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Synopsis ....................................

Epidemiologic studies of medically and environmen-
tally exposed populations have been central to establish-
ing ionizing radiation as a cause of malignant and be-
nign thyroid tumors. Issues currently under investigation
concern low dose effects, age sensitivity, the relative
effectiveness of X-rays and iodine-131 in inducing thy-
roid cancer, and other risk factors. Excess thyroid tu-
mors continue to appear in irradiated populations under
study more than three decades after exposure.

T HREE HISTORICAL EVENTS are related to the study of
radiation-induced thyroid disease:
* the discovery of X-rays (external radiation) and radi-
oactivity (internal and external radiation) at the end of the
19th century, followed almost immediately by worldwide
medical applications;
* the discovery of nuclear fission in 1939, followed by
atomic bomb explosions in 1945 and later atmospheric
tests; and

* the production of radioactive iodine in 1942, followed
by manufacture and widespread use of iodine-131 in
1946.
Beginning in the early 1 920s, for more than 30 years it

was common medical practice to use ionizing radiation
to treat a variety of benign nonthyroid conditions of the
head, neck, and upper thorax of infants and children.
These conditions included enlarged thymus gland, hy-
pertrophic tonsils and adenoids, cervical adenitis, ring-
worm, and acne. Unfortunately, the thyroid gland fre-
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quently received direct or scatter radiation during
treatments. Short-term results appeared to be excellent,
and large numbers of people, possibly several million
worldwide, received radiotherapy for these conditions.
The association between irradiation of the thyroid

gland and thyroid malignancy was first suggested in
1950. Clinicians reported that among 28 children and
young adults with thyroid cancer, 10 had histories of
treatment with X-rays for thymic enlargement 4-19
years earlier, when they were less than 18 months old (1).
A number of small studies and reviews followed this
report, many confirming the association. There was,
nevertheless, hesitancy to incriminate prior X-ray treat-
ment as the cause of the observed thyroid cancers. At the
time, only leukemia and skin cancer were recognized as
radiation-induced and had been experimentally con-
firmed; the thyroid gland was considered radioresistant.
The first fairly large cohort study of the late effects of X-
ray treatment for thymic enlargement compared 1,400
children treated between 1926 and 1951 with 1,795 un-
treated siblings and with the general population of New
York State. The study was published as a preliminary
report in 1955 and revealed a significant increase of
thyroid cancer in the treated group (2). Experimental
verification soon followed.

Potential adverse effects from exposure of the thyroid
gland to nonmedical radiation sources were first men-
tioned in connection with radioactive fallout from nu-
clear explosions. The importance of fallout radioiodine
from atmospheric testing at the Nevada nuclear test site
was recognized around 1954, when radioiodine was
found in the thyroid glands of dairy cattle nearby. Later,
researchers identified milk as the principal source of
iodine-131 and children as the critical segment of the
population (3). A cohort study of children in Utah, Ne-
vada, and Arizona undertaken in 1964 was inconclusive,
as were other later investigations and analyses. In 1954,
accidental radioactive fallout occurred on three inhabited
atolls of the Marshall Islands in the Pacific, and thyroid
nodules began to appear among the residents 10 years
later. In the past several years, the issue of the car-
cinogenic effects of fallout radiation has been reopened,
and an expanded epidemiologic study of residents of the
American Southwest is now in progress. In addition, the

many military and other participants in nuclear tests at
the Nevada test site and in the Pacific are the subjects of
an ongoing mortality followup study. In Hiroshima and
Nagasaki, a detectable excess of thyroid tumors was first
noted in the atomic bomb survivors 16 years after the
detonations of 1945; a significant excess was noted a
decade later.

Childhood Exposure and Thyroid Neoplasia

Although the topic of radiation-associated thyroid tu-
mors concerns all age groups, at the present time there is
relatively little information about the oncogenic effects
of adult exposure. Followup studies of the consequences
of radiation exposure during infancy and childhood pro-
vide the most abundant and long-term data for risk analy-
sis. A number of epidemiologic cohort studies with thy-
roid gland dose data permit direct estimation of risk (4).
The researchers examined both external and internal radi-
ation exposures under differing circumstances and at
various absorbed dose levels and dose rates. The investi-
gations included studies of thymic-irradiated children in
the Rochester, N.Y., area (5) and in Ann Arbor, Mich.
(6); studies of X-ray epilation for tinea capitis in Israel
(7,8) and in New York City (9); the study of atomic
bomb survivors in Japan (10); and the followup of resi-
dents of the Marshall Islands exposed to radioactive
fallout (11). In these studies, the mean period of observa-
tion ranged from 20 to more than 30 years.
A significant excess of malignant tumors of the thyroid

was found in all of the studies of childhood exposure
except the tinea capitis study in New York City (9) and
the thymic enlargement study in Ann Arbor (6). The
exposed group in the New York City tinea study included
only 288 females (13 percent), a small number of the
most susceptible subgroup. In the Ann Arbor thymus
study, investigators found one thyroid cancer diagnosed
in a boy 9 years old who was among the 958 persons
exposed as infants, a finding that was not statistically
significant when compared with general population
rates. There have been no followup reports of the Ann
Arbor study. A significant excess of benign thyroid tu-
mors was reported in all studies except the investigations
of Japanese atomic bomb survivors, which did not report
on benign lesions.

