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PREFACE

Commercial nuclear power is a relatively new technology that was introduced in the
1960's. Today the more than 100 licensed power reactors in the United States provide
nearly 20 percent of the country’s electric power. Most of these facilities are sufficiently
ciose to major population centers that in the event of a major accident, human exposure to
airborne radiation would be inevitable. Exposure to radicactive isotopes of iodine, in
particular iodine-131, and the resulting irradiation of the thyroid present possibly the most
serious radiological risk from the accidental release of fission products into the atmosphere.

In the United States, the early and dominant hazard would arise from population
exposure 10 a passing plume containing radioiodines and other radioactive fission products.
There is uranimous scientific consensus that the administration of stable iodine can prevent
thyroidal uptake of radioiodine with a near 100 percent efficiency. In spite of the effective
remedial action of stable iodine, there are, however, some limitations on its use in
protecting the public.

This report provides a comprehensive overview of all topics relevant to arriving at
a national policy regarding potassium iodide for general public use in the event of a nuclear
accident. For a policy decision, relevant topics include not only the scientific basis for
iodide prophylaxis, but also an assessment of the economic costs and the economic benefits
to society. Intangible factors such as public perception and potential logistical problems,
which can not be defined in scientific or economic terms, must also be considered.

c L il 620 &

Because of the complexity of relevant subject topics and the potentially diverse
background of individuals involved in a policy decision, sufficient background information
is provided to assist those who may have expertise in some but not all pertinent subject
areas.

Chapters are sequenced in a manner which allows for a logical expansion and
transformation of data needed for a final evaluation of the cost-effectiveness of KI
prophylaxis.

The assignment of monetary values to human health effects in determining a cost-
benefit ratio is far from an established and exact science. In this report, experts in various
disciplines were consulted to provide guidance in assigning monetary equivalent values for
radiation-induced thyroid effects. Because a cost-benefit evaluation of KI prophylaxis is a
central objective of this report and unprecedented methodologies were used to assign
monetary values to thyroid health effects, the reader is encouraged not to skip to the final
cost-benefit section of the report. A fair evaluation of KI prophylaxis can not be limited to
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an assessment of cost-benefit ratio values, but must include a thorough understanding of
how these ratio values were derived. Lastly, the text identifies many important subjective
factors that could not be incorporated in the cost-benefit ratio. For these reasons, the
inclusion of an executive summary containing "bottom-line” cost-benefit vaiues was
considered inappropriate for this report.

Following an introduction, which defines existing policy and recent recommendations
by Federal and non-governmental agencies, the main body of the report begins with
background information relating to thyroid function and disease (Chapter 2). This chapter
provides a basic understanding of iodide metabolism in health and disease, the mechanism
of thyroid blockade by stable iodine, our present knowledge about radiation-induced thyroid
effects and their medical treatments, and the potential adverse reactions to iodide when
administered in pharmacological doses equal o those recommended for prophylaxis.
Chapter 3 derives the lifetime age- and sex-dependent risk coefficient for several population
subgroups in terms of thyroid nodules, thyroid cancers, and hypothyroidism. Chapter 4
provides an overview of the exposure pathways and the thyroid dose model used in this
repor for estimating population thyroid exposure. Potential population thyroid doses are
defined for specific severe accident scenarios using 1990 census data and empirical
population data obtained from existing nuclear facilities. By means of previously derived
risk coefficients and thyroid doses, population thyroid health effects are defined for the
major reactor accident scenarios with and without KI. The economic cost of providing KI
and the economic equivalence of each thyroid health effect are quantitatively derived in
Chapter 5. In Chapter 6, the programmatic cost of providing KI is weighed against the total
number of expected thyroid health effects multiplied by their respective monetary value for
a cost-benefit ratio. The significance of the derived cost-benefit ratios to a policy decision
is discussed in Chapter 7. The final chapter summarizes the findings and attempts to define
the limitations of quantitative values assumed and denved in this report.

