recommend total
thyroidectomy as well.”” The cancer might have arisen in the thyroid and
migrated along the thyroglossal duct into the cyst. When a thyroglossal cyst
is found to contain a cancer, clinical examination and ultrasound of the thyroid
are recommended to ensure there is no mass in the thyroid. Then thyroidec-
tomy may not be necessary and follow-up by clinical examination annually for
several years is reasonable. When there is a thyroid mass, the gland should be
removed, i.e., total thyroidectomy and Sistrunk procedure. Then treatment of
residual functioning tissue with *'1 is advised. However, in practice, thyroglos-
sal duct cancer is usually an unexpected finding on histologic examination of
a surgically removed thyroglossal cyst and the decision regarding thyroidec-
tomy is secondary. Distant metastases and death from this cancer are extremely
rare.

Cancer in Lingual Thyroid

Lingual thyroid cancer is very rare and a recent article identified only 28
cases." The majority are follicular. When the lingual thyroid does not shrink
after treatment with L-thyroxine or when the lesion is bleeding or ulcerated, a
biopsy should be obtained. Lingual thyroid cancer is best treated by surgery.
The correct surgical approach depends on the specific skills of the surgeon and
the size and stage of the cancer. The goal of surgery is to remove all normal
and malignant thyroid cells but when the cancer is large and invasive the
procedure will be damaging to the tongue. The ectopic tissue is usually the
only site of functioning thyroid. After surgical excision, there is a role for
scanning with radioiodine using the techniques discussed previously.”” Abnor-
mal uptake can be treated with 'L The patient should then be treated for life
with an adequate dose of levothyroxine and followed with the same protocol
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for intrathyroidal cancer by scintiscan, ultrasound, and measurement of Tg
and thyroid function.

Malignant Struma Ovarii

Struma ovarii is a teratoma in which more than 50% is thyroid. Struma
ovarii can be asymptomatic, it can present as an ovarian mass, it is a rare cause
of thyrotoxicosis, and it can produce ascites.' A struma ovarii should be
removed surgically and it is usually a postoperative histologic diagnosis. Most
struma ovarii are benign and to establish that one is malignant some authori-
ties require evidence of capsular or vascular invasion, peritoneal involvement,
or metastases. The intermingling of tissues of different lineage is insufficient
evidence to determine the lesion is malignant. About 70% of malignant struma
ovarii are papillary cancers or variants and 30% follicular.”” Follicular cancers
are more likely to metastasize widely and they have the same predilection for
the skeleton and lungs.'*" There is a higher probability of liver metastases with
malignant struma ovarii compared with primary thyroid cancer.”

When distant metastases containing cancerous thyroid are identified, it is
important to exclude thyroid cancer in the cervical position as the site of the
primary lesion. If this is confirmed, the struma ovarii has to be malignant. This
also excludes the very rare chance of a primary thyroid cancer metastasizing
to the ovary. When the malignant struma ovarii has been completely removed
surgically, there is no need for additional surgery on the thyroid and there is
no need for radical hysterectomy and bilateral oophorectomy.” Distant metas-
tases from a malignant struma ovarii are rare. None of 13 patients in one series
developed metastases.”” Pardo-Mindan and Vazquez® identified 18 reports in
the world literature. My colleagues and I have added two others.”®* A 42-year-
old woman presented with spinal cord compression at the level of T2; the other
patient had widespread hepatic metastases identified when she was investi-
gated for severe abdominal pain. When there are distant metastases, it is
important to remove the thyroid for two reasons: first, to ensure there is no
evidence of primary thyroid cancer,”*” and second, it makes treatment of
functioning metastases with ' possible. Therefore, a patient with functioning
metastases is treated by surgery of the primary lesion, the thyroid, and bulky
metastases followed by “'I.

Variants of Papillary Cancer

Follicular Variant of Papillary Cancer

Approximately 10% of papillary cancers are of the follicular variant. Eighty
percent of the cancer should be follicular in appearance. The nuclear features
are identical to papillary cancer and this establishes that the lesion is papillary
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and not follicular cancer. There is no prognostic significance of this pathologic
diagnosis and its natural history is similar to the standard papillary thyroid
cancer and its management is exactly the same.

Tall Cell Variant of Papillary Cancer

Tall cell papillary cancer is a pathologic variant that is more aggressive
clinically. The cells are at least twice as long as their breadth. There is usually
local invasion, and nodal metastases. Recurrences and a higher death rate are
anticipated. The patients are older than for standard papillary cancer and the
cancer is larger. The first investigation should be fine needle aspiration (FNA).
Therapy is designed to remove all cancer. Thyroidectomy should be complete
and abnormal lymph nodes removed by modified neck dissection. Residual
functioning thyroid should be ablated with "*'I. Cancerous tall cells often lack
sodium jodide symporter and there can be residual disease that is not identi-
fied on scan. The patient is “scan negative, Tg positive.” There is a role for
positron emission tomography (PET) or PET/computed tomography (CT) to
identify the site of Tg production.

Columnar Cell Variant of Papillary Cancer

This cancer is also associated with a bad prognosis. The cancerous cells
look like respiratory epithelium. The pathologic hallmarks are columnar shape
of the follicular cells, nuclear pseudostratification, prominent papulations,
cytoplasmic clearing, and subnuclear vacuolization. There can be a question
whether the cancer is actually a metastasis from adenocarcinoma of the naso-
pharynx, lung, ovary, or colon, but columnar cell cancer stains positively for
Tg and thyroid transcription factor-1. The patient is usually elderly and has a
new thyroid nodule that is hard and irregular. Total thyroidectomy rather than
lobectomy is undertaken. This is a rare variant and there are only a few reports
of diagnosis by FNA. Patients often have metastases at presentation. "' treat-
ment to ablate residual thyroid and functioning metastases is reccommended.
This cancer has a significantly poorer prognosis than papillary thyroid cancer
and many of the patient reports end with death.

Solid (Trabecular) Variant of Papillary Cancer

This cancer consists of solid nests of thyroid cells and 70% of the cancer
should be solid for this designation. The nuclear features are typical of papil-
lary cancer including nuclear clearing, pseudoinclusions, and nuclear grooves.
This pathologic appearance has been described in children exposed to radioac-
tive fallout from Chernobyl. There is a strong correlation with RET/PTC3
rearrangement in these children.” The patient is usually a child or young adult,
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with a 3:1 ratio of women to men. Once the diagnosis is established by FNA,
the patient should undergo a total thyroidectomy with removal of abnormal
nodes. Postoperative treatment with *'I to ablate residual thyroid and metas-
tases is recommended. This variant is more aggressive than classical papillary
cancer and there is higher probability of distant metastases. Ninety percent
survival after an average follow-up of 18.7 years has been reported.”

Insular Cancer (Poorly Differentiated Cancer)

Insular cancer lies pathologically and clinically between differentiated
thyroid cancers and anaplastic cancer. This is also called poorly differentiated
thyroid cancer. And occasionally, “poorly differentiated insular cancer.”
About 1%-4% of thyroid cancers are of this variety. The patients are usually
40-60 years of age but there are reports of children as young as 10 years and
adolescents with this diagnosis. There is approximately a 2:1 ratio of women
to men. The cancer is often large and causes local pressure on breathing and
swallowing. FNA is advised and although a diagnosis of cancer is established
the specific diagnosis of insular cancer can be difficult because of nonspecific
cytopathologic findings. When nests of cells 0.2-0.4 mm in diameter are noted
on a cytology specimen, insular cancer is likely.” Distant metastases to the
lung or bones can be the presenting feature. The odds ratio of developing
distant metastases when there is an insular component is 17 (P <.0001).” The
cancers are large with a high incidence of capsular and vascular invasion. One
study in 46 specimens with insular features demonstrated a mutation in the
cancer suppressor p53 gene.” Retrospective reviews of some anaplastic cancers
can result in reclassification as poorly differentiated insular cancers. The stan-
dard therapy is total thyroidectomy, removal of suspicious cervical lymph
nodes, and postoperative radioiodine "*'I. A proportion of insular cancers and
their metastases do not trap iodine. However, there are rare reports of distant
metastases, including skeletal metastases, demonstrating uptake. When there
is uncertainty about the stage or extent of disease, "*F-fluorodeoxyglucose
(FDG) PET/CT scan should be considered.

Patients with insular cancer of the thyroid have a prognosis that is worse
than papillary or follicular cancer but better than anaplastic cancer. Because
of the aggressive nature of the cancer and its potential for local and distant
spread, there is an argument for more complete surgery and larger doses of
P to try to remove all cancer cells at the time of presentation.

Variants of Follicular Cancer: Hiirthle Cell Cancer

Hiirthle cells are follicular cells with abundant cytoplasmic mitochon-
dria.” They can be identified in Hashimoto’s thyroiditis, Graves’ disease, in
addition to neoplasia. The cells look active but paradoxically they do not trap
iodine. The patient is older (average 50-60 years), the cancer is more aggres-
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sive, and its management different. Therefore, many authorities classify
Hiirthle cell cancers separately from differentiated thyroid cancer.”” Contro-
versies are how to distinguish Hiirthle cell carcinoma from Hiirthle cell
adenoma and how to treat and follow patients with proven Hiirthle cell cancer.
To establish that the lesion is cancer, there has to be evidence of regional, or
distant metastases, or pathologically the lesion should demonstrate angioinva-
sion, or capsular invasion. One group use three clinical categories: widely
invasive cancer, minimally invasive cancer, and tumors of unknown malignant
behavior.” These cannot be differentiated cytologically. The definitive diagno-
sis depends on histopathology but even then there can be differences of
opinion. The differentiation of benign from malignant Hiirthle cell neoplasm
is not always straightforward and a second pathologic opinion is warranted in
borderline cases.

The patient presents with a nodule. There is a 2:1 ratio of women to men.
In one series, 9% of the patients were diagnosed from a distant metastasis.”
Free T4 and thyrotropin should be ordered and FNA undertaken. The FNA
report will generally be worded, “Hiirthle cell neoplasm, it is not possible to
differentiate Hiirthle cell adenoma from Hiirthle cell carcinoma: recommend
surgical excision.” The dilemma is whether to advise a lobectomy, versus total
thyroidectomy. The authorities from the University of Michigan recommend
when the lesion is >2cm, it should be considered malignant and the entire
thyroid be removed.” This is based on finding metastases on follow-up in 3 of
26 patients whose pathology was judged to be benign but who had large
lesions. Intraoperative frozen section only helps determine the extent of opera-
tion in 1 of 5 patients.* This frequently results in only a lobe being removed
and the need to complete the thyroidectomy when the final pathology confirms
features of cancer. '"'I is advised for patients with large cancers, widely invasive
cancers, those with high Tg values after surgery, and those with local invasion.
However, metastases from Hiirthle cell cancer seldom trap radioiodine; there-
fore, this therapy is generally of no benefit when the cancer has spread. The
purpose of radioiodine is to remove functioning thyroid, and then Tg should
be measured. If Tg is undetectable, it is likely the patient has been cured. The
higher the Tg value after thyroidectomy and "I, the more likely there is
residual disease or distant metastases. *"FDG-PET/CT has excellent sensitivity
for identifying metastases.” When PET is not available, ™Tc-sestamibi can be
useful. Once the site of metastatic cancer is identified, a decision about surgery
versus external radiation can be made based on the location of the lesion.
Cancers larger than 4cm with extensive capsular and angioinvasion, lymph
node and distant metastases, have a poor prognosis. Older patients also have
a poorer prognosis.
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7. Differentiated Thyroid Cancer
in Children

Thyroid cancer arising from the follicular cells in children is rare and few
physicians have experience with its diagnosis and management. Also, few
surgeons are trained in conducting thyroidectomies in children. There are
some differences in thyroid cancer in children compared with adults. The
cancers in pediatric patients are almost all papillary and more advanced. The
primary cancer is often larger than in adults plus multifocality and local inva-
sion are more common as are metastases to cervical lymph nodes and distant
metastases to the lungs. The recurrence rate is also higher. Complications of
treatment are more common and have to be lived with for many decades. The
parents want to know the implications of the disease and treatments on lon-
gevity, fertility, and unborn grandchildren. The doctor needs to be constantly
there for the patient and family. The role of radiation and genetics as causal
factors was presented in Chapter 1.

Incidence

Approximately 7.5% of childhood cancers are thyroidal (1-3 per million
children).! In 15-19 year olds, thyroid cancer ranks eighth but because there
are 4 times as many women with this cancer, it is the second most common
tumor in women of this age. In prepubertal children, there is a small excess of
males.” My experience is with 71 children 20 years of age or younger (average
14.7 years). Fifty-three (75%) are women. Eleven patients were 10 years or
younger. In the United Kingdom, only 154 cases of thyroid cancer were
reported in children under the age of 15 years over 3 decades.