In the studies, estimated absolute risks of radiation-
induced thyroid malignancy following early exposure
ranged from 2.1 to 6.1 cases per million children per rad
per year. The estimates were within the overall range of
1.6-9.3 cases in the 1972 and 1980 National Research
Council's reports based on extrapolations from studies at
higher doses (12). Benign adenomas generally occurred
two to three times more frequently than malignant neo-
plasms. Risk estimates remain tentative because tumors
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continue to appear in the irradiated populations under
extended followup.

Radiation Factors

Thyroid dose. The induction of thyroid neoplasia has
been studied over a wide range of estimated doses, from
6 to about 1,500 rad. There are uncertainties in the
derivation of dose estimates in each of the studies. In
some studies there appears to be a dose-response rela-
tionship. The carcinogenic thyroid dose of 9 rad esti-
mated in the Israel tinea study is unexpectedly low. Such
a low dose directs attention to the levels of radiation used
in some diagnostic procedures, particularly diagnostic
nuclear medicine procedures in which iodine- 131 is used
for thyroid imaging and function tests.

External versus internal radiation. External radia-
tion is radiation from a source outside the body, and
internal radiation comes from a source within the body as
a result of deposition of radionuclides in body tissues.
The risk of thyroid neoplasia following external X-irra-
diation of the thyroid has been conclusively demon-
strated in epidemiologic studies and in animal experi-
ments.
The tumorigenic risk of exposure of the thyroid to

internal sources of radiation, principally iodine- 131, is
less clear. Early animal experiments suggested that
iodine-131 is 10 times less effective than X-rays in in-
ducing thyroid cancer (13). Data from a more recent
large animal study by the Food and Drug Administration
(FDA), however, did not show differences in the effec-
tiveness of iodine-131 and X-rays in the induction of
thyroid malignancy (14). Among irradiated female rats
there were no differences in response to the two forms of
radiation from 80 up to 1,000 rad. The histologic types
of thyroid carcinoma, papillary and follicular, were sim-
ilar to those found in human studies.

Epidemiologic studies in progress may provide some
of the quantitative human data needed to clarify dif-
ferences in outcomes between external and internal radia-
tion exposure. The recently reopened and expanded
study by the University of Utah and collaborators, sup-
ported by the National Cancer Institute, is examining
residents of the Southwestern United States who were
exposed to low-dose, internal fallout radiation from
iodine- 131 during the period of atmospheric bomb tests.
Another study is being conducted by FDA with the
assistance of the Nuclear Regulatory Commission and
the National Cancer Institute. The study is designed to
investigate a possible association between exposure to
relatively low doses of iodine- 131, such as those used in
the medical diagnosis and evaluation of thyroid function
in children and adolescents, and the development of

thyroid neoplasms. A third study in progress is the con-
tinuing followup in Sweden of more than 10,000 mainly
adult patients who received iodine-131 for diagnostic
purposes for a suspected malignant thyroid tumor or
thyroid dysfunction (15).

Host Factors

Sex. Without exception, radiation-induced thyroid tu-
mors occur more frequently in females than in males-
up to a fourfold difference in incidence. The sex dif-
ference holds for almost all thyroid disease and is
thought to be related to the fluctuating hormonal status of
females. Differences in the sex distribution of study
subjects may contribute to differences in findings, as in
the two low-dose tinea capitis studies (7-9). Failure to
find thyroid cancer in the New York City study but not in
the Israeli study may be related in part to the small
proportion of females in the New York study.

Age. The sensitivity of infants and children to radia-
tion-induced neoplasia is established, and in the Israeli
tinea study an enhanced risk of cancer was noted in girls
irradiated when they were less than 6 years old. In
contrast to the many studies of thyroid tumors following
childhood irradiation, however, there have been few in-
vestigations of the effects of adult exposures. In an on-
going Swedish study of iodine-131 used diagnostically,
no increase in the incidence of malignant thyroid tumors
has been found to date after a mean followup period of 17
years (15). Of the group of 10,133 patients who received
diagnostic doses of iodine-131 between 1952 and 1965,
95 percent were adults.
Among the Japanese atomic bomb survivors, excess

thyroid cancers have been found in the total exposed
group, but data have not yet been published on dif-
ferences by age (10). On the island of Ronegelap in the
Marshall Isiands, a lower incidence of thyroid cancer in
those exposed as children than in those exposed as adults
is thought to result from very high doses causing exces-
sive cell destruction in the children (11). In the two
largest cohort studies of adults who received iodine-131
for the treatment of hyperthyroidism, increased risks of
thyroid cancer have not been observed to date (16,17).
However, followup periods have not been adequate, and
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the extremely large doses of iodine-131 administered for
therapy (thousands of rads) may have killed thyroid cells
before malignant changes could develop.

