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Fig. 1

Relatlonshlp of incidence of clinically detected malignant thyrolid tumors
versus radiation dose to the thyrold. Bars indicate 95% confidence limits.
Data collected by Beach and Dolphin.t Probably at least three times as many
Indlviduais have adenomas.

Fig. 2
intervei from radlation exposure to detection of thyrold carcinoma in a serles
of 20 patients. The average interval was 20 years.

Fig. 3

A photomicrograph ot an irradiated human thyroid showing a segment of a
papiilary carcinoma in the top left corner, a microtollicuiar adenoma in the
lower right, intermixed with normal and fibrotic thyroid tissue. (Photo kindly
provided by Dr. Francis Straus, Department of Pathology, University of
Chicago.)
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tended to be more frequently multicentric® than thyroid
carcinomas without such history. Based on our early studies,
we recommended that all patients who had received radia-
tion should be examined by a physician to rule out the devel-
opment of thyroid tumor and suggested that the medical
profession had the responsibility of finding patients who had
previously been given radiation treatments to the head or
neck.”

Through intentional (and unintentional) publicity in
the tay media, many individuals in the Chicago area who
had received x-ray therapy in youth sought examinations.
Among the first hundred patients screened in our clinic be-
cause of prior radiation history, all without prior knowledge
of thyroid disease, 26% were found to have abnormal glands,
15% were operated on, and 7% were found to have thyroid
carcinomas (Fig. 4).8 Subsequent analysis of another 200
patients has developed essentially the same pattern; the
overall incidence is now approximately 5% of carcinoma
among these patients. Extensive patient recall programs
conducted in Chicago,® Milwaukee,'* Detroit, Pittsburgh,
and elsewhere have substantiated these observations. it
seems probable that there are several hundred thousand
individuals across the country who have received signifi-
cant head or neck irradiation with thyroid exposure. A
statement urging screening of irradiated individuals for the
development of thyroid carcinoma has been released by the
American Thyroid Association and by the National Cancer
Institute.’”® A recent conference on the topic gathered 150
workers together at the University of Chicago; a summary
of their conclusions will be presented later.

Radiation and Tumor Induction

How does radiation to the thyroid induce malignancy?
The answer is unknown, as it is for the induction of any ma-
flignancy. It is thought that radiation may lead to mutational
change in DNA containing the genetic code, causing de-
repression of genes and allowing uninhibited growth of the
thyroid cell. This initiating event may be supported by pro-
moting factors such as thyroid-stimuiating hormone (TSH)
stimulation. Radiation may damage the biosynthetic capa-
bilities of the thyroid, producing an inefficient hormone
synthetic process, and resulting in increased TSH stimula-
tion. In animal experiments, elevated TSH augments the
formation of thyroid tumors, and suppression of TSH by
thyroid administration depresses post-radiation induction
of thyroid carcinoma.™ In animals, other stimuli to TSH
secretion such as long-term iodide deficiency and anti-
thyroid therapy also can independently produce carcinoma
or augment the incidence of carcinoma after radiation ex-
posure.’s It is, however, uncertain that iodide deficiency
or antithyroid drug therapy plays a similar role in man, but
the majority of the evidence does clearly indicate that radia-
tion exposure is highly significant.

Screening Programs—Some Difflcuit Problems

Thus the data show a relationship between radiation and
the development of thyroid carcinoma, and imply that seek-
ing and removing such tumors would be beneficial. As in
most situations, however, this simple relationship is clouded
by a variety of associated problems, which must be carefully
considered. Having aiready caused potential harm by use of
prophylactic irradiation, it is doubly imperative that any
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Fig. 4

Disposition and ciinical findings in a serles of 100 patients reviewed purely
because of a history of radiation exposure to the thyrold during chitdhood
or adolescence. Seven of the 15 patients operated upon were found {0 have
thyrold carcinoma.

new prophylaxis be achieved without added risk.