Presentation and Diagnosis

The cancer usually presents as a nodule in the thyroid or as metastases to
cervical lymph nodes. Most pediatricians have never seen a patient with
thyroid cancer but they all see many children with enlarged cervical nodes.
Therefore, the likelihood that a child with a neck swelling has thyroid cancer
is small and usually not considered. Thyroid nodules are rare in children but
the risk of the nodule being a cancer is proportionately greater. An explanation
for the more advanced disease in the pediatric patient is a delay in diagnosis.
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Expeditious workup of a child with a thyroid nodule, an enlarging thyroid, or
enlarged cervical lymph nodes should be stressed. The best investigation is
fine needle aspiration (FNA) of the thyroid nodule, or lymph node.’ Thyroid
scintiscan is of almost no value in children with a thyroid nodule. Functioning
nodules are very rare in children but they have a risk of being malignant.!
Therefore, it does not matter whether the thyroid nodule is “hot” or “cold” on
scan—the risk of cancer is there. In a multicenter study, the positive predictive
value (PPV) of thyroid scintiscan was 12% and the negative predictive value
(NPV) 68%.” The PPV for ultrasound was also low at 15%. In contrast, the PPV
and NPV for FNA were 67% and 100%, respectively. FNA is accurate and the
best single test to differentiate a benign from a malignant thyroid nodule.
Thyroid ultrasound can help direct FNA. There is value of having a cytology
technologist present during the procedure to stain the specimen and make a
judgment that there are sufficient cells for interpretation. There should be no
need for a repeat biopsy. If a second FNA is necessary, the results are improved
with the use of ultrasound guidance. When the FNA is adequate and unequivo-
cally benign and the nodule is not too large or clinically suspicious, it is rea-
sonable to follow the patient. Annual clinic visits should be arranged for
careful examination to determine the size and consistency of the nodule and
whether there is any evidence of fixation. The cervical nodes should be exam-
ined. An ultrasound is valuable for an accurate measurement of length, width,
and depth of the nodule. Any increase in size or change in characteristics of
the nodule would be an indication for a repeat FNA and if the result is not
benign the patient is referred to a skilled surgeon.

Most pediatric thyroid cancers are papillary with a high incidence of mul-
tifocality and invasion and lymph metastases, therefore total thyroidectomy is
the optimal operation. A child with a thyroid nodule should not be referred
for surgery without an FNA. However, in a multicenter study conducted by
the Surgical Discipline Committee of the Children’s Cancer Group, only 25%
of 327 patients with thyroid cancer had a preoperative FNA.® The surgeon then
has to rely on a frozen-section, intraoperative diagnosis to direct the extent of
the operation and that interpretation is often indeterminate. This results in a
decision to remove the lobe containing the nodule. When the definitive diag-
nosis of cancer is made several days later, the patient and family are advised
that completion of thyroidectomy is required. The complication rate is higher
in “redo” procedures. In contrast, when the diagnosis is established preopera-
tively, only one operation is necessary.

Occasionally there can be cancer, usually papillary in type within a thyro-
glossal duct cyst. Because fewer than 1% of thyroglossal cysts contain a cancer,
the cost effectiveness of FNA in children is debatable. In a review of the world
literature of cancer in thyroglossal duct cyst, there were only 17 patients under
the age of 16.” This contrasts with the fact that thyroglossal cysts are the second
most common cause of a nodule in the neck of children. When there is cancer,
there is some debate whether the Sistrunk operation alone is sufficient or
whether it should be coupled with thyroidectomy. The reasons for thyroidec-
tomy are that there can be cancer in the thyroid in 30%-40%, nodal metastases
cannot be treated with "*'1 until the thyroid is removed and thyroglobulin (Tg)
is not such a reliable tumor marker when the thyroid remains. When the



102 Thyroid Cancer in Clinical Practice

cancer in the thyroglossal duct is small and fully excised and when there is no
palpable mass or abnormality on ultrasound of the thyroid, the Sistrunk oper-
ation is sufficient and the long-term results are excellent. A large, invasive
thyroglossal duct cancer, the presence of a thyroid mass, or metastases in
cervical nodes dictate that thyroidectomy is also required.

Pathology

In regions of high intake of dietary iodine, 85%-95% of thyroid cancers
are papillary, and in iodine-deficient regions, this decreases to 60%-80%. At
Stanford, 65 of 71 (91%) cancers in pediatric patients are papillary. The cancers
are frequently multifocal. The average size is 3-4cm.® Local invasion is
common and lymph node metastases are found in more than 50% of patients.
Distant metastases are reported in about 20%, most often to the lungs. In my
experience, 76% had lymph node metastases and 34% pulmonary involve-
ment. The histologic type of cancer in those exposed to nuclear fallout is
commonly the solid variant of papillary cancer, which is more aggressive and
there are reports of children dying from this cancer.® When a patient has had
thyroidectomy and is referred for a consultation or for postoperative ', it is
important to review the pathology slides to confirm the diagnosis and define
the size of the cancer, invasion, and identify any unusual histopathology. Very
rarely, poorly differentiated cancer such as insular or anaplastic occurs in a
child.’

Treatment

Total (near total) thyroidectomy, with removal of abnormal lymph nodes,
is critical. In selected patients, "' is prescribed after the operation and thyroid
hormone is prescribed for life.

Surgery

A skilled surgeon who can remove the thyroid in a child without producing
complications is important. Retrospective studies show a higher recurrence
rate after lobectomy.'™’ Complications of surgery include damage to the
recurrent laryngeal nerves, the superior laryngeal nerve, parathyroids, and in
rare situations the spinal accessory nerve or the cervical sympathetic nerve.
Between 10%-20% of pediatric patients have surgical complications.'*" When
the cancer is small and fully excised, lobectomy (plus isthmusectomy) might
suffice." However, the data presented above indicate that many cancers are
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multifocal and many patients have lymph node and pulmonary metastases.
Local recurrence is more likely and treatment of metastases with 'l is difficult
when there is a lobe of normal thyroid. One study reevaluated 47 children from
Belarus whose parents desired a second opinion in Pisa, Italy."” Based on
pathology and scintigraphic data, residual or metastatic thyroid cancer was
identified in 61% of these patients. These data argue for a more complete
primary operation by a skilled and experienced surgeon.

Thyroid Hormone

Thyroid hormone will be required for life. It is difficult for a child to be
compulsive about taking a pill daily. The need must be reinforced at each clinic
visit. It is impracticable to expect a child, or adolescent, to ingest thyroid
hormone 1 hour before breakfast recognizing that food has an effect on
absorption. The correct dose of L-thyroxine can be determined by testing
thyroid function and adjusting the dose as necessary. Children require a higher
dose than adults relative to their weight. The dose of L-thyroxine necessary to
keep thyrotropin (TSH) at the low end of the range is close to 1ug/lb. body
weight. The importance of measuring serum TSH is stressed.

Radioiodine

Most authorities treat with "I after surgery.' In contrast, physicians at
the Mayo Clinic do not recommend ™I and rely on surgery and thyroid
hormone.”” They demonstrated an excellent outcome in 58 children of whom
only 17% received postoperative "*'I. Eighty-six percent with pulmonary
metastases were treated with "*'I. Ten of the patients that I have managed were
not treated with radioiodine but they had early disease. The differences in
opinion about ' are in part the result of the paradoxic presentation versus
course of the cancer. The disease is advanced but children do not die from this
cancer. When the cancer is <1.5cm, single, noninvasive, and fully excised by
an appropriate operation, there is no evidence that '*'I will reduce the recur-
rence rate, or improve survival.

When a decision is made to consider ™'I, the protocol is to withdraw
thyroid hormone (thyroxine) for 4 weeks, or to wait 4 weeks from the time of
thyroidectomy. It is very helpful to meet with the patient and parents to
discuss the protocol and to give time for the family to plan and have any ques-
tions answered. It is possible to engage the patient as well as the parents with
all aspects of this treatment unless the child is very young. The planning
includes not only the dates for scanning but also treatment. Most children
tolerate hypothyroidism well but the symptoms they will experience should be
discussed. A low iodine diet should be provided. This advises a list of foods
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that can be eaten and those that should be avoided for 2 weeks before and
through testing and treatment. The diet available from www.thyca.org is
helpful. After 4 weeks, blood is drawn for measurement of TSH, Tg, and in
women after menarche a pregnancy test. I arrange treatment on the same day
as the diagnostic scan. Therefore, when the patient needs to be admitted to
hospital, the room is available, the necessary authorizations from the insur-
ance company are in place, and radiation safety officers informed. Some physi-
cians proceed straight to '*'I treatment but most authorities obtain a whole-body
scan with a diagnostic dose of radioiodine to identify the extent of residual
disease. Historically, "*'I was and still is prescribed for the diagnostic scan. The
usual dose is 37-155MBq (1-5mCi). In the past, I used 37-74 MBq (1-2 mCi)
and scanned after 48-72 hours. Some experts are concerned that diagnostic
“'I might cause “stunning,” meaning that the radiation delivered to the thyroid
by the diagnostic dose of "*'I could cause sufficient cellular damage that the
therapeutic dose of **'I would not be trapped, or have less effect.”® I did not
find that, provided the dose of "*'I was 74 MBq (2 mCi) or less and the treatment
was administered as soon after diagnostic scanning as possible.'” More recently,
several groups have recommended '*I that emits only photons and subjects
the patient and thyroid to less radiation than '1’**' '*I images are superior
and can be extended to 48 hours when 4-5mCi (148-185 MBq) is administered
(Figure 7.1). The diagnostic scan allows the amount of residual thyroid to be
determined, and when adequate surgery has been conducted, it also allows
functioning metastases to be identified. Therefore, the therapeutic dose can be
prescribed with knowledge of this information. Those who proceed directly to
therapy have to make an empiric judgment about what therapeutic dose to
administer. Figure 7.2 is a posttherapy scan in a young patient who has pul-
monary metastases but had no diagnostic scan and was treated elsewhere with
a small dose of I for “ablation” of residual thyroid. It was not successful.
A diagnostic scan would likely have caused a larger therapy dose to be
administered.

There is little in the literature about the specific dose of "*'. Mazzaferri*
recommends 1.1GBq (30mCi) for ablation of thyroid remnants. The same
dose is recommended by Hung and Sarlis.”” Others administer doses of 0.925-
5.5GBq "' (25-150 mCi) for ablation.” An average first dose of 2.5 £ 0.96 GBq
(67.5 £ 26 mCi) was administered by Chow et al.” The dose should be related
to the size of the patient, their age, and the extent of disease. In children of 80
pounds (36kg), 1.1-2.8 GBq (30-75mCi) would be reasonable. When there is
local invasion or nodal metastases, the range of doses would be between 3.7-
5.5GBq (100-150 mCi) 'I. In the case of pulmonary metastases, depending on
size, 1.85-5.5GBq (50-150 mCi), and for bone metastases that are uncommon
in children, 3.7-7.4 GBq (100-200 mCi), are advised. For smaller and younger
children, the administered dose would be reduced. Grigsby et al.*® prescribed
0.74-1.48 GBq (20-40mCi) in children 6 years of age or younger. One patient
aged 7 years received 4.4 GBq (120 mCi) and the cumulative doses of *' in 46
patients ranged from 1.1 to 30 GBq (31-810 mCi). This was similar to the range
0f 0.74-21.5 GBq (20-580 mCi) in the report of Chow et al.” and the maximum
cumulative dose of 32.7GBq (885mCi) administered by Haveman et al.** A
series of patients with pulmonary metastases received cumulative doses of
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Figure 7.1. A Anterior and posterior whole-body scan made 24 hours after 74mBq "I. It
demonstrates multiple, functioning nodal metastases and diffuse, pulmonary metastases
bilaterally. B Posttherapy scan demonstrating an identical pattern after treatment with "'l.

4.6-38.7GBq (125mCi to 1.05Ci).” In each of these reports, some patients
received four or more treatments. Smaller doses were administered by other
investigators, 0.37-1.85GBq (10-50mCi) for ablation and 1.85-3.7 GBq (50~
100 mCi), to treat local or distant metastases.” It could be argued that the lower
dose might work and when it does not a second dose can be prescribed. Most
would advise the higher range with the concept of treating effectively on the
first occasion. There is no controlled trial to judge the success of treatment.
Some authorities place an upper limit of 22.2 MBq (600 mCi).” This is based
on two concerns. First, that a higher dose could increase the risk of complica-
tions such as second cancers or marrow aplasia, and second, when this quan-
tity has not worked, it is unlikely that an additional dose will. In patients with
extensive metastases, it is reasonable to obtain objective data that the blood
would not receive an absorbed dose of 200 rad (2 Gy) or that 80 mCi would be
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Figure 7.2. Posttherapy scan from an outside hospital processed 5 days after 1.85GBq
(50mCi) ™'1. There are functioning nodal metastases (solid arrow) and diffuse lung uptake
bilaterally from miliary metastases (dotted arrow). If a diagnostic scan had been obtained first,
it is likely the patient would have been treated with a substantially larger dose.

retained in the lungs.” This can be obtained by using counts over the lung and
whole body at 48 hours after the administration of the diagnostic tracer of
radioiodine. Alternatively, the simple method of Sisson et al.”' is to use a probe
at a distance of 2.5m and compare an early whole-body count at 1-2 hours
and the 48-hour measurement.
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There are important logistical issues. Usually, the diagnostic and therapeu-
tic radioiodine is packaged in capsule form. Some small children have diffi-
culty swallowing capsules. This should be assessed ahead of time and when
necessary radioiodine can be obtained in liquid form. In adults, recombinant
human TSH (rhTSH) has become a very important tool for conducting whole-
body scintigraphy and measuring TSH-stimulated Tg.”” rhTSH has not been
approved for use in patients younger than 16 years of age and there are very
few published data.”

Radiation Safety

For small doses of diagnostic "'l and for '”I, radiation safety issues are
simple, but for therapeutic doses of 'l it is usually necessary to admit the
patient to hospital. Readers should be cognizant of the regulations that apply
in their country or state. In California, a patient can be released home when
any one of the following pertains: 1) the patient receives 1.2GBq (33 mCi) or
less; 2) the emitted radiation is 7mrem/h at 1 m or less; 3) no adult member
of the public could receive 5mSv (500 mrem) from the patient. The first two
are easy to document. In the case of a patient receiving 3.7 MBq (100 mCi), the
emitted radiation is approximately 20 mrem/h at 1 m at the time of treatment.
If the patient is to be discharged, the treating physician has to document that
the home situation would make it impossible for other members of the family
to receive 5mSv (500 mrem). The child would need to be an appropriate age
and intellect so that an informed discussion about radiation safety can be
conducted. The child should have a separate bedroom and preferably a sepa-
rate bathroom. The distance and time (occupancy factor) other members of
the house are from the patient must be predetermined. This allows a calcula-
tion about the decision to discharge the patient, or to admit to hospital. In one
study, the radiation doses to family members and pets from radioactive
patients were measured. The mean dose to 64 family members was 0.24 mSv
demonstrating that patients can be discharged after large doses of "*'I and the
physician can comply with regulations. When there are young siblings or a
pregnant relative in the home, or the living circumstances are cramped, it is
preferable to admit the child to hospital. The treating physician and a member
of the radiation safety group should review radiation safety issues with the
nursing team.