Ethnic background. The possibility of increased sus-
ceptibility to cancer development among Jewish study
subjects was recently reexamined in the total study group
of thymus-irradiated infants in Rochester, N.Y., and con-
firmation of an increased risk in the Jewish component of
the study group was reported (5). On the other hand, in
the Israeli tinea capitis study, in which the entire study
population was Jewish, there were sharp differences re-
lated to country of birth.

Latent period. A minimal latent period for thyroid
cancer induction of about 5-10 years and a peak inci-
dence 15-25 years after exposure are suggested by re-
ports now available. New cases are still coming to light,
some 40 years post irradiation, as the major studies
continue followup surveys. Latency appears to be unre-
lated to dose, and correlation with age cannot be made at
this time. For adenomas, minimal latency appears to be
about 10-15 years, a longer period than for malignan-
cies.

Types of thyroid disease. Radiation-induced malig-
nancies are indistinguishable from other thyroid cancers.
Radiation-induced thyroid carcinomas in humans, like
similar carcinomas in experimental animals, are pri-
marily of the papillary or follicular or mixed types and
are generally successfully treated. The small occult thy-
roid tumors found frequently at autopsy in the Japanese
group have no demonstrated clinical significance to date.
When study methods permitted the detection of benign
tumors, radiation-induced thyroid adenomas were found
in all the study populations in whom thyroid cancer was
induced. The increase of adenomas after irradiation was
about three times greater than that of carcinomas. There
is no evidence that adenomas are precursors of malignan-
cies. Other important thyroid diseases, such as hypo-

thyroidism and acute thyroiditis, seem to be associated
with higher doses of radiation than those commonly
leading to neoplasia.

Comment

Epidemiologic studies have played a primary role in
establishing the association between thyroid tumors and
radiation exposure, identifying some of the risk factors,
stimulating experimental animal studies, revealing low-
dose effects, and pointing to public health implications.

Because there are no pathognomonic signs to dis-
tinguish thyroid tumors induced by radiation from those
unrelated to radiation, it is difficult to estimate the contri-
bution of radiation exposure to all thyroid tumors. An
analysis of thyroid cancer data from the Connecticut
Tumor Registry for the years 1935-75 shows a pattern of
increase in incidence that coincides with the extensive
use of radiation therapy for benign head and neck condi-
tions among children from the early 1920s to the late
1950s (18). Cancer of the thyroid is responsible for
approximately 1 percent of all cancer cases in the United
States, with an estimated annual incidence of about
10,000 new cases. Fortunately, treatment is effective and
mortality is low; the estimated 1,000 annual deaths in the
United States are largely due to an extremely malignant
form of thyroid carcinoma. Present knowledge is ade-
quate to reduce the number of future cases of radiation-
induced cancer.
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Abstract...........................

FDA Perspective on Sodium

ALLAN L. FORBES, MD

This report was given at the Second Binational Svm-
posium: United States-Israel, held in Bethesda, Md.,
October 17-19, 1983. The complete paper was pub-
lished in the July 1983 issue of Food Technology, pages
73-77.

Sodium, an essential nutrient, is being consumed in
quantities that far exceed the amount necessary for nor-
mal development and health maintenance. The public
health concern about sodium is based primarily on its
relationship to hypertension. The current estimate is that
about 60 million people in the United States have hyper-
tension, ranging from borderline to severe. It is not yet
clear whether sodium intake is a major environmental
factor in causing hypertension. Nevertheless, sodium re-
striction and weight reduction for the overweight hyper-
tensive patient are among the most effective nondrug
therapies for hypertension.

Sodium in the diet comes from several sources. In
addition to that which occurs naturally in almost all
foods, sodium comes from salt and other compounds

added during food processing andfrom salt added in the
home during cooking and at the table and from water.
The total daily intake in the United States is estimated to
range between 5,600 and 7,600 mg. The National Acad-
emy of Sciences-National Research Council's Estimated
Safe and Adequate Daily Dietary Intake of sodium for
adults is 1,100-3,300 mg. Several major professional
organizations have emphasized the possible effect of so-
dium on hypertension or recommended lower sodium
intake by Americans.

As a practical approach to lowering sodium consump-
tion, the Food and Drug Administration in 1981 devel-
oped a predominantly voluntary program with the goals
of providing more sodium information to consumers on
food packages; decreasing the amount of sodium used in
processed foods; improving c onsumer understanding of
sodium labeling, along with providing greater knowl-
edge about the relationship between sodium and high
blood pressure and, ultimately, lowering the aggregate
sodium consumption by the general public. Major pro-
gress has been made on this program.
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