Additional data and information supporting to Chapters 1 through 8 are provided in
several appendices. The sequence of appendices follows the order in which they are
referenced in the text Principal appendices include (1) a detailed description of the
methodology used for the valuation of thyroid effects (Appendix D), (2) the experience
gained from the Three Mile Island accident, the Soviet accident at Chernobyl, and a pilot
project at a nuclear facility in Tennessee (Appendix E), and (3) the derivation of an adverse
reaction incidence rate to stable iodide from empirical data obtained from pharmaceutical
firms and an FDA computer data base (Appendix C).
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CHAPTER 1
INTRODUCTION

1.1 Past Policy and Recommendatio.s

The option to use potassium iodide for thyroidal blocking to protect the general
public resides with State and, in some cases, local health authorities. Guidance in these
matters, however, is provided by the Federal Emergency Management Agency (FEMA) and
the U.S. Nuclear Regulatory Commission (NRC). The NRC and FEMA have issued
guidance to State and local authorities as well as licensees of operating commercial nuclear
power plants in 50 FR 30258, July 24, 1985. The guidance suggests that any decision by
State and local authorities to use potassium iodide should be based on the site environment
and conditions at the time of an emergency for the specific operating commercial nuclear
power plant and should include detailed plans for distribution, administration, and medical
assistance.

The recommendation for stockpiling and distribution of KI during emergencies for
thyroidal blocking is currently limited for emergency workers and institutionalized
individuals. The Federal position with regard to the pre-distribution or stockpiling of
potassium iodide for use by the general public is that it should not be required.

Thyroid blocking for emergency workers and institutional individuals was
recommended because:

(1) These individuals would be more likely to be exposed to the radioiodine in an
airborne radioactive release in the event of a nuclear emergency.

(2) The number of individuals involved at any site is relatively small and requires a
limited supply of KI that can readily be distributed.

(3) The storage, distribution, and administration of KI can be readily controlled.
(4) The known sensitivity to iodide of this limited number of individuals can be reviewed.

(5) These individuals can be readily monitored for adverse side effects by medical
personnel.

In the past, the recommendation to exclude the stockpiling and pre-distribution of
Kl for the general public was based on the ability to evacuate the general population,
logistical and practical problems, and the low cost-effectiveness of a nationwide
program.(NUREG /CR-1433).




The Food and Drug Administration (FDA) issued its own recommendation on the
use of potassium iodide as a thyroid-blocking agent (47 FR 28158, June 29, 1982). The
FDA's recommendations were based on the benefits of using KI and the radiation risks to
the thyroid from I-131. Neither costs nor practical and logistical problems associated with
stockpiling and distribution were considered. Based on the ability of KI under optimal
conditions to eliminate nearly all internal thyroid exposure and the assumed minimal
number of expected adverse reactions to KI, the FDA concluded that the benefit/risk ratio
favors the use of the drug when the projected internal dose to the thyroid is equal to or
greater than 25 rads. The FDA recommends potassium iodide in doses of 130 mg per day
for adults and children over one year of age, and 65 mg per day for infants under one year
of age. The FDA's projected thyroid dose for pharmacologic intervention equals the upper
intervention level of the Environmental Protection Agency (EPA).

Protective Action Guides (PAGs) promulgated by the EPA for projected thyroid dose
range from 5 to 25 rem (EPA 1980). Protective action is recommended at the lower level
for sensitive populations (pregnant women and children), or if there are no local constraints
to providing protection at that level. Protective actions are recommended regardiess of local
constraints if the projected dose exceeds 25 rem. However, the EPA does not identify the
use of KI as a protective measure for ,ublic use. Only evacuation and controlled area
access are cited as protective measures.

In 1977, the National Council of Radiation Protection and Measurements (NCRP)
issued a report (NCRP 1977) which comprehensively reviewed pertinent scientific
information regarding iodine metabolism, physiology, and pathology of the thyroid gland.
The report, however, did not attempt 10 evaluate the cost-effectiveness of a program of K1
prophylaxis. Practical and logistical problems regarding the distribution of KI to the general
population were identified and discussed along with alternative options for public protection.
In summary, the NCRP recommended daily doses of 130 mg for the duration of potential
exposure for projected inhalation thyroid doses of 10 rads or more, but also issued a stark
warning that:

"The short- and long-term consequences of inhalation of radioactive iodine
are far less than the possible injury that might result from individual and mass
panic arising from efforts to obtain the blocking agent . . ."