Management After 'l Treatment

The patient starts thyroid hormone and regular diet 24 hours after "'l
treatment. A posttherapy scan is obtained after 5-8 days. Occasionally, that
scan can show better uptake in lesions and in rare cases it demonstrates new
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lesions. In my experience, when near total thyroidectomy is achieved and the
patient studied by whole-body scan at the time TSH is >50mU/L and on a low
iodine diet, the posttreatment scan seldom increases the stage of disease but
it confirms the therapy was concentrated and retained at the desired sites. At
this appointment, the emitted radiation can be measured at a distance of a
meter and this allows an informed decision about whether to maintain radia-
tion safety regulations or to permit the child back to school, etc.

The patient returns after about 8 weeks for examination and for measure-
ment of thyroid function, Tg, and if applicable calcium. Plans are made for a
follow-up scan with measurement of stimulated Tg 6-12 months after the
original therapy. It is usually more convenient to arrange this during school
vacation because of the hypothyroidism, low iodine diet, absence from classes,
and radioactivity (albeit relatively low dose). When the scan is negative and
stimulated Tg low, I arrange follow-up at 6-month intervals. These visits
include careful examination of the neck and measurement of thyroid function
and Tg. Ultrasound of the neck can be obtained at intervals of 1-2 years. It is
reasonable to rescan at 2 years. I think it is also reasonable provided the first
scan and stimulated Tg are negative and nonstimulated Tg values are consis-
tently undetectable to wait until 5 years to rescan and measure stimulated Tg.
The fact that recurrences can occur is the driving force for long-term follow-
up. When the follow-up scan and Tg are positive and there is no palpable
disease, consideration should be given for additional '*'I. This is more likely
in the case of distant metastases. Pulmonary lesions are usually micronodular
in children and they can be imperceptible on chest roentgenogram and even
computed tomography (CT). They can be identified on diagnostic whole-body
scan and posttreatment scan, the latter having a higher sensitivity. Sisson
et al.”” comment that the majority of the energy of 3 particles of "*'I is deposited
outside of millimeter-sized nodules. When the roentgenogram is normal and
Tg low the benefit of repeated doses of "'l in relation to risk decreases as the
cumulative administered dose increases. Schlumberger” recommends a limit
of 22.2GBq (600 mCi).

False-Positive Scans

The normal distribution of radioiodine should be to residual thyroid and
functioning metastases that are most often in regional cervical nodes and the
lungs, salivary glands, stomach and intestines, and urinary tract. Diffuse
uptake in the liver is seen on posttherapy scans made 4-8 days after treat-
ment.”® When a diagnostic scan shows accumulation of radioiodine in an
unusual site, the physician should take time to determine whether this is a true
or false positive. Carlisle et al.” have published an extensive list of false-
positive findings including the references. The scan should be reviewed for
technical qualities and compared with serum Tg because metastases are very
uncommon when a stimulated Tg is undetectable. The most likely cause of a
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false positive is contaminant with radioactive saliva, mucus, or urine and sites
that are superficial should be washed and the area rescanned.

Complications and Long-Term Problems After ™*'l

An antiemetic can be prescribed when a large dose of "'l is administered.
Swelling of the salivary glands can occur but chronic salivary problems and
permanent dryness of the mouth are rare in children. Concerns about fertility
of the child and the effect of ™I on future offspring are important. Two
hundred seventy-six of 496 women under the age of 40 at the time of "*'I treat-
ment gave birth to 427 children and there were no congenital abnormalities.”
Only one woman who desired a baby was unable to conceive. In another ret-
rospective review, the pregnancies and offspring of 70 women aged 15-36
years who were treated with a mean dose of 4.39 MBq (118 mCi) "*'I were evalu-
ated.” There were two miscarriages and of 73 children, three had low birth
weight and one had tetralogy of Fallot. The fertility and offspring of 627
women who were treated with '] were compared with 187 patients who did
not receive "'1.* There was no statistical difference in fertility, prematurity, or
birth weights of the babies. Several other series confirm that it is safe for
patients to conceive after an appropriate delay after "*'I (see below). My advice
is that the patient does not become pregnant until a follow-up scan and mea-
surement of Tg demonstrates successful treatment. Ayala et al.*' described a
higher incidence of problems within 1 year of ' suggesting that length of time
is an appropriate delay. Dottorini et al.*” described oligospermia in one patient
who received 3.33 GBq (90 mCi). In contrast, Hyer et al.* evaluated fertility in
122 men who were younger than 40 years at the time of treatment with 'L
Fifty-nine patients who wanted children, fathered 106 offspring, none of whom
had a significant malformation. The testicular doses were 6.4 cGy after 3GBq
(6.4rad after 81 mCi) and 14 cGy after 5.5GBq (14rad after 150 mCi). Follicle-
stimulating hormone increased transiently but was normal after 9 months.

A pregnancy test must be obtained in any female who has reached men-
arche. Serum measurement is preferred, the result is available within an hour,
and it is more sensitive than urinary testing. The topic is discussed in detail
in the next chapter on thyroid cancer and pregnancy.

There is also concern that the radioiodine will cause or increase the risk
of a second cancer. Most of the data relate to adults and overall the risk seems
very small. One situation is of concern to me. When the patient is a postpu-
bertal woman and there is uptake of the tracer of '*’I or ™I in the breasts, I
would defer radioiodine therapy. The breast is sensitive to radiation and there
is evidence of an increase in breast cancer that could be attributed to this.

In patients with extensive pulmonary metastases, **'I could damage normal
lung surrounding the miliary cancer and cause fibrosis and reduced lung func-
tion as described in early reports.* More recent evidence indicates unchecked
growth of the cancer is a more likely cause of difficulty breathing than the '*'1
treatment.”
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Controversies

The absence of a controlled study to determine whether "' improves the
prognosis or reduces recurrences is a major limitation. The fact that an abnor-
mality on scan can be shown to disappear on follow-up scan after radioiodine
treatment is taken to mean success. Similarly, a reduction in Tg is accepted as
evidence that cancer cells have been killed. However, the recurrence rate is
substantial (see below). Up to 90% of children younger than 10 years at diag-
nosis have a recurrence.”” Because of the small number of patients, there is
little published about “stunning” of thyroid cells by diagnostic doses of *'I in
children. I found no evidence of this in children who had comparable diag-
nostic and posttherapy scans. There is no publication dealing specifically with
Tg-positive scan-negative pediatric patients. The problem is the same as in the
adult. Should the patient be monitored without intervention, should a large
dose of 'l be administered, or should other tests such as *fluorodeoxyglucose
(FDG) positron emission tomography (PET)/CT scan be conducted? The
origin of Tg could be in miliary lesions in the lungs and when they were identi-
fied on prior diagnostic and posttherapy scans, it is reasonable to administer
one additional therapy dose in the hope that the cells will trap enough I to
be killed. When a prior posttreatment scan was negative, it is hard to argue in
favor of another large dose. At the time of writing, there are no articles on
BEDG PET/CT in the management of thyroid cancer in children. My experi-
ence with PET/CT in children with thyroid cancer is limited to four patients
and therefore cannot determine policy. Lesions less than 4-5mm are unlikely
to be identified. Therefore, when a posttreatment scan and PET scan
(and ultrasound of the neck) are negative, waiting and monitoring is
recommended.

Prognosis

Survival of children with differentiated thyroid cancer is excellent. Fortu-
nately, it is very rare that a child dies of thyroid cancer. Childhood thyroid
cancers are seldom undifferentiated. However, occasionally, a differentiated
cancer that has not been excised or ablated transforms to anaplastic cancer
and results in death. This occurred in 1 patient of 34 in a series from Hong
Kong, 18 years after the primary treatment. The majority of publications
cited in this chapter do not document a single death. Buckwalter et al.” believe
that one reason for the favorable outcome is that childhood cancers are more
sensitive to TSH. However, the recurrence rate is significant and higher in
those who present with cervical node metastases and in younger patients. A
multivariate analysis of factors effecting outcome in 109 patients aged 6-17
years found that total thyroidectomy was the single most important factor for
disease-free survival and was statistically significant.”® "I improved disease-
free survival but that did not reach statistical significance. An analysis of 327
children conducted by the Surgical Discipline Committee of the Children’s
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Cancer Group reported no death at 10 years.® The 5- and 10-year disease-free
survivals were 76% and 66%, respectively. These reports highlight the need for
long-term follow-up and the recognition that there can be setbacks but they
should be addressed by diagnostic FNA, surgical excision of palpable cancers,
and ™'I for nonpalpable recurrences. Even when a very poor outcome might
be expected, for example, in a child presenting with extensive invasive cancer,
cervical and distant metastases, the outcome can be favorable after treatment
by total thyroidectomy and "*'1.*

Summary

Thyroid cancer is not common in children but when a thyroid nodule or
enlarged cervical node is recognized it is important to proceed to FNA for a
tissue diagnosis. A skilled thyroid surgeon should conduct a total thyroidec-
tomy. In some cases, '] is advised to ablate residual thyroid and definitely in
the case of functioning metastases. The importance of a sensitive easily avail-
able physician for long-term follow-up is stressed.
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8. Thyroid Cancer and Pregnancy

The majority of babies are born to young women. Thyroid cancer is a disease
of young women. When thyroid cancer is diagnosed during pregnancy, the
physician has to manage two patients.

Thyroid Nodule in Pregnancy

Two to five percent of normal young women have a thyroid nodule.! In
nonpregnant women, approximately 5%-6% of nodules are cancerous.? Some
authorities put the likelihood of cancer in the pregnant woman as high as
39%-43%.’ In one study, the incidence of papillary cancer in pregnancy and
puerperium was 21% and 3.4% in controls.* Overall, a risk of about 10% is
more realistic. In a euthyroid patient, the optimal diagnostic procedure is a
fine needle aspiration (FNA) of the nodule.’ In a pregnant patient, there is
debate whether it should be done during the pregnancy or after delivery of the
baby. The arguments for waiting are that the risk of cancer is small, probably
using the figure 10%, and papillary cancer grows slowly and has an excellent
prognosis, plus the risk of operating during pregnancy. The opposite point of
view is based on the higher likelihood of cancer and the risk of more rapid
cancer growth with invasion and metastases.® Surgery in a pregnant woman is
safe for mother and fetus and in most cases the patient and physician want to
know the diagnosis and would proceed with FNA and when there is evidence
of cancer deal with that surgically. However, when the nodule is found in the
third trimester, it is reasonable to delay FNA until after delivery.

When the free hormones are increased and thyrotropin (TSH) is low, the
patient has either an autonomous nodule or Graves’ disease with a nonfunc-
tioning nodule. In a nonpregnant patient, this would be resolved by scintiscan
using '”I but this test is contraindicated during pregnancy and FNA is
advised.

An indeterminate FNA diagnosis is reported in 10%-20% of nodules and
80%-85% of these turn out to be benign. This is a therapeutic dilemma, but 1
wait until after delivery before referring for surgery. FNA showing a benign
nodule should lead to periodic clinical follow-up examinations.

Treatment of Thyroid Cancer Diagnosed in Pregnancy

There is usually no reason to advise an abortion and the goal is to have a
healthy mother and baby. The timing of surgery is determined by the stage of
the pregnancy. Cancer diagnosed early in pregnancy can be removed safely in



116 Thyroid Cancer in Clinical Practice

the second trimester.” After thyroidectomy, "*'I must not be administered to a
pregnant or nursing woman, It is preferable to have a low-normal TSH rather
than a suppressed one. The omission of I treatment and a suppressed TSH
for several months in a young woman with papillary cancer should have no
adverse effect. In late pregnancy, surgery can be delayed about 3 months after
delivery. Driggers et al.’ reported on a woman diagnosed early in pregnancy
by FNA to have papillary cancer. A decision was made to defer surgery until
after the delivery. The lesion grew and at surgery the cancer was found to have
invaded the trachea and recurrent laryngeal nerve and metastasized to lymph
nodes. Therefore, when surgery is not advised, the patient needs to be followed
by careful clinical examinations.

The surgery can be conducted under general anesthesia but local anes-
thetic has a role. Although this is not the common approach, several surgeons
have published their results.>'° The surgeon should be experienced in thyroid
operative procedures and have a low complication rate. Levothyroxine is
started before surgery and the dose titrated to keep the TSH at the low level
of normal. It is reasonable to start with 0.15mg daily and check levels after 6
weeks and then titrate the dose dependent on TSH.""" In pregnant women,
total thyroid hormone values are usually increased and more reliance should
be given to free thyroxine (FT,) and TSH. Oral iron and calcium have a sig-
nificant effect in reducing the absorption of L-thyroxine from the gastrointes-
tinal tract, therefore prenatal vitamin and mineral preparations should be
taken several hours apart from thyroid hormone.'*" The patient should have
measurements of FT, and TSH at intervals of 6 weeks to ensure that she is
euthyroid. I do not recommend measuring thyroglobulin (Tg) at this time
because nothing is going to be done about the value until after delivery.

