





ferentiated types, although one had a
second component of poorly differen-
tiated cancer. Of the cancers de-
tected prior to the beginning of the
screening program, about 80% were
larger than 1.0 ecm. After the initia-
tion of screening programs and the
wide recognition of the problem,
about 50% of the cancers that were
discovered were larger than 1.0 cm.

The time course over which these
thyroid nodules developed may be
seen in Figure 1. Three important
findings are shown in this figure:
First, there is approximately a 10-
year period after radiation exposure
before nodules begin to appear. Sec-
ond, females are more likely than
males to develop both benign and
malignant thyroid nodules. Third,
both benign and malignant thyroid
nodules have continued to occur with
no indication that the rates are
changing.

The patient whose scans are
shown in Figure 2 illustrates some of
the findings mentioned above. This
woman received a total of 750 R,
when she was 2 /2 years old, to
shrink her enlarged tonsils and ade-
noids. When she was first evaluated
at age 30, palpation and scanning of
her thyroid were normal. Twelve
years later, she returned with an
easily palpable 3 cm nodule in the
left lobe. The thyroid scan now
showed an area of decreased uptake
in the upper pole of the left lobe, cor-
responding to the palpable nodule.
In addition, the opposite lobe con-
tained a well-circumscribed area of
decreased uptake. Additional exami-
nation of the right side failed to re-
veal a palpable nodule. This case il-
lustrates the continuing occurrence
of large (what some refer to as “clini-
cally relevant”) nodules and also the
continuing occurrence of small nod-
ules that escape detection by
palpation.

Part of our program has been to
maintain surveillance for other, po-
tentially radiation-related tumors.
We have found an unexpectedly high
frequency of salivary gland tumors
and neurilemomas.® At the present
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Figure 1. Disease-free survival curves de-
rived from the proportional hazards model
(Cox analysis) for a subset of the population
consisting of 572 individuals who were
treated before the age of 15 to the tonsils
and adenoids. (Reprinted from Perkel et
al,® with permission.) The curves have been
adjusted to the mean dose and age at
radiation treatment.

time, we know of 85 salivary gland
tumors (19 malignant, 66 benign)
and 49 neurilemomas (34 in the
cervical area, 15 acoustic neu-
romas). It appears that both of
these types of tumors are con-
tinuing to occur. Further analysis

of these tumors and of the thyroid
gland nodules gave us the first evi-
dence that some individuals might
be more susceptible to the effects of
radiation. We found a greater than
expected occurrence of multiple tu-
mors in certain individuals.!®

We analyzed the clinical course
of 296 patients who had surgically
documented thyroid cancers.!! The
factors that were significantly re-
lated to the development of thyroid
cancer are listed in Table 2. A criti-
cal question abeout radiation-related
thyroid cancer is whether it behaves
any differently from thyroid cancer
in other settings. To answer this
question, we observed how often
these cancers recurred and deter-
mined which factors were related to
these recurrences. Three of the pa-
tients died of thyroid cancer. Figure
3 shows that, by 10 years after sur-
gery, thyroid cancer had recurred in
slightly more than 10% of the pa-
tients and, by 20 years after surgery
(for the small number of patients
who had surgery that long ago), re-
currences approached 20%.!!

The factors related to recur-
rences are shown in Table 3. None
of the factors related to the risk of
developing thyroid cancer (eg, radia-
tion dose) are related to the possi-
bility of its recurrence. Clearly re-
lated to the possibility of recur-
rence, however, are several charac-
teristics of the cancer at the time of
its initial removal—such as size and
the presence of lymph node metas-

Figure 2. Thyroid scans (anterior views) of the patient described in the text during two
thyroid screening evaluations 12 years apart.
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tases. Of the treatment factors,
there is evidence that thyroid hor-
mone suppression is effective, but
no evidence that more extensive
surgery or postoperative radioac-
tive iodine prevents recurrences.
The clinical course as well as the
factors related to recurrence that
we have observed for these thyroid
cancers lead us to conclude that
their behavior, so far, is the same
as that of well-differentiated
thyroid cancers that are not related
to radiation exposure.

Some Difficult
Problems—Revisited

Why does dealing with thyroid can-
cer raise difficult problems? First,
compared to other malignancies,
the morbidity and mortality associ-
ated with differentiated thyroid
cancer are quite low. For very
small thyroid cancers, these may
even approach zero. Therefore, it is
important that the treatment not
carry with it greater risks than the
disease itself. Second, those thy-
roid ecancers that do progress and
cause clinical problems do so over
long periods of time. Consequently,
studies must include a large num-
ber of patients who are followed for
a long period of time. Twelve years
ago, based on these considerations,
DeGroot raised the following nine

“difficult problems”:
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Figure 3. Recurrences of thyroid cancer in
296 cases as a function of time elapsed since
thyroidectomy. The points were calculated
according to the life-table method.