Based on an earlier study conducted by the EPA (EPA 1974), the NCRP concluded
that mass evacuation of urban and rural populations can be achieved promptly and safely
without loss of life.




13 Leadi Re-evaluati [ the Federal Policy and the Writing of Thi
Repont

The American Thyroid Association’s Environmental Hazards Committee issued a
report in 1984 which assessed the use of iodine as a thyroidal blocking agent in the event
of a reactor accident (Becker 1984). This committee of clinical and scientific experts on
matters relating to the thyroid gland stated that

“The development of an appropriate strategy for proper protection against
radioiodine contamination requires risk-benefit (risk-ratio of radioiodine
hazards to stable iodine hazards) and cost-benefit evaluations, but adequate
data are not now available for either the numerator or the denominator.”

On the basis of existing but incomplete risk-benefit informatica, the ATA concluded
the following:

(1) Potassium iodide in 130 mg scored tablet form should be manufactured in quantities
sufficient to fill anticipated needs if its use is required.

(2) The projected threshold intervention dose of 10 rads recommended by the National
Commission on Radiation Protection and Measurement for iodine blockade is overly
conservative.

(3) Tt is unlikely that clinically significant thyroid disease would result from individual
thyroid exposures of less than 100 rads. lodide prophylaxis is, therefore,
recommended for projected doses of 100 rads or greater.

(4) To provide an added measure of protection for sensitive population groups which
include children and pregnant women, a radiation dose of 50 rads to the thyroid is
suggested as a threshold for iodine blockade.

(5) Due to the complexity of the problems, pre-distribution of potassium iodide was not
recommended. The commitive recommended the development of emergency plans
for the prompt and efficient distribution in the event of a nuclear emergency.

The ATA's recommendations urged more vigorous attempts to obtain additional data
through clinical studies and a central registry. Clinical studies involving the use of
radioiodine as well as potassium iodide would improve our estimates of radiation thyroid
risks and adverse reactions to stable iodide. Additionally, the establishment of a central
registry for iodide side-effects would provide a more credible means for estiniating
population risks related to stable iodine.
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Following the Chernobyl Accident in 1986 and the release of information regarding
the use of KI by Soviet and Polish officials, the American Thyroid Associa .on in September
1989 submitted a letter to the chairman of the Federal Radiological Preparedness
Coordinating Committee (FRPCC). The letter stated ATA's support of KI and requested
that the committee reconsider its position on stockpiling KI for general public use. On the
basis of the ATA’s letter, the FRPCC petitioned the Department of Health and Human
Services (HHS) threugh the Centers for Disease Contro! (CDC) to review the medical and
clini. .1 status of the genera! use of KI. A workshop chaired by the CDC conve=2d in July
1990 10 assess the testimony of various experts. The workshop committee con.iuded that
although no new scientific data were presented that contradict the scientific basis for the
1985 FRPCC guidance, there was sufficient reason to establish an ad hoc Subcommittee on
Potassium lodide. The Subcommittee's principal charter was to monitor the activities of the

following groups:
¢ The Conference of Radiation Control Program Directors (CRCPD)

e International Agencies: The World rHealth Organization (WHO) and the
Commission of the European Communities (CEC)

e  Nuclear Regulatory Commission (NRC)

The CRCPD. The Conference of Radiation Control Program Directors study as
requested by the FRPCC and conducted by the CRCPD's E-6 Committee recently assessed
the emergency programs of individual States. By means of a survey, the E-6 Committee has
obtained data from States with commercial nuclear power plants. Survey data pertain to
the distribution of KI within the 10-mile emergency planning zone (EPZ). The information
received from responding States is summarized in Appendix A of this report

The WHO and the CEC. Following the Cheruobyl Accident, the World Health
Organization (WHO) and the Commission of 1. European Communities (CEC) organized
a joint workshop in July 1988 to assess current knowledge and to make recommendations
for national contingency plans involving nuclear emergencies. Eminent experts in public
health, endocrinology, and radiation protection attended the workshop. The conclusion and
recommendations of the workshop provided the basis for guidelines on iodide prophylaxis
that were subsequently issued by the WHO Regional Office for Europe (WHO 1989).