After delivery, the dose of L-thyroxine decreases and thyroid function tests
are recommended at the 6-week postpartum follow-up.”” Tg should be mea-
sured now. This value, along with the pathology results and surgical findings,
are used to determine whether there should be testing and treatment with
radioiodine. Because the patient is a young woman, she is usually in the best
prognostic group. Most patients will be Stage I or low MACIS (metastasis, age,
completeness of resection, invasion, and size) scores, thus predicting an excel-
lent outcome. The patient with a small intrathyroidal cancer that has been
totally excised would not benefit from *'I. When the Tg is undetectable, the
patient can be followed by clinical examination, measurement of thyroid func-
tion and Tg at intervals of 6 months over several years and then annually.
Long-term follow-up of patients at the Mayo Clinic who had low MACIS scores
demonstrated no benefit from "*'1.'® There is a role for *'I for large, invasive,
incompletely excised cancers and those with nodal metastases. The impli-
cations of administering "*'I to a woman who has recently delivered a baby
are substantial. The sodium iodide symporter is active in breast tissue.'”'
The maternal breast and the baby would be exposed to radiation. No testing
or treatment with any radionuclide of iodine should be considered while
a patient is breast-feeding. The breast has been identified on whole-body
scans (Figure 8.1)."*% Therefore, treatment with '"'I could expose the breast,
which is a radiosensitive organ to a substantial dose of radiation and there is
evidence of an increased incidence of breast cancer in women with a prior
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Figure 8.1. Uptake in the breasts bilaterally in a patient who was nursing up to the time of
the scintiscan. This patient was not being managed at Stanford.

diagnosis of thyroid cancer.” I try to wait 6 months after the patient stops
nursing before proceeding with diagnostic scanning with '*’I and therapy with
B, After treatment with *'I, the mother is radioactive and has to be separated
from her child.” The logistics need to be worked out well in advance.
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TSH should be increased and the patient on a low iodine diet for 2 weeks.
Serum Tg is measured and a negative pregnancy test needs to be documented.
Whole-body scan is obtained 24 hours after 74-148 MBq (2-4mCi) '“I. The
patient is then treated with a dose of *'I based on the scan findings and stage
of cancer. L-Thyroxine is started after 24 hours and the low iodine diet replaced
by regular food at that time. A posttreatment scan is obtained after 6-8 days.
The emitted radiation at this time determines whether the mother can be
reunited with the baby. A follow-up visit is arranged for 6-8 weeks to confirm
thyroid function is in the appropriate range aiming for a low or low normal
TSH. Tg would also be measured to compare with the pretreatment value.
When the thyroid tests are physiologic and the Tg value low, the patient is
scheduled for a visit in 6 months.

There is debate whether differentiated cancer is more aggressive during
pregnancy but we and others do not find that to be the case.* A study com-
paring the outcome in 61 pregnant women and 528 matched controls con-
cluded the outcome was not statistically different.’

Management of Patient with Thyroid Cancer Who
Wants to Become Pregnant

A young woman with treated thyroid cancer might desire to have a baby.
When the patient has had a thyroidectomy, she can try to conceive after 6-8
weeks. This is to allow time to recover from the stress of the diagnosis and
surgery and to ensure the dose of replacement L-thyroxine is appropriate and
serum calcium is normal. The dose of L-thyroxine should be adjusted to main-
tain TSH at the low end of normal because suppressed TSH values can cause
menstrual abnormalities and reduced fertility. It is recommended to wait
about 12 months in a patient treated with 'I. My philosophy is to have a
follow-up scan and measurement of a stimulated Tg to ensure the therapy was
successful. This would usually be conducted 6-12 months after ' treatment
and a delay of 3 months after that is reasonable, hence a delay of 9-15
months.

Effect of "'l on Fertility and Offspring

Women can conceive, carry a pregnancy, and have normal babies after
they have been treated for thyroid cancer.”*¥ Direct measurements of radia-
tion in the uterus indicate an absorbed dose of 0.18rad/mCi (0.18cGy/
37 MBq).**” This would not cause ovarian failure. Schlumberger et al.” noted
an increased incidence of miscarriage in the year after **'I probably related to
abnormal thyroid function rather than gonadal radiation. There was no dif-
ference in the offspring after radioiodine treatment compared with those born
before treatment. Vini et al.” found only one woman who wished to become
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pregnant could not. An increase in anomalies has been described in children
conceived within a year of maternal '1.* This argues for a delay of 12 months
that fits well with my philosophy.

Management of Pregnant Patient with Previously
Treated Thyroid Cancer

When the patient is pregnant, the central issue is maintenance of the best
health possible for mother and child. The patient should be advised to contact
her physician as soon as pregnancy is suspected or confirmed. Referral to an
obstetrician who will be responsible for monitoring the pregnancy and the
delivery should be made. The requirement for L-thyroxine increases as the
pregnancy advances.'™ Testing at 6-week intervals and readjustment of L-
thyroxine are recommended through the entire 9 months. Supplemental iron,
vitamins, minerals, and folic acid should be taken but iron and calcium should
be taken several hours apart from the thyroid medication.'*"* Children born
to women who are hypothyroid throughout pregnancy can have a reduced IQ.
In addition, hypothyroidism can result in maternal hypertension, preeclamp-
sia, and premature delivery.'"

Effects of Cancer on the Pregnancy and Pregnancy on
the Cancer

The cancer should have no adverse effects on the pregnancy provided
thyroid function is kept physiologic. There is no report of cancer spreading
from patient to fetus. There is some evidence to suggest that thyroid cancer is
more aggressive during pregnancy because of stimulation by human chorionic
gonadotropin.> We and others found the natural history to be similar to
thyroid cancer in nonpregnant women.”*

Inadvertent Exposure of Pregnant Patient to
Internal Radiation

The fetus should not be exposed to radiation and radioiodine, for testing
or therapy is contraindicated during pregnancy. The fetal thyroid traps iodine
at about the 10th-11th week. A relatively small dose of 'l administered to the
mother can ablate the fetal gland and cause permanent hypothyroidism.
Authorities state clearly the patient should not be pregnant when treated but
how this is to be practiced is less clear. The United Kingdom guidelines say,
“No patient in whom there is a chance of being pregnant may receive radio-
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iodine therapy; if necessary a pregnancy test should be performed.”” Stoffer
and Hamburger® polled 963 members of the American Thyroid Association
and the Endocrine Society and obtained reports of 237 patients who were
treated with "*'I when pregnant. Fifty-five patients were advised to have a
therapeutic abortion and 182 were advised that it would be safe to continue
with the pregnancy. Younger fetuses were at low risk of hypothyroidism and
there was no increase in congenital abnormalities. The authors state, “We
assumed by this time everyone administering "'I therapy would routinely
perform a pregnancy test,” and “It is difficult to justify reliance upon men-
strual history.” Fisher et al.” presented the case of a mother who received
536.5 MBq (14.5mCi) when the fetus was 3 months. The fetal thyroid absorbed
about 250,000 rad (2500 Gy). Another patient underwent "*'I treatment with a
dose of 500 MBq (13.5mCi) and 10 days later was recognized to be 22 weeks
pregnant.® The fetal thyroid absorbed 600Gy (60,000rad). Evans et al.*’ pre-
sented three women who were found to be pregnant at the time of "*'I treat-
ment. The fetuses were 4-6 weeks, 7 weeks, and 8 weeks old when exposed to
1. No pregnancy tests were obtained. The doses ranged from 370 to 572MBq
(10-15.5mCi) and none of the babies was hypothyroid. This illustrates the
importance of fetal age and damage to thyroid from **'I. When a fetus 10 weeks
or older is exposed in utero it would be wise to start L-thyroxine immediately
after delivery. The hope would be that normal physical and mental develop-
ment would follow. There are reports of treatment with intraamniotic triiodo-
thyronine and then L-thyroxine for a fetal goiter and hypothyroidism.* This
should be under the management of an obstetrician skilled in the procedure.
Exposure of the baby to 1 Gy (100rad) results in a 3% risk of cancer and a
reduction of 30 points in IQ. Documentation of a negative pregnancy test is
important before administration of *'I and the responsibility lies with the
treating doctor. A recent court report illustrates that a signature of a technolo-
gist who verified the patient did not think she was pregnant was insufficient
evidence.”

Summary and Key Facts

Thyroid nodules are identified in 2%-5% of pregnant women. The inci-
dence of cancer in a nodule is greater in pregnancy. The best test is FNA. When
thyroid cancer is diagnosed in early pregnancy, it can be removed safely by
surgery in the second trimester. Patients who are pregnant or nursing should
not receive diagnostic or therapeutic radioiodine. When a woman of child-
bearing age is treated with "'I, it is important to document that there is no
possibility of pregnancy.
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9. Anaplastic Carcinoma of the Thyroid

Of the 53,856 thyroid cancers from the National Cancer Data Base, 1.7% were
anaplastic cancers.! The proportion of anaplastic cancers can be as high as
16%, especially in countries where the intake of iodine is low.” The patient is
usually 60 years or older and women are more often involved. This is the most
lethal solid cancer and the median survival is about 3-6 months.>* The only
hope of cure is very early detection and complete excision. This seldom
happens.

Etiology

Anaplastic cancer can arise from preexisting differentiated thyroid
cancer.’ In a minority of cases, the cancer erupts from a longstanding,
apparently benign goiter; however, an undiagnosed preexisting differentiated
cancer might have been present.® External radiation or internal ' radiation
for differentiated cancer has been blamed for anaplastic transformation. Nine
of 67 patients treated at the Massachusetts General Hospital had received 'I.”
The probability of an anaplastic cancer being the result of "*'I is low and has
been estimated at about 5%-10%. Molecular genetics of anaplastic cancer
support a “2 hit” cause. In poorly differentiated cancers, there is a high inci-
dence of mutations in the cancer suppressor p53 gene. In a metaanalysis,
mutations were identified in p53 in more than half of 265 anaplastic
cancers.?

Anaplastic cancers are more frequent in regions of iodine deficiency,
which in turn causes endemic goiter and multinodular goiter. In regions where
iodine supplementation has been instituted, there has been a statistically sig-
nificant reduction in the number and proportion of anaplastic cancers.’ There
is no direct evidence for familial anaplastic cancer.

Pathology

The cells are large, bizarre, and are often multinucleated with hyperchro-
matic nuclei and they do not look or behave like follicular cells. Using modern
techniques, so-called small cell anaplastic cancers are now usually classified as
lymphoma, or medullary cancer.
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Clinical Features

The patients are almost always older than 60 years and there is a about a
twofold increase in women. There is a rapidly enlarging neck mass that occurs
in almost all patients." Dysphagia, dyspnea, and dysphonia are each found in
about 30%-50% of patients and many patients have more than one of these
major symptoms.'' The duration of symptoms is usually 2-6 weeks. Lymph
node metastases are present in 80% and distant metastases in about 50% at
the time of presentation.”” The patient has a rock-hard, fixed thyroid mass that
is usually more than 5cm in diameter. About 20%-30% of patients have neck
pain. The cancer can metastasize to any organ. The most frequent sites of
distant metastases are the lungs and skeleton and less commonly to the brain
and meninges. There are cases of metastases to very unusual sites including
the heart, tonsil, adrenal, and small bowel. An erysipelas-like reaction can be
the result of skin metastases.”’ Neutrophilia, leukemoid reaction, and pyrexia
of unknown origin (or fever of unknown origin) have been described. Release
of thyroid hormones resulting in symptoms and signs of thyrotoxicosis is rare.
" This presentation is similar to subacute thyroiditis and has been called car-
cinomatous pseudothyroiditis.

Diagnosis

An early tissue diagnosis is important and this is achieved by immediate
fine needle aspiration (FNA). Computed tomography (CT) scan helps define
encroachment on the aerodigestive tract and blood vessels and whether there
are pulmonary metastases. The differential diagnosis includes lymphoma of
the thyroid, De Quervain’s (subacute) thyroiditis, Reidel’s thyroiditis, and
rapidly growing but differentiated thyroid cancers including medullary and
Hiirthle cell cancer. FNA establishes the correct diagnosis. Most patients have
normal thyroid function but as described above thyrotoxicosis can occur
occasionally.”

"®Fluorodeoxyglucose (FDG)-positron emission tomography (PET) or
PET/computed tomography (CT) scan is helpful in selected patients to define
the extent of disease (Figure 9.1). The uptake of "*FDG is very intense in ana-
plastic cancers (high standardized uptake value) with the poorest differentia-
tion. Thus, "*FDG-PET defines the extent of local disease and metastases and
the likely degree of aggressiveness of the cancer. Combined "*FDG-PET/CT
also provides anatomy. There is no role for scintigraphy with radionuclides of
iodine.

Treatment

A team approach including a thyroidologist, pathologist, surgeon, radia-
tion oncologist, and medical oncologist or rapid referral to an institute that
can provide a team approach is recommended. There must be adequate relief
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Figure 9.1. PET/CT scan 1 hour after injection of '*FDG. The patient was an elderly woman
with a long-standing goiter who noticed a change in its size. She had an FNA showing ana-
plastic thyroid cancer and was being evaluated for thyroidectomy. The scan shows a huge
invasive primary cancer and widespread metastases proving that operation would be of no
value.

of suffering with strong analgesia and sedatives. Treatments are surgery, exter-
nal radiation, and chemotherapy. When the condition of the patient is satisfac-
tory, combined therapy is recommended but there is no ideal multimodality
protocol that is clearly superior and fits all. No matter how the patient is
treated, the outcome is dismal.

Surgery

The only hope of long-term survival is when the cancer can be completely
excised. This is usually only possible for anaplastic changes within a well-
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differentiated cancer. The mean survival in three patients with disease con-
fined to the thyroid was 5.4 years, compared with 4.8 months in 81 patients
with more advanced disease.”” Treatment is designed to relieve local invasive
symptoms as well as to improve survival. The prognosis is improved slightly
by removal of the thyroid or debulking the cancer.”'® Complications from the
surgery are more common because the cancer is invasive into surrounding
structures.” Respiratory distress necessitates a tracheostomy. In patients with
invasive disease, radical surgery does not improve the outcome compared with
a less-invasive procedure.”” However, thyroidectomy might be possible after
combined chemotherapy and external radiation, provided the cancer shrinks.
With regard to the thyroid operation, Clark'® recommends removal of the
more normal lobe first to identify anatomic landmarks such as the trachea. He
emphasizes that because the surgery is palliative, every effort should be made
to avoid complications.