Table 2. Factors Related to
Development of Thyroid
Cancer

1. Increasing radiation dosage

Younger age at time of
radiation

3. Being female

1. What is the spontaneous
incidence of thyroid carci-
noma, and is the incidence of
cancer truly increased by ra-
diation? There can no longer be
any doubt that the incidence of thy-
roid cancer is increased by radia-
tion. It was difficult to arrive at
this conclusion because comparison
of the number of thyroid cancers in
irradiated patients to the number
in the general population depends
heavily on the methods employed.
Estimates of the number of thyroid
cancers are highest in autopsy
studies, where many small and in-
cidental thyroid carcinomas are de-
tected, and lowest in studies using
survey techniques that do not in-
clude examinations of the thyroid
gland. Some screening studies,
such as ours, demonstrate such a
high prevalence of thyroid cancer
that the lack of a control group,
other than the general population,
does not prevent the certain conclu-
sion that radiation is related to
thyroid cancer. However, several
well-designed epidemiologic studies
that include the necessary controls
have been carried out.

The work of Hempelmann and
his colleagues is most notable.
They studied approximately 2,800
children whose thymus glands
were treated with radiation and
compared the findings to those
from more than 5,000 siblings who
did not receive radiation treatment.
With an average follow-up of ap-
proximately 30 years, they ob-
served a relative risk of 45 for thy-
roid cancer.'>!®* Two population-
based case-control studies of thy-
roid cancer arrived at the same

conclusion, although with different
relative risks. Ron et al'* used the
Connecticut Tumor Registry to find
patients with thyroid cancer and
found an odds ratio for prior radia-
tion treatment of 2.8, while McTier-
nan and colleagues!® used a tumor
registry in western Washington and
found a relative risk of 16.5. In the
first reported study implicating oc-
cupational radiation exposure and
thyroid cancer, Wang et al com-
pared approximately 27,000 diag-
nostic x-ray workers in China to a
nearly equal number of nonexposed
medical workers.’® They found a
relative risk of 2.1 for thyroid can-
cer. The variation in relative risk
in these studies may be due, in
part, to different radiation doses.

In contrast, there is increasing
evidence that thyroid exposure to
radioactive iodine does not have ad-
verse consequences. In a retrospec-
tive cohort study of approximately
35,000 patients who had thyroid
scans, a search of the Swedish can-
cer registry failed to demonstrate
an increase in thyroid cancer.!” The
reasons for the difference between
internal and external irradiation
remain poorly understood.

2. What is the actual per-
centage of irradiated thyroids
harboring carcinoma? The inci-
dence of thyroid cancer is directly
correlated to the dose of radiation.
It is also influenced by the intensity
with which the thyroid gland is
examined and the length of follow-
up. In our study, many of the
smaller thyroid cancers were inci-
dentally discovered during a thy-
roidectomy that was performed to
remove a larger, more clinically evi-
dent thyroid nodule.’®'® We cur-
rently estimate that 14% of our ir-
radiated patients have developed
thyroid carcinoma. This percentage
must be adjusted for two factors be-
fore it can be applied to the evalua-
tion of specific patients. First, the
patient’s known risk factors (eg,
dose) must be taken into account.
Second, 14% represents cancers ac-
cumulated over many years, so that




Table 3:
Factors Related to Recurrence
of Thyroid Cancer

Related (p < 0.05)
Younger age at diagnosis of
cancer
Larger size of tumor
. Both lobes involved at diagnosis
. Follicular cancer
. Vessel invasion at diagnosis
. Lymph node metastases at
diagnosis

=
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Possibly related
0.05 <p < 0.10)
. Capsule invasion at diagnosis
. No thyroid hormone suppression
after surgery

Not related (p > 0.10)
. Sex
. Dose of radiation
. Age at time of radiation
. Multicentricity
. Extent of surgery
. Radioactive iodine treatment
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the risk at any given time is lower.
3. Are patients with radia-
tion-associated tumors actually
at risk of serious illness or, to
be more specific, of death? So
far, with the exception of anecdotal
reports, there is no evidence linking
the more highly aggressive anaplas-
tic or medullary carcinomas of the
thyroid to prior radiation therapy.
The differentiated thyroid cancers
that have been observed in irradi-
ated patients behave the same as
those that are found in nonirradi-
ated individuals.!! Thus, while the
mortality rate is low, it is not zero.
Samaan et al studied 125 patients
with thyroid cancer and a history of
radiation treatment and matched
each one to three nonirradiated pa-
tients with thyroid cancer.?? They
observed that the patients with a
history of radiation presented with
more widely disseminated disease
than the nonirradiated patients.
When this was taken into account,
there was no difference in the prog-

nosis whether the patient had been
irradiated or not. The data of Sa-
maan et al and of others, which
demonstrate the prognostic impor-
tance of the extent of the disease at
presentation, support screening
high-risk individuals to bring about
earlier detection.