The major scientific issues addressed by the workshop committee included the
efficacy and limitations of stable iodide prophylaxis and all pertinent factors, which modify
the benefit as well as the potential adverse reactions to KI. The major variables considered
included dietary intake levels of iodide, age, gender, and underlying thyroid pathologies.
The WHO/CEC's formal conclusions regarding the impact of these modifying factors reflect
the scientific consensus of the workshop participants, who are referenced throughout this
report

14



The workshop commirtee submitted recommendations for iodine prophylaxis, which were
subsequently adopted as WHO guidelines, in behalf of the following population groups:

e pregnant women

¢ lactating mothers

¢ infants

e children and adolescents
e adults

Appendix B defines the WHO/CE' recommendations for KI use among the five sub-
populations identified and provides supportive rationale.

The NRC. Concurrently, but independently of the activities of other agencies, the
NRC in a recent notification (55 FR 39768, September 28, 1990) concluded that because
of new information regarding KI, there is a need 1o reevaluate the existing Federal policy.
New information relates to (1) revision in estimates of the release fraction in iodine duriag
reactor accidents, (2) revision in thyroid risk coefficients which are age and sex specific, (3)
reduction in the efficacy of I-131 to impart thyroid damage, (4) increased shelf-life of KI,
(5) experiences gained from the Chernobyl accident and the pilot projects conducted by the
Siate of Tennessee, (6) improved understanding of potential adverse reactions to stable
iodide, and (7) a recommendation by the American Thyroid Association to increase the
threshold of the projected thyroid dose for pharmacologic intervention (i.e., KI prophylaxis).

As part of the re-evaluation, the Commission contracted this report in order 10
update the original 1980 analysis (NUREG /CR-1433, "Examination of the Use of Potassium
lodide (KI) as an Emergency Protective Measure for Nuclear Reactor Accidents”) with the
most current technical information and to expand the cost-benefit analysis to include a more
comprehensive evaluation of the monetary value assigned to thyroid health effects.

A comprehensive evaluation of KI prophylaxis and a defensible cost-benefit analysis
are complicated tasks made difficult by the need to draw upon multiple disciplines for a
complete understanding of the benefits, risks, and economic costs of iodide prophylaxis.
Essential to an objective assessment is 2 basic understanding of (1) thyroid histology,
physiology, and iodide metabolism, (2) radiation thyroid pathologies and their treatments,
(3) internal dosimetry relating to radioiodine, (4) epidemiological risk assessment methods,
and (5) economic methods used to assign monetary value to human illness and associated
health care.

1-5




CHAPTER 2

21 Thyroid Function

A basic knowledge of thyroid physiology and metabolism of iodide will help the
reader 10 understand the basis for iodide prophylaxis, the potential for adverse reactions to
stable iodide, and the evaluation of specific modifying factors relating 1o internal thyroid
dose. Also included in this chapter is a brief overview of the major thyroid pathologies and
their treatments; the intent is to promote a better understanding of radiation-induced
thyroid injury and specific cost factors. Principal cost factors are represenied by direct
medical costs, indirect costs associated with loss of economic opportunity, and psychological
cost estimates, which reflect a reduction in the quality of life.

The Thyroid Gland. The normal thyroid gland is butterfly shaped and consists of two
elongated lobes positioned on either side of the trachea. In the adult, the average weight
of the thyroid is between 15 and 20 grams. The dominant microscopic structural feature of
the thyroid is its composition of numerous follicles Each spherically shaped follicle of
about 200 microns is lined by columnar epithelial cells (15 » high) which surround a colloid-
filled luminar space (Figure 2-1). The colloid is a mixture of proteins of which
thyroglobulins comprise about 80 percent. The flow of blood through the thyroid, per unit
weight of tissue, is high and exceeds that of the kidney. The normal thyroid is able to
remove iodide from the blood at a rate of 5-12 ml per minute. It is important to note that
iodide is concurrently removed from the plasma and excreted by the kidneys at a rate of
about 20-30 ml per minute. For a given dietary intake of stable iodide, the kinetics of these
two competing removal mechanisms of iodide from the blood form the basis of the iodide
uptake fraction from the blood by the thyroid. The uptake fraction (ie., f’ value)
proportionately determines the dose to the thyroid.