External Radiation

External radiation is advised as the primary treatment when thyroidec-
tomy is technically impossible. High-dose, external radiation should be admin-
istered to all patients should they live long enough. Some recommend this
before operation and those who operate first support postoperative radiation.
Hyperfractionation improves the survival slightly but there are complications
including dry mouth, tracheitis, and esophagitis. Radiation osteonecrosis of
the mandible has been described. Care must be taken to ensure that the spinal
cord does not receive an excessive dose because, in one report, two patients
died as a result of spinal cord necrosis.”

Chemotherapy

Adriamycin was originally shown by Kim and Leeper’®” to have benefit
and is used in many chemotherapy combinations. A combination of adriamy-
cin and cisplatinum resulted in three complete and three partial responses in
18 patients in contrast to one partial response to doxorubicin alone. Another
report supported the combination of bleomycin, adriamycin, and cisplati-
num.”” Adriamycin is also a radiosensitizer. It is given in a dose of 10 mg/m?*/
wk (some use 20mg/wk). Even after original regression, the cancer usually
recurs. Occasionally, chemotherapy causes sufficient reduction in size of the
primary lesion to make it possible to consider surgical excision.

A multicenter trial using a 96-hour infusion of paclitaxel (140 mg/m?) every
3 weeks was conducted on 19 patients.” One patient had a complete response
and 7 (47%) had partial responses. The median survival in the responders was
32 weeks compared with 10 weeks in the nonresponders.
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Multimodality Treatment

Multimodality treatment includes chemotherapy plus simultaneous radia-
tion, e.g., 20 mg adriamycin weekly plus twice-daily external radiation of 1.6 Gy
to a total of 46-60 Gy (4600-6000rad). This can produce sufficient shrinkage
of the cancer to allow thyroid debulking. Kim and Leeper® produced complete
remission in 8 of 9 patients treated with adriamycin 10 mg/m* and hyperfrac-
tionated radiation of 160 cGy twice daily to a total of 57.6 Gy (5760rad). In a
separate investigation, 13 patients treated by surgery, external radiation, and
chemotherapy had a significantly better outcome than 12 treated without
operation or 8 who did not receive chemotherapy.” In this study, 21 patients
who had local invasion of the cancer were excluded from the analysis and
unfortunately many patients present in that way. In a report from the Mayo
Clinic, multimodality treatment could not be demonstrated to improve the
outcome."” These investigators reemphasized the “grim” prognosis and found
that external radiation was somewhat beneficial in that the median survival
was 5 months rather than 3 months. In contrast, investigators in San Francisco
found a “reasonable prognosis” in patients treated by operation and then
radiation and chemotherapy.'® Results in 79 patients treated in Ljubljana
found a better outcome when radiation and chemotherapy were delivered first
(neoadjuvant therapy) and then the cancer was removed by operation.”

Brain metastases might be amenable to surgical excision if they are in a
noncritical region. Otherwise, treatment by external radiation therapy or
“gamma knife” should be prescribed.

In summary, multimodality treatment is recommended for anaplastic
cancer of the thyroid. Small cancers that can be removed with minimal com-
plication should be treated by operation followed by external radiation and
chemotherapy. For large, invasive cancer, external radiation and chemother-
apy are administered first and if the cancer shrinks surgery can be planned
later. Veness et al.*® summed up the situation: “Most patients with anaplastic
thyroid cancer are incurable; however, a multimodality approach incorporat-
ing surgery and radiotherapy and chemotherapy, in selected individuals,
might improve local control and extend survival.”

Radioiodine

Anaplastic cancers do not express sodium iodide symporter. Therefore, in
most patients, there is no role for "*'I. However, when there is dedifferentiation
in the center of a differentiated cancer, it is advisable to ablate all functioning
tissue with "*'I using the protocol described in Chapter 5. Reports of anaplastic
cancers that show uptake of "*'I usually are explained by this relationship.”
Retinoic acid has been administered with the intention and hope of increasing
BT uptake by poorly differentiated cancers.” This is almost never successful
for anaplastic cancer. Several weeks of pretreatment are necessary for retinoic
acid, by which time the patient is usually dead.
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Summary of Therapy

It seems that no matter how this cancer is treated, the outcome is extremely
bad. There is some evidence that by combining surgery, radiation, and che-
motherapy the survival is extended. Some favor operation first, others recom-
mend the surgery should come after radiation and chemotherapy.

Prognosis

Anaplastic cancer has a dismal prognosis. Local disease is advanced
and regional and or distant metastases are common at presentation. Patients
with incidental anaplastic cancer should be analyzed separately from those
with definitive anaplastic cancer. Few patients with nonincidental anaplastic
thyroid cancer survive 1 year and most are dead in 3-6 months. In one
report, 82% of the patients died within 1 year.” The median survival in another
series of 91 patients was 21 weeks.” Despite the intensive treatment, 34 of 37
patients in a third series died within 1 year.” In a metaanalysis, the 2-year
survival in 420 patients was 2.6%.” Rapid growth of the cancer, size >7cm,
dyspnea, dysphagia, old age, and distant metastases are poor prognostic
indicators.”

Prophylaxis

The incidence of anaplastic cancer is decreasing probably because of
earlier diagnosis and more effective therapy of papillary cancer. Correcting
iodine deficiency by iodized salt is also a factor.

Summary and Key Points

Anaplastic cancer accounts for about 2% of thyroid cancers in regions of
plentiful dietary iodine. It is the most aggressive solid cancer and few patients
survive 6 months from diagnosis. The patients are elderly and might have a
preexisting differentiated cancer or nodular goiter. The cancer grows very
rapidly and causes local pressure effects and by the time of diagnosis there are
nodal and distant metastases in 50%. Combination therapy with external

radiation, systemic chemotherapy, and surgery produce a minimally better
outcome.
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10. Medullary Cancer

Medullary cancer arises from parafollicular cells (C cells) and account for
2%-5% of thyroid cancers. Seventy-five percent of patients have sporadic
medullary cancer and 25% have familial medullary cancers that are transmit-
ted as autosomal dominant and fall into three categories: 1) familial medullary
cancers; 2) medullary cancer, pheochromocytoma, and or hyperparathyroid-
ism, called multiple endocrine neoplasia 2A (MEN 2A); and 3) similar to 2A
plus a characteristic phenotype described as marfanoid and neuromas of the
lips, tongue, and intestine.

Etiology

Familial cases of medullary cancers are associated with a mutation in the
RET protooncogene (Table 10.1)."” RET has an extracellular domain that binds
ligands and an adjacent region close to the cell membrane that is rich in cys-
teine molecules. The intracellular component contains the enzyme tyrosine
kinase. The enzyme is activated when two RET molecules form a dimer and
this occurs in the presence of an activating ligand. In medullary cancer, a base
exchange in the gene results in substitution of an amino acid frequently replac-
ing a cysteine. Cysteine molecules form intramolecular disulfide bridges but
loss of a cysteine allows an unbridged molecule to combine with a free cysteine
in a second monomer thus forming the dimer that activates intracellular tyro-
sine kinase. A missense mutation in any one of four codons in exon 10, two
in exon 11, three in exon 13, and single defects in exon 14 predispose to MEN
2A (Figure 10.1). In MEN 2B, there have been two RET mutations identified
in codon 16 and one in exon 15. In the case of familial medullary cancer not
associated with MEN 2 syndromes, several of the same mutations found in
MEN 2A have been identified. Genetic studies can identify individuals at risk
for developing these syndromes and predict the phenotypic behavior of the
cancer. A mutation in codon 634 of exon 11 accounts for more than half of the
defects. Mutations in exons 13-16 cause intracellular missense mutations in
the regions encoding the tyrosine kinase. These result in activation of the
enzyme without the formation of a dimer.

Pathology

C cells are rare in normal thyroid and at high magnification can be seen
to contain neurosecretory granules containing calcitonin. The cells stain posi-
tively with antibodies against calcitonin.> Approximately 80% of medullary



Table 10.1. Mutations associated with familial medullary cancer syndromes

Percentage with
Syndrome Exon Codon proven RET mutation
Familial medullary cancer 10 609, 611,618, 620 85
1 630, 634
13 768, 790, 791
14 804
15 891
MEN 2A 10 609,611, 618, 620 97
" 630, 634
13 768
MEN 2B 15 883 95
16 918, 922
Cysteine Exon Codon Phenotype
rich 10 609 FMTC MEN2A
domain 611 FMTC MEN2A
618 FMTC MEN2A
Mutations 620 MEN2A FMTC
g?? 11 630 FMTC
618 634 MEN2A FMTC
620
630
634
— 13 768 FMTC
/ 790 FMTC
Mutations 791 FMTC
768
790 14 804 FMTC
791
804
15 883 MEN2B
883 891 FMTC
891
918 16 918 MEN2B

Figure 10.1. Diagrammatic representation of the RET protooncogene. It shows the position
of amino acid substitutions resulting from mutations in the gene. The extramembranous site,
the cysteine-rich site, and tyrosine kinase site are shown. (Adapted from McDougall IR.
Management of Thyroid Cancer and Related Nodular Disease. London: Springer-Verlag;
2006:339.)
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cancers contain amyloid. In hereditary syndromes there is a transition from
normal to C cell hyperplasia and then to frank malignancy. Familial cancers
can be bilateral and multifocal. Sporadic medullary cancer is usually a solitary
lesion. Invasion of lymphatics, blood vessels, and surrounding soft tissues is
common. Metastases to regional lymph nodes occur early.

Clinical Features

The most common presentation is an adult patient with no family history
of medullary cancer who is found to have a thyroid nodule. About 10%-20%
have local symptoms of dysphagia, dyspnea, or dysphonia.* The average age
is 40-50 years and there is a very slight increase in women (1.1-1.5:1). The
cytopathology from fine needle aspiration (FNA) indicates the diagnosis of
medullary cancer. The cells stain for calcitonin and not thyroglobulin, con-
firming the diagnosis. The family history should be reviewed and genetic
testing undertaken to define whether this is familial. When a germline muta-
tion is present, family members should be investigated for this defect. Four
families with seven patients were identified by screening 39 families in which
the index patient was thought to have sporadic medullary thyroid cancer.” If
the cancer is advanced and the patient has extensive metastatic disease, there
can be troublesome watery diarrhea as a result of products secreted by the
cancer.

The second presentation is when there is no FNA or when the FNA is
indeterminate and the patient is referred to surgery to treat a thyroid nodule.
The diagnosis is established after, rather than before, the operation. The dif-
ference is that appropriate investigations that are important before surgery
have not been obtained and the surgical procedure is usually inadequate.

The final situation is identification of the patient by genetic screening
because a relative has an established diagnosis. In MEN 2A and 2B, it is impor-
tant to test for pheochromocytoma before conducting the thyroidectomy,
because intraoperative hypertensive crisis can be avoided. Hyperparathyroid-
ism produces hypercalcemia, which in turn can cause general malaise, tired-
ness, depression, dehydration, renal stones, and constipation. Cutaneous
lichen amyloidosis is found in patients with MEN 2A. This is an itchy, papular
rash of the skin in the back between C4 and T5 dermatomes. The patient with
MEN 2B has a typical phenotype with long, thin arms, pectus abnormality of
the chest, and neuromas of the lips and tongue. There are also intestinal neu-
romas that are not apparent clinically.

Diagnosis and Genetic Testing

The diagnosis of medullary cancer in a patient with a thyroid nodule is
best achieved by FNA. Once the diagnosis has been established, it is important
to conduct investigations to determine if the disease is familial, to stage the
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cancer, and to determine whether there are associated pathologies. Screening
for RET protooncogene mutations located on exons 10, 11, 13-16 can be iden-
tified in peripheral white blood cells. When there is a RET mutation, the
patient has familial thyroid cancer and with specific mutations there is a risk
of pheochromocytoma or hyperparathyroidism. Absence of a mutation defines
the patient does not have familial variety.

To rule in or out the diagnosis of pheochromocytoma, serum measure-
ments of norepinephrine, epinephrine, and 24-hour urine measurements of
these plus metanephrines and vinyl mandelic acid are obtained. When one of
these investigations is abnormal, an anatomic image such as computed tomog-
raphy (CT) or magnetic resonance imaging (MRI) should be obtained to
determine the site or sites of the tumor. Treatment of pheochromocytoma
takes precedence and should be undertaken by a surgical and anesthetic
team experienced with this disorder. When serum calcium is high, a paired
ionized calcium and parathormone level should be obtained. The diagnosis
of hyperparathyroidism would result in a change in the thyroid operation.
The abnormal parathyroid gland(s) would be removed during the total
thyroidectomy.

Ultrasound and or CT of the neck is required to define the anatomy of the
thyroid and determine whether there is more than one lesion, to examine
central and lateral nodes for characteristics of metastatic disease, and to look
for parathyroid abnormalities. Calcitonin and carcinoembryonic antigen
(CEA) are measured and used for comparison during follow-up. When that
calcitonin level is very elevated, there is increasing concern of regional and
distant metastases. Distant lesions can occur in the liver, skeleton, and lungs.
Liver metastases can be present early in the course of the disease. Occasionally,
metastases to rare sites such as the breast and skin occur.** A positron emis-
sion tomography (PET) scan is excellent in identifying sizable metastases
(>5-6 mm) but is not useful for miliary pulmonary or hepatic lesions. Helical
CT of the chest and liver with thin sections after intravenous contrast should
be conducted.