4. What x-ray dose is signifi-
cant? The thyroid appears to be
one of the most radiation-sensitive
organs. As such, it is potentially a
useful marker of radiation effects.
The studies of Ron and Modan of
children whe received scalp irra-
diation demonstrated that as little
as 7 R to the thyroid can be associ-
ated with thyroid cancer.?! While it
remains unclear whether there is a
threshold, it is extremely important
to recognize the dose-dependent na-
ture of the risk. From a clinical
point of view, this is the most sig-
nificant factor in determining how
carefully to screen a given individ-
ual. From an investigational point
of view, this is an important factor
in comparing the findings of
different studies.

5. Is there a safe time after
which tumors will no longer de-
velop? As seen in Figure 1, the
answer is definitely no. The life-
table analysis used in the figure is
more closely related to the absolute
risk of developing thyroid cancer,
rather than to the relative risk. If
thyroid cancer in the general popu-
lation increases with age, then the
relative risk (which compares the
risk in irradiated individuals to the
risk in nonirradiated individuals)
may be declining. However, it is
not possible to tell whether a nod-
ule in a given patient is the result
of his or her prior radiation. There-
fore, it is the absolute risk, which is
certainly not abating, that is more
relevant to the clinical situation.

6. What sort of examination
is indicated? Every effort should
be made to obtain a precise history
of any radiation exposure. On occa-
sion, it becomes clear that radiation
was never used—for example, in
patients in whom ultraviolet light

was employed to treat acne. Also,
nonpenetrating x-rays, such as
Grenz rays, and brachytherapy (lo-
cal application of a radiation
source) have not been associated
with thyroid cancer. An accurate
estimate of the radiation dose is
very helpful in deciding upon the
extent of evaluation.

A careful physical examination
of the cervical area should include
attention to the thyroid gland, cer-
vical lymph nodes and salivary
glands. A thyroid scintigram is
able to detect thyroid neoplasms
that escape palpation. The decision
to perform scintigraphy should be
based on an assessment of the indi-
vidual patient’s risk factors—in-
cluding radiation dose, sex, age
when radiated, physical examina-
tion, ease with which the thyroid
can be examined and any other
relevant factors.

The only blood test of value in
screening is serum thyroglobulin.
Patients with normal examinations
and normal scans, but with ele-
vated serum thyroglobulin, are
more likely te develop thyroid nod-
ules than patients with normal se-
rum thyroglobulin levels.?? Pro-
gressively increasing serum thy-
roglobulin levels are also associated
with the development of thyroid
nodules.?? Therefore, in some pa-
tients, serum thyroglobulin can be
helpful in deciding whether a thy-
roid scan should be performed.
Thyroid hormone levels are not
helpful because thyroid function
has not been disturbed by the doses
of radiation used to treat benign
childhood conditions.

7. What type of operation
should be performed? Cur evi-
dence so far fails to demonstrate
that more aggressive surgery re-
duces the frequency of recurrences
or death.’! Deaconson et al reached
the same conclusion in a study of
40 patients with thyroid cancers
that were detected in their screen-
ing program.? However, only four
of the patients had had a lobectomy
or less extensive surgery, which
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limits the certainty of their conclu-
sion. Since there remains consider-
able controversy about the proper
operation for nonirradiated patients
with thyroid nodules, it is not sur-
prising that the issue is difficult to
resolve for patients with radiation-
related thyroid nodules as well. We
recommend a near-total thyroidec-
tomy, especially if the surgeon de-
tects neoplasms in both lobes. We
also recommend that if a lobectomy
is performed, it should be with the
plan of completing the thyroidec-
tomy should a large thyroid cancer
be diagnosed on the final pathology
sections.

For patients with small thyroid
nodules, especially those that are
detectable only by scintigraphy, the
evidence now appears to support
thyroid suppression therapy. This
is based largely on the observation
that the size of the thyroid cancer is
related to its potential for recur-
rence.!* If a small nodule is fol-
lowed carefully, by repeated scans
or ultrasound examinations, it can
be removed promptly if it begins to
enlarge. Our diagnostic recommen-
dation is usually based on whether
the nodule is large enough to be pal-
pated.