The iodide concentrating mechanism by thyroid cells is frequently referred to as the
iodide pump and involves an active energy-dependent membrane transport mechanism.
Cel-sequestered iodide becomes a critical constituent of thyroid hormones. In its endocrine
role, the thyroid gland exhibits three characteristic functions: (1) trapping of iodide, (2)
synthesis of organically bound iodide, and (3) storage and secretion of iodothyronine
hormones (Figure 2-2). The thyroid cells actively transport iodide across the cell membrane
and inaintain a concentration gradient of 25:1 over the level in the blood plasma.
lodination of the amino acid tyrosine is accomplished first at the third position and then at
the fifth position to form monoiodotyrosine (MIT). The subsequent synthesis of
diiodotyrosine (DIT) and formation of the thyroid hormones triiodothyronine (T,) and
tetraiodothyronine (T,) occur within the cells of the follicle before being secreted into the
follicular lumen to become part of the colloid (Figure 2-2).
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Figure 2-2. Compounds and Pathways of Thyroid Hormone Production

2-2



Each day the thyroid releases approximately 60 to 100 ug of hormonal iodide, of
which 90% is thyroxine (T,) and 10% is triiodothyronine (T;). Although the usual ratio of
T, 10 T, secreted by the thyroid is 10 to 1, the ratio of T, 1o T, in plasma is normally about
40 10 1 due 1w metabolism differences and the enhanced affinity of T, to bind plasma
proteins.

Both the synthesis and release of iodothyronines into the blood stream is a regulated
process which is primarily under the control of the pituitary gland. Pituitary-secreted thyroid
stimulating hormone (TSH) is the main regulator of thyroid function. TSH increases the
rate of iodide uptake, organification, and release. The TSH homeostatic feedback control
system is designed to maintain a constant level of serum T, and T,. To achieve this, the
gland must accumulate a constant amount of iodide each day. Thus variations in dietary
iodide intake must be countered by reciprocal changes in thyroid uptake and organification
of serum iodide. Thus a lowering of dietary intake of iodide produces correspondingly low
serum levels of free iodide which is "sensed” by the pituitary gland. The increased release
of pituitary TSH stimulates thyroid cell proliferation which is aimed to increase the
efficiency of the thyroid to capture a limited supply of available serum iodide. A marked
and prolonged dietary deficiency of iodide results in thyroid enlargement (simple goiter).
On the basis of this homeostatic regulatory mechanism, it is obvious that the fraction of
ingested iodide which is accumulated by the thyroid is heavily dependent on the dietary
content of iodide. For normal (euthyroid) individuals in the United States with an average
daily dietary intake of about 225 ug of iodide, the daily thyroidal uptake of 50 to 60 ug of
iodide represents a 25% fractional uptake (ie., £’ value). For lower dietary intakes of
iodide, the fraction of iodide retained by the thyroid can be considerably higher and may
reach levels in excess of 90% (WHO 1989).

The primary significance of dietary iodide levels is that for a common exposure to
radioiodide (i.e., inhalation or ingestion), individuals with a lower dietary intake of stable
iodide will have a higher thyroid uptake of radioiodide resulting in a proportionately higher
thyroid exposure. Daily intake levels of stable iodide may also influence adverse reactions
10 stable iodide when administered in doses that greatly exceed dietary levels.