In all familial cancers, a team that looks after many patients with these
diseases with combined skills in counseling, treatment, follow-up, and infor-
mation for planning of pregnancy is advantageous. There has to be a discus-
sion of the specific defect and what likelihood there is to develop medullary
cancer (>95%), pheochromocytoma (approximately 50% for MEN 2A and 2B),
and hyperparathyroidism (approximately 20%-30% for MEN 2A). Informa-
tion about prognosis based on the type of syndrome and extent of disease
should be presented. The probability that children are carriers and the need
for screening relatives and the probability of finding disease should be pre-
sented. Negative aspects of genetic testing should also be addressed. Because
the implications of having or not having a specific mutation are great and
because no test is 100% sensitive and specific, some advise a duplicate genetic
test especially when the test is negative and the family history is strong.” There
needs to be great efforts to protect privacy. The emotional stress to gene car-
riers in particular children must be considered and follow-up should be
arranged and where necessary referral for psychologic and or psychiatric
consultation.
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Measurement of calcitonin is accepted as a very valuable test to follow
patients after operation. It is important to recognize that the sensitivity of
different assays and the normal ranges vary considerably. In the past, basal
and stimulated calcitonin values have been recommended to identify patients
at risk for medullary cancer in kindreds who have one or other familial syn-
dromes.'*"” The use of these tests for screening families has been replaced by
genetic testing. Measurement of calcitonin does have a role in follow-up of
treated patients. Some authorities recommend measurement of calcitonin in
patients with a thyroid nodule. Pacini et al. in 1994, and in an updated report,
screened 10,864 patients with thyroid nodules and nodular goiter." Forty-four
patients (0.4%) with medullary cancer were identified. The cost of identifying
a patient with medullary cancer was $12,500. However, FNA was suspicious
for medullary cancer or thyroid cancer in 29 of the 44 (66%); 7276 consecutive
patients with thyroid problems had calcitonin measurements." Sixty-six
patients had thyroidectomy, 45 (0.6% of the total group) had medullary cancer,
and 16 (0.2%) had pathologic evidence of C cell hyperplasia. My judgment is
that this screening is not cost-effective and FNA will identify most of the
patients with isolated medullary cancer.

Hypercalcitonemia can occur in patients with chronic lymphocytic thy-
roiditis, pregnancy, chronic hypercalcemia, and those on hemodialysis."*'* An
increased calcitonin was found in 4 of 161 hyperthyroid patients.” Measure-
ment of calcitonin in a patient with a thyroid nodule is not recommended in
the American Thyroid Association guidelines.'

Features of Cushing’s syndrome including moon facies, striae, hyperten-
sion, and diabetes might be present in the rare patient whose cancer secretes
adrenocorticotropic hormone (ACTH)."*!

Treatment

The treatment is based on the clinical presentation. There are published
guidelines.”*” When the diagnosis is established by genetic testing, the main
issue is whether there is evidence of pheochromocytoma or hyperparathyroid-
ism. The mutation in RET protooncogene can help predict the patients most
at risk for these. When there is a pheochromocytoma, it has to be treated first
because untreated hypertensive crisis can occur during stressful situations
such as thyroidectomy and cause death. Once that has been excluded or
treated, patients with RET mutation who belong to families with MEN 2A
should undergo total thyroidectomy by 5 years of age. Some authorities rec-
ommend an earlier operation for children with a defect in codon 634. In con-
trast, mutations in codons 609, 768, 790, 791, 804, and 891 have been associated
with a more benign course and a better prognosis, and annual measurement
of a stimulated calcitonin can be used to define the timing of surgery.”* The
goal is to remove the gland before there is clinical cancer. Often, C cell
hyperplasia, which is the precursor of cancer, is diagnosed pathologically. Of
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17 patients who underwent prophylactic operation at the M.D. Anderson
Cancer Center, 12 had C cell hyperplasia but five had invasive disease.”
None of the 17 patients died or had a recurrence. Similarly, 71 patients with a
range of age from 10 months to 20 years underwent prophylactic thyroidec-
tomy; 75% had abnormal basal calcitonin values and 68 of 71 had increased
values after injection of pentagastrin.”® Eighty-six percent (61 of 71) had
medullary cancer and this was bilateral in 67% and >1cm in 10%. This con-
firms the poor value of basal calcitonin for determining the best age for
surgery. A recent report analyzed the pathologic findings in 207 patients diag-
nosed by genetic testing and operated on by the 20th year.” The patients came
from 145 families of which the phenotypes were 112 with MEN 24, 29 with
familial medullary thyroid cancer, and four with MEN 2B. Development of
both C cell hyperplasia and medullary cancer occurred earlier in families with
mutations in the extracellular component of RET. In the case of extracellular
defects, the average age for C cell hyperplasia was 8.3 years and for frank
cancer 10.2 years. The corresponding ages for those with intracellular muta-
tions were 11.2 and 16.6 years, respectively. Metastases to nodes were found
at an average age of 17.1 years when the mutation was extracellular and none
of eight patients with intracellular defects had metastases at age 20 years.
Extracellular mutations were much more likely and affected 172 patients
versus 31 with intracellular defects. Seven patients had nodal disease strength-
ening the decision for thyroidectomy at an early age. In patients with the most
common mutation at codon 634, there was an average of 6.6 years between
development of the cancer and the occurrence of metastases. The data suggest
that surgery could be delayed to age 10 for those with mutations in codons
609, 630, 768, 790, 791, 804, and 891. Data such as this, if confirmed by other
investigators, could allow more precise timing of operations for the individual
patient. Because the onset of cancer and its metastases occur earlier in
patients with MEN 2B, total thyroidectomy is recommended before the first
birthday.”

There is disagreement about the need for central node dissection when
surgery is conducted in young children. When there is no cancer in the thyroid,
there is no chance of nodal metastases. Therefore, efforts should be made
preoperatively to try to predict whether cancer has developed. An increased
basal or calcium-stimulated calcitonin would be indications for nodal dissec-
tion. Also, when ultrasound demonstrates a mass in the thyroid or lymph
nodes that have suspicious characteristics, the decision should be for thyroid-
ectomy and central lymph node dissection. A cancer >1cm and the presence
of metastases to the central nodes would be an indication for excision of nodes
from level II-VI. Because of the more aggressive behavior of medullary cancer
in the MEN 2B syndrome, the recommendation for lymphadenectomy is based
on a cancer size of >0.5cm.

Operative complications in young children are problematic because they
will persist for the life of the individual. Excised parathyroids can be autotrans-
planted. Total thyroidectomy and removal of the central neck nodes to level
VI is the correct operation for those with established cancer. A proportion of
patients with sporadic medullary cancer present with extensive local disease.
It can be necessary to conduct extensive surgery.”
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The Role of Postoperative Radiation
and Chemotherapy

It was hoped that *'I would have a role after surgery for medullary cancer
by killing residual C cells that had the potential to become malignant and cause
recurrences. This treatment has proven to be ineffective.” In one study, 15
patients were treated by operation and "I and compared with 84 treated by
surgery. There was no difference in postoperative calcitonin values or 5- and
10-year survivals.

Treatment of distant metastases is a difficult problem. The cancer is rela-
tively resistant to radiation and to chemotherapy.” Surgical debulking of large
metastases has been shown to prolong survival.” This seems preferable to
radiation therapy of mass lesions although radiation can help when smaller
volumes of cancer are present after surgery.’>” Tubiana et al.”* and Sarrazin
et al.” showed that the outcome was equivalent in 80 patients who were treated
by operation and 35 who had radiotherapy after surgery; nonetheless, they
thought that radiation was helpful. This was because the irradiated patients
had more advanced disease. Distant metastases were excluded as far as pos-
sible. Radiation has a role when there is residual cancer in the neck that cannot
be removed by operation. It can also be used in patients with proven metas-
tases to lymph nodes and persistently increased calcitonin values. It has a
definitive place in treating painful skeletal metastases. Investigations to help
find sites of cancer are discussed below. These results stress the goal of early
diagnosis and definitive surgical treatment before nodal and distant lesions
have developed.

Unsealed radiation therapy has been undertaken by a few investigators.
The therapeutic potential of this should be tested by preliminary diagnostic
imaging. '”I-metaiodobenzylguanidine (MIBG) whole-body scan can be used
as a preliminary to *'I-MIBG treatment. MIBG labeled with "I has been
investigated by several groups.’” Its role in treatment of metastatic pheochro-
mocytoma is more established than its use for medullary cancer.’** *'I mono-
clonal antibodies to CEA were infused into 12 patients with medullary cancer.”
The dose was designed to cause myeloablation and the patients received autol-
ogous bone marrow transplantation about 2 weeks later. Radiolabeled octreo-
tide has been prescribed to treat endocrine cancers including medullary
cancer. Some investigators have used indium-111 (*"'In)-octreotide. The Auger
electrons from '"In deliver a high dose over a very short path-length. Experi-
mental studies have shown a ratio of uptake in the cancer compared with blood
of 160:1, suggesting the treatment should be effective.”’ There is increasing
evidence that the B-emitting *Y-octreotide will be effective in selected
patients.

Medullary cancer cells are also relatively resistant to chemotherapy.*
There is no single or combined chemotherapeutic protocol that provides sta-
tistically significant benefit. Protocols include adriamycin (doxorubicin) plus
streptozocin, 5-fluorouracil plus dacarbazine, cyclophosphamide, vincristine,
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and dacarbazine, 5 fluorouracil/streptozocin and 5 fluorouracil/dacarbazine,
or combined doxorubicin/streptozocin and 5 fluorouracil/dacarbazine.*

Medullary cancer cells exhibit somatostatin receptors and nonradioactive
analogs of somatostatin. Octreotide has been prescribed by subcutaneous
injection in a wide range of doses from 0.1 to 1.0 mg daily. Long-acting analogs
have also been administered.* These agents stabilize or even lower calcitonin
values but the growth of cancer is not slowed. The increasing knowledge of
the molecular dysfunction in medullary cancer has led to experimental
studies using inhibitors of tyrosine kinase such as Gleevec.” The data are
conflicting.

The diarrhea can be treated by conventional medications including
codeine. Capsaicin 0.25% applied locally helps cutaneous lichen amyloidosis.
Cushing’s syndrome caused by ectopic ACTH or its precursors can be helped
by removal of the medullary cancer. In patients who have unresectable meta-
static disease and severely symptomatic hyperadrenalism, it can be necessary
to remove the adrenals.

There are rare reports of coexisting medullary and differentiated cancers;
the latter are usually incidental and have been effectively treated by the thy-
roidectomy. When the differentiated cancer is large, invasive, or has metasta-
sized, testing and treatment with radioiodine would follow the principles
outlined in Chapter 5.

Follow-Up

Physical examination of the neck, measurement of calcitonin, CEA, and
thyroid function, and ultrasound of the neck should be obtained at intervals
of 6-12 months for several years. The hope is that calcitonin values remain
low or undetectable. Minimally measurable values can be followed, but when
the levels increase, the source of calcitonin production should be sought.
Ultrasound of the entire neck is sensitive for identifying enlarged and abnor-
mal-looking nodes and residual tissue in the thyroid bed. Ultrasound-guided
FNA provides a tissue diagnosis. CT and MRI can be helpful, but after exten-
sive surgery, postoperative scarring can be misinterpreted as cancer reducing
the specificity of these tests. CT and MRI of the thorax and upper abdomen
including the liver can identify disease in these sites. Miliary lesions in either
organ exclude surgical treatment.

Scintigraphic Tests

Radionuclides of iodine are of no value in identifying local or distant
metastases. MIBG labeled either by "*'I or '”I is valuable for detecting pheo-
chromocytoma but is less so for medullary cancer. '"In-octreotide has been
used for imaging.* Pentavalent dimercaptosuccinate labeled with technetium-
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99m (*™Tc) (* Tc-vDMSA) has been reported to have merit in detecting
medullary cancer.” This is not available in the United States. Pentavalent-
DMSA labeled with B emitters can be used to deliver local radiation to the
cancer. *'T1 and *™Tc-sestamibi and *™Tc-tetrafosmin are moderately
successful.

"Fluorodeoxyglucose (FDG)/PET has a sensitivity and specificity of
approximately 80%.* Inflammatory diseases such as tuberculosis and sarcoid-
osis can give false positives.”””® Muscle uptake can occur in nervous patients
or in those who talk or chew after injection of *FDG. In most cases, PET/CT
allows the correct interpretation by providing an anatomic correlation for foci
of uptake of *FDG.

Selective Venous Sampling

Measurement of calcitonin from venous sites in the neck can help define
the site of residual or metastatic cancer. The technique requires a radiologist
skilled in venous catheterization. The anatomy can be distorted by prior
surgeries.

Prognosis

The prognosis is excellent when early identification and treatment of
patients with a genetic predisposition to develop medullary cancer occur. In
contrast, the outcome in a patient with distant metastases is very poor. Several
other factors have a bearing on prognosis. Those factors that are statistically
important as judged by univariate analysis are older age, the specific syn-
drome, stage of disease including the presence of metastases to lymph nodes
and distant sites, and the completeness of the surgery. Women have a slightly
better outcome. In the SEER report, the 5-year survivals were 83.8% in men
and 92.8% in women and at 10 years the percentages were 74.3 and 89.6,
respectively.” Patients with familial medullary cancer have the best prognosis
followed by those with nonfamilial isolated medullary cancer, and those with
MEN 2B have the worst outcome. A mutation in codons 883 and 918 predict
a poorer outcome. Distant metastasis at the time of diagnosis is a bad feature.
Cancers that are >4cm also have a poorer outcome as do those with nodal
metastases.