8. What is the role for thy-
roid hormone suppression ther-
apy? In some instances, thyroid
hormone therapy is clearly indi-
cated. Patients who have had thy-
roid cancer, no matter how exten-
sive their thyroidectomy, should re-
ceive thyroid hormone therapy.
This is also the case for patients
who have had thyroid surgery for
benign nodules.?® Patients with
nodules who have elected non-
surgical management should also be
on thyroid hormone therapy.

The major unanswered question
is whether thyroid hormone should
be used “prophylactically” in pa-
tients with a history of irradiation.
Our opinion is that it is indicated
for those patients who are at espe-
cially high risk, as measured by the
factors discussed above for deciding
on the thyroid scan. For this de-

cision we would choose a higher
level of risk than for deciding when
to perform a scan.'®

9. Is thyroid cancer the only
radiation-associated hazard we
should be alert to? Salivary
gland tumors are definitely related
to a history of irradiation. These
occur in all of the salivary glands,
but most often in the parotid gland.
Both benign and malignant tumors
oceur, with a ratio not too different
from the ratio for thyroid neo-
plasms. Benign neural tumors also
occur with increased frequency in
irradiated patients. In the cervical
area, these are neurilemomas that
usually occur without symptoms.
Acoustic neuromas, which are spe-
cial cases of neurilemomas, also oc-
cur with increased frequency. Fi-
nally, parathyroid adenomas have
been associated with radiation.
The most convincing study of this
association was based on screening
the serum calcium levels of 16,000
people in the Stockholm area.?®
Anecdotal reports indicate that
nonfunctional, as well as func-
tional, parathyroid adenomas occur
in irradiated individuals. A pre-
liminary analysis of parathyroid tu-
mors in our patients supports these
observations.

Additional Difficult
Problems: Directions
for Research

With the passage of time, the clini-
cal urgency that existed during the
1970s has abated and additional
questions have come into focus.
Four of these are of interest to us:
1. What is the prognosis of
radiation-related thyroid can-
cer in older individuals? In
nonirradiated individuals, it is well
documented that well-differenti-
ated thyroid cancer is more ag-
gressive in older patients. The ma-
jority of patients treated with ra-
diation in childhood during the
1940s and 50s are entering the age
range in which more aggressive be-

havior may appear. Since thyroid
cancers continue to occur and their
behavior may become more ag-
gressive, it seems most ap-
propriate to continue careful ob-
servation of irradiated patients.

2. What is the role of radio-
active iodine after surgery for
radiation-induced thyroid can-
cer? No evidence has been devel-
oped to indicate that radioactive
iodine reduces the recurrence or
mortality from radiation-related
thyroid cancer. However, it ap-
pears that the behavior of radia-
tion-related thyroid cancers is not
different from that of other thyroid
cancers. Therefore, it is reason-
able to use the same guidelines
that are employed for thyroid can-
cers in nonirradiated patients.
More information would be
helpful.

3. Are there factors that re-
late to an individual’s suscepti-
bility to developing radiation-
related thyroid cancer? We
found that multiple radiation-re-
lated tumors occurred in single
individuals more frequently than
would be predicted by chance.1?
One explanation for this observa-
tion is that some individuals are
more susceptible than others to
the effects of radiation. We ob-
tained further information sup-
porting this possibility by observ-
ing the occurrence of thyroid neo-
plasms and thyroid cancers in sib-
lings who were irradiated. We
found that siblings were concor-
dant more often than predicted by
chance, even after taking into ac-
count their individual risk factors.?
The ability to define susceptibility
factors would help determine how
to evaluate each patient and thus
could have considerable public
health impact.

4. What is the pathogenesis
of radiation-related thyroid
cancer? The regulation of thyroid
growth has been related to the
expression and regulation of thy-
roid cellular oncogenes (see S.
Melmed, Thyroid Today, Vol. X1,




No. 1, 1988). A previously un-
recognized oncogene has been de-
scribed in thyroid cancers.?” It is
possible that childhood irradiation
initiates a series of events at the ge-
netic level that leads to thyroid can-
cer. If thyroid cancer is caused by a
multiple-step process, then the
radiation might accomplish the first
step. This would greatly increase
the frequency of cancers when the
subsequent steps occurred at later
times in life. This predicts a clinical
result that is similar to what has
been observed—that is, cancers oc-
curring more frequently than usual
but of the same types and at the
same time as in the general popula-
tion. Further studies, particularly
of the genetic structure and expres-
sion of oncogenes in radiation-re-
lated thyroid cancers, will be very
instructive.
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