22  Thyroid Pathology

221 Hormone Imbalance

The thyroid gland is not indispensable to life, but its presence is necessary for normal
growth and development, heat production, and well-being of the individual The most
prominent effect of the thyroid hormones is their regulatory control of respiratory exchange
and basal metabolic rate (BMR). The thyroid gland serves as the body's metabolic
thermostat by controlling the rate of oxidative metabolism of individual cells which
collectively provide heat and maintain body temperature.
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Under conditions of hyperthyroidism (i.e., increased production or administration of
thyroid hormone), there is increased oxygen consumption, heat production, food metabolism,
cardiac output and plasma volume. This clinical state is also referred to as Lhyrotoxicosis.
Hyperthyroidism is most commonly associated with Graves’ Disease. Graves’ Disease is an
autoimmune disease in which the body’s own immune system is direcied against cellular and
secretory products of the thyroid gland. Hyperthyroidism can also be caused by excessive
production of hormone by a single "toxic” nodule, by thyroid carcinomas, and by medications
inclusive of potassium iodide. Clinical manifestations of hyperthyroidism range from very
mild to severe and may include weakness, increased fatigue, weight loss, changes in skin and
hair texture, intolerance to heat, perspiration, blurred vision, heart arrhythmias, and feelings
of emotional anxiety.

Hypothyroidism (thyroiditis) is marked by a depression of thyroid hormone
production which leads to progressive slowing down of all bodily activities. Three types of
thyroiditis are recognized: chronic, acute, and subacute. Chronic thyroiditis (or Hashimoto's
Disease) is not an infection or in the usual sense an inflammation, but like Graves Disease
is thought 10 involve an autoimmune reaction. Acute and subacute thyroiditis are normally
associated with bacterial and viral infections of the thyroid and are, therefore, self-limiting.
Prominent clinical manifestations of hypothyroidism include cold intolerance, dry skin and
sometimes thickening of the skin, hoarse voice, constipation, slow speech, weight gain,
fatigue, and emotional changes often confused with depression. In the adult, the thyroid
hormones also participate in some manner in the organization of cells. When thyroid
function is reduced or eliminated, certain cellular functions become disorganized. Two
typical exampies of this role are the epiphyseal dysgenesis and the myxedema. The
epiphyseal dysgenesis is manifested by the spotty and irregular calcification of skeletal
tissues. The myxedema ol hypothyroidism is characterized by the accumulation of an
abnormal protein in the interstitial spaces.

During childhood and puberty, thyroid hormones have a profound effect on the rate
of body growth and development. A reduced hormone level during this time causes marked
reduction in skeletal maturation and prevents full-body growth to adult dimensions. Thyroid
deficiency during human fetal life and the post-ratal period produces a profound diminution
in development and growth, including the central nervous system with a decided ioss of
intellect Decause radioiodide and stable iodide may uniquely affect fetal thyroid
development and function, these effects are discussed separately in Section 2.5.

222 Thyroid Nodules.

Single or multiple nodules of sufficient size may cause obvious enlargement of the
thyroid. Usually a nodular thyroid is asymptomatic, but with progressive growth, there may
be 2 visible enlargement in the neck, tracheal compression producing a sensation of choking
or coughing, and hoarseness. A nodule(s) refers to a rcplacement of the normal
homogeneous cytostructure of the thyroid with a histologic pattern ranging from colloid-
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filled cysts and colloid adenomas to follicular adenomas. Nodules are frequently associated
with fibrosis and, in some cases, there is evidence of hemorrhage and lymphocytic filtration.
In some patients, enlargement and nodularity of the thyroid are found on routine physical
examination. Since the incidence is 10 to 20 times as great in women as in men, and since
it develops and progressively increases in size during life, it is most frequently found in
females 50 to 70 years of age. It is not uncommon for nodules to remain undetected until
a post mortem examination.

Small nodules in euthyroid subjects require no therapy. If the gland is grossly
enlarged and causes a cosmetic problem or tracheal compression, resection may be indicated
along with thyroid hormone replacement therapy. The potential problems of thyrotoxicosis
and malignancy are discussed below.

A small percentage of thyroid nodules tend to produce thyroid hormones
uncontrollably and in excess (ie., the nodule is not under the regulatory control of the
pituitary gland and is clinically referred to as toxic nodular goiter). The presence of these
autonomously functioning thyroid nodules leads to hyperthyroidism (thyrotoxicosis).