1. What is the spontaneous incidence of thyroid carci-
noma, and is the incidence of cancer truly increased by
radiation? When thyroid glands of patients coming to
autopsy (usually above the age of 40) are sectioned with
great care, over 6% are found to harbor tiny papillary carci-
nomas.'® These tumors are no larger than 1 cm, and 90%
are less than 0.5 cm in diameter. It has been suggested that
excessive concern over minor physical abnormalities in the
thyroid, or abnormalities found on isotope scan, may lead
to unnecessary operations with the detection of these tumors
and falsely suggest an association of radiation exposure
with carcinoma. Several points can be raised against this
hypothesis. The exact incidence of such tumors is notknown
in individuals between 20 and 40, who comprise the majority
of patients seen for radiation-associated thyroid cancer,
but it is probably less than 6%. Among the irradiated indi-
viduals coming to surgery, not 6%, but 30 to 50% have proven
carcinoma. Further, the tumors associated with radiation
are primarily targer than 0.5 cm, while 90% of the “spon-
taneous” tumors are less than 0.5 ¢cm in diameter.® It is
probable that some of the tumors thought to be associated
with radiation are in fact the “spontaneous” variety. It is
also possible, however, that the “spontaneous” tumors re-
flect the effect of unrecognized exciting events, inciuding
the 10 rads radiation to which we are all exposed by age 30.
These spontaneous tumors may be altered by radiation and
be the substrate on which x-rays work to develop more
aggressive tumors.

2. What is the actual percentage of irradiated thyroids
harboring carcinoma? This is not known with certainty.
At least 15% of individuais have definite nodularity after 700
rads exposure, and most series suggest that 5 to 7% of the
total will have carcinoma. It is also probable that if more
glands were resected, an even higher incidence of cancer
would be detected.

3. Are patients with radiation-associated tumors actu-
ally at risk of serious iliness or, to be more specific, of death?
The radiation-associated tumors behave fundamentally like
other thyroid carcinomas in young adults. Thus they are
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largely papillary on histology, metastasize primarily to the
neck, and only rarely cause death. Current evidence suggests
they are, if anything, slightly more aggressive than non-
radiation-associated tumors, and more typically multicentric.
It is, therefore, impossible to make the case that they can
be treated more casually than carcinomas of the thyroid in
general. One must, however, also acknowledge that thyroid
carcinoma is slow growing, that patients rarely die from the
tumor before age 40, and that in fact the incidence of death
is very low. The observation of a nodule in the thyroid, even
in an irradiated person, does not convey the same ominous
significance as does the observation of a fixed nodule in
the breast. Delay in resection of a carcinoma is not desir-
able, but it is probable that some delay in decision-making,
to allow definite confirmation of abnormatlity, rarely, if ever,
leads to loss of control of the tumor.

4. What dose of x-ray is significant? Linearity of inci-
dence of tumor and thyroid rad dose, between 100 and 700
rads, is indicated by the work of Beach and Dolphin,®
and studies by Hempetmann and co-workers suggest that
there may actually be no threshold.'” Certainly doses above
50 rads are tumorigenic. More recent studies by Modan and
co-workers'® suggest that even seven rads to the thyroid
may increase the incidence of thyroid carcinoma fivefold.
Thus the question of a threshold dose becomes blurred.
Most workers would suggest that a dose to the thyroid of

bout 50 rads would be definitely of medical significance.

5. Is there a safe time after which tumors will no
ronger develop? Current studies show that lesions become
evident during 20 years and even up to 30 to 35 years after
x-ray exposure. Even more prolonged latency is probable.
Our data suggest that the incidence of new tumors, benign
or malignant, is reduced after 35 years following radiation
exposure. Further information is needed to define this la-
tency period more adequately.

6. What sort of examination is indicated? Most “ex-
perts” believe a careful physical exam is the keystone in
evaluation. Any clear-cut thyroid nodule, or nodules, is a
definite danger sign. Questionable abnormalities probably
should be re-evaluated at another time, or by a colleague,
or after thyroid hormone suppression.

Isotope scans will occasionally pick up lesions missed
by careful examination, and routine thyroid scanning has
been advised by some workers. There is, however, the
hazard of over-interpretation of minor abnormalities on
poor gquality scans, and the hazard of radiation if ¥ is
used as the isotope. If scans are conducted, therefore, a
gamma camera with pinhole collimator should be used,
with 23} or *m TCO, as the agent (Fig. 5).

Other tests, including determination of T,, free thy-
roxine index (FTI), TSH, thyroglobuiin, and antithyroid anti-
bodies, are of interest in fully evaluating individual patients
who will possibly go to surgery, but have no proven vaiue
in initial screening for carcinoma. T4, FTI, and TSH levels

re almost always normal. Serum thyroglobulin, antithyroid
itibodies, antimicrosomal antibodies, and carcinoem-
oryonic antigen (CEA) are more frequently positive in ir-
radiated patients, but the tests do not provide definitive
diagnostic information."