Summary

Medullary cancer is an uncommon thyroid cancer that arises from parafol-
licular C cells. The majority of medullary cancers are sporadic and they have
the same mutations as familial syndromes but these are confined to the para-
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follicular cells. Sporadic cases should be diagnosed by FNA and treated by total
thyroidectomy and central node dissection. About 25%-30% of medullary
cancers are part of autosomal dominant familial syndromes such as familial
medullary cancer, MEN 2A, and MEN 2B. Familial cases should be diagnosed
early by genetic testing and the carriers treated by thyroidectomy at a young
age. When the excised thyroid is normal or contains only C cell hyperplasia
there should be no recurrence. Fifty percent of those with MEN syndromes
will develop pheochromocytoma and 10%-25% of those with MEN 2A hyper-
parathyroidism; therefore, clinical follow-up and biochemical testing are
necessary.
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11. Primary Lymphoma of the Thyroid

Primary lymphoma of the thyroid is uncommon. Physicians caring for patients
with thyroid diseases will occasionally encounter one with primary lymphoma
in the thyroid. In almost all of these patients, the pathology demonstrates
non-Hodgkin’s lymphoma. Most patients with primary lymphoma of the
thyroid are older women, many of whom have previously been diagnosed with
Hashimoto’s thyroiditis. Rapid enlargement of the thyroid and local pressure
effects are common.

Pathology

Lymphoma of the thyroid is usually non-Hodgkin’s B cell lymphoma.’”* A
proportion of these cancers are derived from mucosal-associated lymphocytes
and known by the abbreviation MALT.® Approximately 1 of 200 patients with
Hashimoto’s thyroiditis develop lymphoma. This means the association is
uncommon; however, it is 67 times the expected incidence of lymphoma of the
thyroid in the population.

Clinical Features

Seventy-five percent of patients are women and the average age is 60-70
years. There is rapid growth of the thyroid, or enlargement of a nodule within
the thyroid or a previously stable goiter of Hashimoto’s thyroiditis. Pressure
effects on the aerodigestive tract occur, commonly causing dyspnea, stridor,
and dysphagia. The voice can become hoarse from entrapment of the recurrent
laryngeal nerve. Pain is uncommon. Symptoms of weight loss, fever, and weak-
ness occur in about 10% of patients. The gland is hard and irregular on palpa-
tion and there can be fixation to surrounding soft tissues of the neck. Thyroid
function is usually normal, but can be low because of Hashimoto’s thyroiditis.
Thyrotoxicosis results from release of stored thyroid hormones by invasive
cancer but this is rare.

Diagnosis

Fine needle aspiration (FNA) and interpretation of the cytology and use
of flow cytometry and immunophenotyping of the lymphocytes establish the
diagnosis.” Differentiation of a low-grade lymphoma from Hashimoto’s thy-
roiditis is not possible by cytomorphology alone but is usually possible with
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immunophenotyping. With increasingly improving molecular techniques,
open biopsy should be used less frequently.” Differential diagnoses include
goitrous Hashimoto’s thyroiditis and anaplastic thyroid cancer.®

Workup of Patient

Scintigraphy and ultrasound do not help establish the correct diagnosis.
However, ultrasound can be helpful in determining the optimal site for FNA
sampling and the key is to obtain a tissue diagnosis. Staging of the lymphoma
should be under the direction of an expert in the management of lymphoma.
It is stressed that the clinical features of a rapidly growing nodule or goiter in
an older woman should prompt FNA to establish a tissue diagnosis. Treatment
should never be based on the imaging findings alone. Positron emission
tomography (PET)/computed tomography is useful for staging but is less
helpful for diagnosis of the primary cancer because there is often fluorodeoxy-
glucose (FDG) uptake in uncomplicated Hashimoto’s thyroiditis (Figure
11.1).>"
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Figure 11.1. A ™FDG PET scan in a patient with extensive lymphoma (not involving the
thyroid). There is uptake of FDG in almost all lymph nodes. B The same patient after chemo-
therapy demonstrating remarkable resolution of the lymphoma.
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Management

Treatment and follow-up are usually directed by a medical oncologist, or
in some cases, a radiation oncologist. The chemotherapeutic regimes and
indications for external radiation therapy are outside the scope of this text.
After treatment with combination chemotherapy, 5- and 10-year survivals are
75%-80% and 50%-60%, respectively.'”"

Summary and Key Facts

Primary lymphoma of the thyroid is rare and it usually occurs in an older
woman who has had Hashimoto’s thyroiditis. Once the diagnosis is established
by FNA, the patient should be referred to an oncology center specializing in
the care of lymphoma.
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12. Metastases to the Thyroid

Based on its size, the thyroid has the second highest arterial blood flow. There-
fore, it can be the site of blood-borne metastases. Systemic metastases are
usually found in the lungs, liver, brain, and bone marrow, and certain cancers
have a natural propensity to metastasize to specific sites such as prostate
cancer to the skeleton and bowel cancer to the liver. Common cancers seldom
metastasize to the thyroid. When a nonthyroidal cancer is diagnosed in the
thyroid, the key is how should the patient be managed?

Incidence of Metastases to the Thyroid at Autopsy

Two reports indicate that at autopsy between 5.2% and 8.6% of patients
with nonthyroidal cancer have thyroidal metastases.”” There is a wide range
from 1.25% in unselected patients to 24.2% in selected patients with known
metastatic cancer. The range is likely attributable to the population under
consideration and the extent to which the pathologist searches.

Clinical Importance of Metastases

When a patient who has widespread metastases of nonthyroidal cancer is
found to have a new thyroid mass, the implication is that it is also a metastasis.
However, there is no benefit from proving that the thyroid nodule is a metas-
tasis because neither treatment nor outcome is changed. In contrast, when a
patient with a known cancer but no evidence of metastases develops a thyroid
nodule, this might be a solitary metastasis.” Metastasis to the thyroid can occur
many years after treatment of the primary lesion. For example, 12 of 43 patients
developed the thyroid metastasis more than 10 years after the original diag-
nosis of cancer.! Two separate case reports are of metastasis 14 and 19 years
after nephrectomy for renal cancer.>® A third clinical situation is a fine needle
aspiration (FNA) result that is consistent with metastasis but the patient has
no history of cancer and no other metastases. This presentation is “carcinoma
(usually adenocarcinoma) of unknown origin.” In two reports of metastases
to the thyroid, 16 of 21 and 5 of 15 patients had no prior diagnosis of
cancer.””

The metastasis to the thyroid can grow rapidly and cause compression of
the aerodigestive tract. It might invade and destroy normal thyroid and
produce biochemical and or clinical thyrotoxicosis.” This is called carcinoma-
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tous pseudothyroiditis and is difficult to differentiate from subacute thyroid-
itis. FNA is recommended when a patient with cancer presents with a painful
thyroid mass and thyrotoxicosis. In addition, in an elderly patient with atypi-
cal clinical features of subacute thyroiditis, FNA is indicated.

Diagnosis of Metastasis to the Thyroid

Most of the patients are older than 50 years of age and the genders are
about equal, and a new thyroid nodule is identified by clinical examination or
imaging. A tissue diagnosis by FNA should be obtained quickly. Most benign
and malignant nodules are nonfunctioning on scintiscan, therefore this is not
advised."™"" Ultrasound is not specific because almost all metastases appear as
ill-defined, heterogeneous, hypoechoic masses. Ultrasound is not recom-
mended for diagnosis but can help in conducting the FNA. When the FNA
result indicates a nonthyroidal carcinoma, a review of prior surgeries and
pathologies can help clarify the diagnosis.

The vast majority of metastases to the thyroid are from five primary
cancers: kidney, lung, breast, gastrointestinal tract, and melanoma, as shown
in Table 12.1. The number of kidney lesions is disproportionate to the inci-
dence of that cancer. The presence of suspected metastatic renal cancer to the
thyroid raises a dilemma because clear cell cancer of the kidney cannot always
be easily differentiated from clear cell follicular cancer. On FNA and histologic
specimens, staining for organ-specific antigens should be part of the diagnos-
tic process.

Uncommon cancers can metastasize to the thyroid but this is extremely
rare and these are usually reported as single case reports. They include chro-
mophobe renal cell cancer, choriocarcinoma, uterine leiomyosarcoma,
pancreatic cancer, squamous cell cancer of the mouth, adrenal cancer, bron-
chioalveolar cancer, colon cancer, rectal carcinoid, sarcoma, Kaposi’s sarcoma,
liposarcoma, and malignant fibrous histiocytoma, and are referenced in
McDougall? and Haugen et al."” Metastases seem to be more frequent in
patients with underlying thyroid disorders such as nodular thyroids.* There
are even reports of renal cancer and a colon cancer that metastasized to
Hiirthle cell cancers.

Table 12.1. Percentage (and ranges) of nonthyroidal metastases from five key primary
cancers (for details, see reference 12)

Gastrointestinal Melanoma
Kidney (%) Breast (%) Lung (%) tract (%) (%)

12reports 32 (12-56) 30 (7-67) 26 (7-50) 14 (7-24) 10 (3-25)
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Figure 12.1. PET scan using "fluorodeoxyglucose in a patient with bowel cancer. Focal
uptake in thyroid (solid arrow) is a metastasis from that cancer. The patient also has metasta-
ses to abdominal lymph nodes and the liver (one of each shown by dotted arrow).

Treatment of a Metastasis to the Thyroid

Treatment depends on the extent of the metastatic disease. There is no
reason to investigate a new thyroid nodule in a dying patient. However, a new
thyroid nodule in a healthy patient with a known primary cancer should be
investigated using FNA to determine the pathology. FNA might demonstrate
a benign thyroid nodule, a primary thyroid cancer, or a metastasis. In the case
of metastasis, long-term survival is possible after removal of the thyroidal
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lesion, especially in renal cancer.*"*'® Isolated metastasis from melanoma can
also be treated surgically." It is important to “stage” the cancer to ensure
there are no other unsuspected lesions. Computed tomography (CT) of the
chest, abdomen, and pelvis are obtained plus positron emission tomography
(PET)/CT, which has excellent sensitivity for most common cancers (Figure
12.1).7

When the FNA of a thyroid nodule is reported to be a metastatic cancer
but the patient is not known to have cancer, it is necessary to identify the
primary site. The cytologic findings might help direct the appropriate workup.
Should this not be helpful, clinical examination of the skin and imaging of the
kidneys, lung, and breast would be advised along with CT of chest and abdomen
and mammography. PET/CT is valuable in patients with carcinoma of unknown
origin.'* When the metastasis to the thyroid is the only lesion, surgical removal
of the primary cancer and thyroid including the metastasis can prolong sur-
vival and even be curative.”” Before major surgery is undertaken, it should be
clear that there is significant life expectancy of good quality. The site, size, and
pathology of the primary cancer, the extent of metastases, the patient’s age,
and state of general health all have to be considered. When extensive metas-
tases are present, chemotherapy appropriate for the primary cancer is admin-
istered. External radiation therapy is delivered to painful or expanding lesions.
When the primary cancer is not identified, patients are treated by protocols
for the most likely “adenocarcinoma of unknown origin.”

Prognosis

The prognosis varies greatly depending on the patient’s clinical presenta-
tion. Survival longer than a few months is not expected when there are multiple
metastases. An isolated metastasis that can be surgically excised can result in
longer survival. Of 37 patients, the average survival was 34 months in those
who had thyroidectomy versus 25 months in those who did not.* Ten patients
with renal cell metastases to the thyroid who underwent “metastectomy” sur-
vived an average of 39 months. In a second report, the average survival in
seven patients after thyroidectomy was 38 months.”

Summary and Key Points

The reported incidence of metastases to the thyroid varies widely, the
highest in patients dying with disseminated disease whose thyroids are exam-
ined carefully at postmortem. Kidney, breast, lung, gastrointestinal cancers,
and melanoma have a propensity to metastasize to the thyroid. A thyroidal
metastasis is rarely the first evidence of a nonthyroidal cancer. FNA is the best
first investigation. The extent of disease should be determined, and when the
thyroidal metastasis is the only distant lesion, removal of the primary and the
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thyroid can result in long-term survival. This should not be attempted when
there is evidence of extensive spread of cancer.
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119, 120
dosage in pregnancy, 68
Lymphoma, primary. See Primary
lymphoma of thyroid

M
MACIS. See Metastasis, Age, Completeness
of resection, Invasion, and
Size
Magnetic resonance imaging (MRI),
135
Malignant struma ovarii, 94
Malignant teratoma, of thyroid, 49
Medullary thyroid cancer, 48, 49,
132-141
categories of, 132
clinical features of, 134
diagnosis/genetic testing for, 134-136
etiology of, 132
familial, 11-12, 140-141
MEN 24, 48, 132, 134, 136-137
MEN 2B, 48, 132, 134, 136-137
mutations and, 132, 133
FDG/PET for, 140
FNA of, 48, 49, 134, 136, 139
follow-up for, 139
pathology of, 132, 134
postoperative radiation/chemotherapy,
role of, 138-139
prognosis of, 140
scintiscan for, 139-140
sporadic, 132, 141
thyroidectomy for, 136-137
treatment for, 136-137
ultrasonography/CT/PET scanning and,
135
venous sampling, selective, 140
MEN 2A. See Multiple endocrine neoplasia
2A
MEN 2B. See Multiple endocrine neoplasia
2B
Metaiodobenzylguanidine (MIBG) whole
body scan, 138, 139
Metastases
empiric therapy for treatment of, 70



to thyroid, 50, 149-153
cancers causing, 150
CT scanning and, 152
diagnosis of, 150~151
FNA and, 149-150
incidence of, 149
PET scanning and, 151-152
prognosis of, 152
treatment for, 151-152
Metastasis, Age, Completeness of resection,
Invasion, and Size (MACIS), for
thyroid cancer staging, 54
MIBG. See Metaiodobenzylguanidine whole
body scan
MIT. See Monoiodotyrosine
Monoiodotyrosine (MIT), 20
MRI. See Magnetic resonance imaging
Multimodality treatment, for anaplastic
thyroid cancer, 128
Multinodular goiter
in euthyroid patient, 32-33
in hyperthyroid patient, 32
in hypothyroid patient, 33
management of, 32-34
L-thyroxine, 33
rhTSH, 33
nontoxic/adenomatous hyperplasia, FNA
of, 40
recurrence of, 33-34
Multiple endocrine neoplasia 2A (MEN 2A),
48, 132
clinical features of, 134
thyroidectomy for, 136-137
Multiple endocrine neoplasia 2B (MEN 2B),
48, 132
clinical features of, 134
thyroidectomy for, 136-137
Mutation
familial medullary thyroid cancer and,
132,133
in RET protooncogene, 11-12, 48, 132,
133, 136