Although the pathophysiclogical problems do not differ from that of other forms of
thyrotoxicosis, congestive heart failure, atrial fibrillation, and muscle weakness tend 1o be
more prevalent

Toxic nodular goiter, like Graves Disease, may be treated surgically (thyroidectomy)
or by therapeutic dose(s) with radioactive iodine. A frequent side #ffect of radioiodine
therapy is the induction of hypothyroidism years later.

Although some patients with thyroid nodules are never referred for evaluation or for
therapy, the sudden growth of one area of a multinodular gland, the palpation of an unusual
firm area, or the development of hoarseness may raise the question of malignancy. Thus
patients for whom surgery (or radioiodine therapy) has been recommended are obviously
highly selected because they have developed symptoms that brought them to a physician and
that were considered significant enough for referral. Among those patients who are
operated upon, the incidence of verified carcinoma (usually papillary adino-carcinoma)
varies from 2 to 20 percent Because of this frequency, some physicians view the presence
of multinodular goiter as sufficient indication for thyroidectomy.

223 Thyroid Adenomas

Adenomas are new growths of thyroid tissue having 2 homogeneous histologic pattern
surrounded by a capsule of fibrous tissue or compressed normal cells. Pathologically,
adenomas are principally of papillary and follicular forms. They may be present as a single
structure in otherwise normal glands, as two or three discrete adenomas, or they may be a
feature of the multinodular goiter. The most common variety is the follicular adenoma
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composec of large colloid-filled follicles. There is uncertainty whether these “colloid”
nodules are true adenomas.

Or clinical and laboratory examination most patients with thyroid adenomas are
euthyroid, and radioactive iodine uptake and scanning studies show that the nodule is "cold”
with an ability to concentrate iodide that is equal to or less than normal thyroid tissue. Less
frequently, thyroid adenomas produce excessive hormones leading to thyrotoxicosis. Thus
the clinical problem most often presented by the thyroid adenoma: is not the management
of the thyroid nodule, but the ability to differentiate such lesions from thyroid cancer.
Although the probability of malignancy is reduced for warm or hot (as compared to cold)
nodules, nevertheless, 3 to 10 percent of carcinomas are warm to hot Thus, clinical
examination and isotope scanning are not conclusive in establishing whether a nodule is a
benign adenoma or a malignant carcinoma.

Treatment Nodules with strong support for a benign diagnosis can be followed with
thyroid hormone suppressive therapy, and hyperfunctioning nodules can be ablated by
appropriately large doses of I-131. Nodules with suggestive findings on history (e.g.,
previous radiation exposure), those with biopsy or cytologic study suggestive of malignancy,
those that are cosmetically a problem, or nodules causing a real degree of anxiety are best
surgically resected.

The operative procedure is usually subtotal lobectomy if the lesion appears benign
and if there are no observable lymph nodes. If the diagnosis of adenoma is confirmed upon
histological tissue examination, no further procedure is required. If the lesion is malignant,
a more extensive procedure is carried out Patients who have a subtotal resection for a
benign adenoma commonly require permanent thyroid hormone replacement therapy.

224 Thyroid Carcinomas

Thyroid carcinomas are generally classified on e basis of cell origin and histological
profiles and inciude (1) papillary, (2) follicular, (3) medullary, and (4) anaplastic carcinomas.
Radiation is generally considered a causative agent only for the induction of papillary and
follicular carcinomas.

Papillary carcinoma. Nearly 80 percent of gll thyroid carcinomas (and about 90%
of radiatiop-induced thyroid carcinomas) are papillary tumors. Papillary lesions are
frequently very small and often found as incidentally observed microscopic tumors in glands
removed from some other lesion. Papillary tumors tend to metastasize early to lymph nodes
in the neck at a time when the primary tumor cannot be detected by physical examination
or by scanning. The tumor remains confined to cervical lymph nodes for a long time, but
may invade locally into strap muscles and the larynx, and metastasize to the lungs. Tumor
growth tends to be partially dependent on TSH and iz less aggressive in individuals under
the age of 40. Ten-year survival with various forms of therapy is up to about 90%.
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