Thyroid needle biopsy or fine needle aspiration may be
done, but these techniques are not widely available, and

Fig. §

A “clear-cut” cold nodule involving the right lobe of the thyroid, as depicted
by 31 Iimaging using &8 gamma camera and plnhole collimator. The vast ma-
jorlty of lesions are much less cbvious, and a significant hazard exlsts In
overinterpretation of scans with vague reduction in uptake ai the lower poles
of the lobes.

their utility in planning therapy for irradiated glands is yei
to be established.

7. What type of operation should be performed? There
is no unanimity in this area. Some surgeons report that the
tumors are frequently multicentric, that they often occur in
areas of the gland other than in the nodule which originally
led to the decision for surgical therapy, and that there often
are diffuse histologic abnormalities in the thyroid. These
observations have supported a near-total excision of the thy-
roid. Near-total thyroidectomy is defined as an operation
intended to remove most of the thyroid, but leaving some
tissue, if necessary, to preserve parathyroids or recurrent
nerves. Other surgeons feel that such extensive resection
for such a benign tumor is not indicated and may lead to
an excess incidence of hypoparathyroidism, recurrent nerve
damage, and even death.

8. What is the role for thyroid hormone replacement
therapy? Administration of thyroid hormone is known to
suppress development of cancers in irradiated animal
thyroid glands. High levels of TSH are (rarely) associated
with development of cancer in humans. The evidence that
suppression of TSH would be useful in irradiated patients
is suggestive, but no firm proof of its vaiue is currently
avaitable. Thyroid hormone suppression of pituitary TSH
secretion seems clearly indicated in individuals who have
detectable abnormalities in the thyroid, found either by
physical examination or scan, and who for some reason will
not undergo a thyroid resection. It is also ciearly indicated
in anyone who has previously had a thyroid resection, and
absolutely required if a carcinoma was present. It is less
certain whether “prophylactic” therapy is in order, but the
consensus of physicians interested in the topic is that sup-
pressive therapy is useful for patients for some indetermi-
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nate period such as 35 years after the time of radiation
exposure.

9. Is thyroid cancer, and x-ray, the only radiation-
associated hazard we should be alert to? Ongoing studies
show clearly that radiation exposure to the head and neck
induces a variety of tumors, and screening should best check
for all of these. There is a definite increase in parathyroid
adenomas® and parotid tumors, and in some studies it has
been shown that there is an increase in neurolemma tumors
and even in brain tumors. The cause of greatest concern at
the moment is the association of these tumors with external
radiotherapy. It is not proven that radioactive 'l therapy
for thyrotoxicosis, or '*'l used for radioactive iodine up-
take (RAIU) or scan, are associated with an increased inci-
dence of malignancy.
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Fig. 8

Evaluation of patients with a history of radiation as currently conducted in
the Unlversity of Chicago Clinics. Definlte nodules, or a definite localized
cold area on thyrold scan, Is considered indication for surgery. Most indivi-
duals who have no abnormality are foliowed on suppressive therapy with thy-
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rold hormone with free examination (physical examinaiion only) at yearly
intervals. Some physicians feel only nodules greater than 1 cm shouid be
considered significant, but in our clinic the rule is a clearly defined nodule
rather than & limitation by size,




Summary

Following are the recommendations made by the Con-
ference on Radiation-Associated Thyroid Cancer, held at
the University of Chicago, September 30-October 1, 1976.2°
This group felt that the medicai profession had the obli-
gation to inform patients of this heaith hazard, and to lo-
cate the irradiated subjecis if possible. Individuals with a
significant radiation exposure should have a careful physi-
cal examination, and if clear-cut nodule(s) is found, be
further evaluated by appropriate laboratory tests including
radioisotope imaging, hormone assays, and even needle
biopsy (Fig. 6). Isotope imaging should be done using a scin-
tillation camera with a pinhoie collimator, and either tech-
netium or '3},

The presence of a ciear-cut nodule detected by any
screening maneuver in a person with a significant history
of radiation exposure was accepted as an indication for sur-
gical resection. It was felt that the operation should be per-
formed by a surgeon with a special interest and com-
petence in the field in order to keep complications to a mini-
mum..The basic operative procedure recommended for re-
moval of a nodule in an irradiated gland was a total
lobectomy on the involved side and a subtotal lobectomy on
the contralateral side. |f the contralateral side was found
on inspection during the procedure to be abnormal, a near-
total thyroidectomy was indicated. A more extensive pro-
cedure might be indicated, depending upon the observations
of the surgeon during the operation. Replacement doses of
thyroid hormone were recommended in all individuals who
had abnormal glands not coming to surgery, ali patients who
had been operated upon, and was thought to have probable
{but unproven) prophyiactic vaiue in all irradiated subjects.
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