N

Negative predictive value (NPV), of
scintiscan, 101

Nerve damage, from thyroidectomy, 18, 55

NIS. See Sodium iodide symporter

Nonmedullary thyroid cancer, familial,
12-13

Nontoxic multinodular goiter, 40

Norepinephrine, 135

NPV. See Negative predictive value
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(o)

Octreotide, 139

Offspring, radioiodine "*'I treatment
influence on, 118-119

p
Papillary thyroid cancer, 12
Chernobyl accident and, 10
in children, 101
FNA of, 45
variants of, 44, 46, 94-96
columnar cell, 95
follicular, 94-95
solid, 95-96
tall cell, 95
Parafollicular cells (C cells), 17, 132, 134
calcitonin secreted by, 25
medullary cancers of, 19
PET scanning. See Positron emission
tomography
Peutz-Jeghers’ syndrome, 92
Pheochromocytoma, 141. See also Multiple
endocrine neoplasia 2A
diagnosis of, 135
Poorly differentiated cancer. See Insular
cancer
Positive predictive value (PPV), of
scintiscan, 101
Positron emission tomography (PET
scanning)
for differentiated of thyroid cancer, 30,
82
iodine radionuclides and, 5
medullary thyroid cancer and, 135
metastases to thyroid and, 151-152
Postoperative tumor/node/metastasis
(pTNM) staging, of differentiated
thyroid cancer, 53-54
Potassium iodide (KI) pill, as radioactive
fallout prophylaxis, 10-11
PPV. See Positive predictive value
Pregnancy
FNA in, 115
radiation, internal, accidental exposure
to, 119-120
radioiodine "' treatment and, 74,
116-118
test for, 120
before radioiodine '*'] treatment, 120
thyroid cancer and, 115-120
differentiated, 118
management of, diagnosed during,
115-118



160 Index

Pregnancy (cont.)
thyroidectomy during, 116
thyroid nodules in, 115
whole-body scan during, 116-117
Primary lymphoma of thyroid, 145-147
clinical features of, 145
diagnosis of, 145-146
FDG/PET of, 145
FNA of, 145
Hashimoto’s thyroiditis and, 145, 146,
147
pathology of, 145
patient workup of, 146
PTNM. See Postoperative tumor/node/
metastasis staging

R
Radiation. See also Radiation exposure
definitions/terms for, doses/exposure,
3-5
dosimetry for, 70
external
as alternative for radioiodine
treatment, 77
for anaplastic thyroid cancer, 127
for differentiated thyroid cancer, 83
medical diagnostic, 7-8
internal
diagnostic, medical, 6-7
pregnancy exposure to, 119-120
therapeutic, medical, 8
for medullary thyroid cancer,
postoperative, role of, 138-139
safety in children, 107
as SI units, 3
thyroid cancer and, 3-11
total-body, dosimetry for prevention of,
71
Radiation exposure
atomic bomb and, 9
in daily activities, 6
diagnostic, medical
external, 6
internal, 6-7, 119-120
KI pill for, 10-11
potential situations resulting in, 4
from radioactive fallout, 10-11
therapeutic, medical
external, 7-8
internal, 8
Radioactive fallout
prophylaxis for, 10-11
radiation exposure from, 10-11

13]1

Radioiodine [ treatment, as radioactive

tracer, for diagnostic screening,
60, 61, 62, 63

Radioiodine ' diagnostic, dosimetry for,

70

Radioiodine *'I treatment, 61, 62, 63

for anaplastic thyroid cancer, 128
children and, 103-110
complications/long-term problems
after, 109
diagnostic scan, 104, 105
dosage, 104-105
false-positive scans and, 108-109
management after, 107-108
protocol for, 103-104
radiation safety and, 107
whole-body scan and, 105, 106
complications of, 72-74
lacrimal dysfunction, 72
long-term, 109
radiation thyroiditis, 72
sialadenitis, 72
transient thyroiditis, 72
controversy/necessity of, 77-79
for differentiated thyroid cancer, 57, 68-
69, 77-80
dosage of, 68-69, 104-105
external radiation as alternative to, 77
fertility/offspring influenced by, 118-119
follow-up after, 76-77
Graves’ disease from, 33
half-life of, 69
posttherapy scintiscan for, 74-76
pregnancy and, 74, 116-118
pregnancy test before, 120
as radioactive tracer, for diagnostic
scanning, 60, 61, 62, 63
stunning and, 60, 79-80
for Tg-positive/"'I-negative patients,
80-83
Radionuclides of iodine. See Iodine,
radionuclides
Recombinant human thyrotropin (rhTSH),
33,76
ablation of remnants and, 71
children and, 107
diagnostic scanning and, 58-59
side effects of, 59
treatment after stimulation, 71
Reidel’s thyroiditis, 44, 125
FNA of, 44
Renal disease, end-stage, thyroid cancer
and, 92



Retinoic acid, 128
differentiated thyroid cancer and, 83
RET protooncogene, mutations in, 11-12,
48, 132, 133, 136
genetic testing for, 135
Retrosternal nodular goiter. See Substernal
nodular goiter
rhTSH. See Recombinant human
thyrotropin

S
Scintiscan
for medullary thyroid cancer, 139-140
NPV of, 101
posttherapy, 74-76
PPV of, 101
of thyroid, 25, 29-30
Sialadenitis, 73
SI units. See International system
Sodium iodide symporter (NIS), 19-20, 22,
57
Solid (Trabecular) variant of papillary
cancer, 95-96
Sporadic medullary thyroid cancer, 132, 141
Streptozocin, 138
Struma ovarii, malignant, 94
Stunning, radioiodine ™*'I treatment and, 60,
79-80
Subacute thyroiditis, 42-43, 125
Substernal (Retrosternal) nodular goiter, 34
Surgery
for anaplastic thyroid cancer, 126-127
for differentiated thyroid cancer, 55-57,
102

T
Tall cell variant of papillary cancer, 95
Tg. See Thyroglobulin
Thyroglobulin (Tg), 19, 76-77, 97, 101, 108,
116
measurement of, 22, 66-67
positive/'I-negative patients, treatment
approaches for, 80-83
thyroid cancer and, 66-67
thyroid hormones and, 20
Thyroglossal tract, cancer in, 93
Thyroid
anatomy, gross of, size/weight of, 17
anatomy, surgical, 18
autoregulation of, 25
blood supply of, 18
ectopic tissue of, 17
embryology of, 17
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examination, intraoperative of, 39
function, control of
hypothalamic-pituitary-thyroid axis, 23
testing of, 25
lingual, cancer in, 93-94
lobectomy of, 55
lymphatic supply of, 18
mesenchymal tumors of, 49
angiosarcoma, 49, 50
malignant teratoma, 49
metastases to, 50, 149-153
cancers causing, 150
clinical importance of, 149-150
CT scanning and, 152
diagnosis of, 150-151
FNA and, 149-150
incidence of, 149
PET scanning and, 151-152
prognosis of, 152
treatment for, 151152
palpation of, 17
pathology of, 37-50
FNA in, 37, 39
intraoperative examination in, 39
molecular advances in, 39
primary lymphoma of, 145-147
clinical features of, 145
diagnosis of, 145-146
pathology of, 145
patient workup of, 146
scintigraphy, 25, 29-30
squamous cell carcinoma of, 50
structure, microscopic of, 19
ultrasonography for, 30
uptake measurement of, 25
Thyroid abscess. See Acute thyroiditis
Thyroid cancer
5-year survival rate of, 2
anaplastic, 37, 47-48
clinical features of, 125
diagnosis of, 125
etiology of, 124
FNA of, 48, 125
pathology of, 124
prognosis of, 129
prophylaxis of, 129
treatment for, 125-129
bladder cancer and, 74
breast cancer and, 73-74
chemicals and, 13
Chernobyl accident and, 10
in children, 100-111
deaths and, 1-2
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Thyroid cancer (cont.) postoperative radiation/chemotherapy,
differentiated, 37, 53-83 role of, 138-139
in children, 160-111 prognosis of, 140
CT scanning for, 82 scintiscan for, 139-140
diagnostic scanning for, 57-66 sporadic, 132, 141
dosimetry for, 70-71 treatment for, 136-137
ectopic sites of, 93-94 venous sampling, selective for, 140
embolization of, 83 mesenchymal tumors, 49
familial, 92 mortality and, 78-79
follicular, 46-47, 96-97, 101 nonmedullary, familial, 12-13
follow-up after, 76-77 poorly differentiated, 47
lithium and, 83 pregnancy and, 115-120
lobectomy for, 55, 102 radiation and, 3-11, 14
MACIS staging of, 54 atomic bomb and, 9
management of, 77-83 in daily activities, 6
natural history of, 53-54 from medical procedures, 6-8
papillary, 10, 12, 44, 45, 46, 94-96, 101 from occupations, 8-9
PET scanning for, 30, 82 from radioactive fallout, 10-11
pregnancy and, 118 renal disease, end-stage, 92
presentation of, 53 squamous cell, 50
pTNM staging of, 53-54 staging of, 53-54
radioiodine "I treatment for, 57, 68- Tg and, 66-67
69, 77-80 types of, 37, 38
rare clinical situations and, 47, 92-97 in UK, 2
recurrence of, 78 in US, 1
retinoic acid and, 83 Thyroidectomy
surgery for, 55-57, 102 in children, 101, 102-103, 137
Tg-positive/"’'I-negative patients and, complications of, 33, 56, 102
80-83 for differentiated thyroid cancer,
thyroidectomy for, 55-57 55-57
thyroid hormone treatment and, 67-68 follow-up after, 76-77
ultrasonography for, 83 hypocalcemia from, 18, 56
epidemiology of, 1-3 iodine trapping after, 21
estrogen and, 13 for medullary thyroid cancer, 136-137
etiology of, 3-14 for MEN 24, 136-137
gender/ethnic groups/age and, 1-2 for MEN 2B, 136-137
genetic mutation and, 11-13, 14 nerve damage and, 18, 55
RET, 11-12 during pregnancy, 116
geographic factors and, 13 thyroid hormone and, 67
hematolymphoid neoplasms, 48-49 Thyroid hormone
iodine and, 13, 21 action of, 22
management of, pregnancy diagnosed, carriage of, in blood, 22
115-118 in children, 103
medullary, 48, 132-141 differentiated thyroid cancer and,
categories of, 132 67-68
clinical features of, 134 effects of, on individual, 22-23
CT scanning for, 135 formation of, 20
diagnosis/genetic testing for, 134-136 metabolism of, 22
etiology of, 132 side effects of, 67
familial, 11-12, 132-134, 140-141 Tg and, 20
FNA of, 48, 49, 134, 136, 139 thyroidectomy and, 67
follow-up for, 139 as thyroid nodule treatment, 31

pathology of, 132, 134 TSH and, 67-68



Thyroiditis
acute, 42
chronic lymphocytic, 43
radiation, 72
Reidel’s, 44, 125
subacute, 42-43, 125
transient, 72
Thyroid nodule. See also Thyroid cancer
autonomous, treatment of, 31-32
benign/tumor-like, 39-44
benign v. malignant, 28
in children, 100-101
clinical features of, 27, 28
Cowden’s syndrome and, 1
cystic, 32
diagnostic testing of, 27
evaluation, algorithm of, 29
FNA of, 27, 31, 37, 39, 120
follicular adenoma, 41, 42
hot/cold, 29-30
management of, 31
multinodular goiter, management of,
32-34
in pregnancy, 115
substernal nodular goiter as, 34
thyroid hormone treatment for, 31
Thyroid peroxidase (TPO), 19
Thyroid-stimulating hormone. See
Thyrotropin
Thyrotoxicosis
autonomous thyroid nodule causing,
treatment of, 31-32
cardiac manifestations of, 67
Thyrotropin (TSH), 19, 57, 76, 97, 108, 115,
116, 118
B chain of, 23
o chain of, 23
receptor, 24-25
mutations of, 24
testing of, 23-24, 25
thyroid hormone and, 67-68
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Thyrotropin-releasing hormone (TRH), 23
TPO. See Thyroid peroxidase
Trabecular variant of papillary cancer. See
Solid variant of papillary cancer

TRH. See Thyrotropin-releasing hormone
Triiodothyronine, 57

intraamniotic, 120
TSH. See Thyrotropin

U
UK. See United Kingdom
Ultrasonography
applications of
differentiated thyroid cancer, 83
thyroid, 30
medullary thyroid cancer and, 135
Undifferentiated thyroid cancer. See
Anaplastic thyroid cancer
United Kingdom (UK), thyroid cancer in, 2
United States (US)
regulations for release of radioactive
patients in, 72
thyroid cancer in, 1
US. See United States

A

Venous sampling, selective, for medullary
thyroid cancer, 140

Vincristine, 138

Vinyl mandelic acid, 135

w
Whole-body scan, 108
children and, 105, 106
diagnostic scanning, interpretation of,
60-63
"I and, 61, 62, 63
" and, 61, 62, 63
for dosage, 105, 106
MIBG, 138, 139
during pregnancy, 116-117
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