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Abstract
To provide a context for the Chernobyl thyroid cancer experience, a summary of the
findings from other studies is given. The data on external radiation and thyroid cancer
come primarily from studies of children irradiated for a variety of benign medical
conditions and the Japanese atomic bomb cohort. Unfortunately, only small amounts
of data are currently available on thyroid cancer following radioactive iodine exposure
in childhood. In order to predict the risk of thyroid cancer in the Chernobyl experience,
a number of radiation-related factors need to be considered: the magnitude of radiation
risk from available studies; shape of the dose-response curve; variations in risk by
gender, time since irradiation, and age at irradiation; the effects of dose fractionation or
dose protraction. Other considerations pertaining to the frequency of thyroid cancer
and its outcome are thyroid-tumor surveillance effects and background iodine intake.
The data to date suggest that 131I produces less thyroid cancer than a comparable dose
of external radiation, but the Chernobyl experience will provide extensive new
information on this issue. Principles are discussed as to how to maximize the scientific
validity and informativeness of Chernobyl thyroid studies.

This paper will consider what is known about the risk of thyroid cancer from 131I
exposure and what gaps still exist in our knowledge. The approach will be first to examine
what is known about thyroid cancer risk from acute, external irradiation in order to provide
a context regarding 131I exposure. Then studies of 131I exposure and thyroid cancer risk
will be reviewed and compared to external radiation risk. Finally, several scientific criteria
will be considered which will help assure that future studies are valid and provide the
maximum scientific information.



Studies in the literature have reported almost no thyroid cancers prior to 5 years
after irradiation [1]. The finding of apparent increases before 5 years in Chernobyl-
irradiated populations may be due to the extensive thyroid screening programs in Ukraine
and Belarus. One of the effects of screening is to cause earlier detection of the disease than
would occur otherwise. The duration of thyroid radiation effects is not well characterized.
The pooled analysis of five studies suggested that the ERR per Gy was greatest about 15
years after exposure, but it was still elevated 40 or more years after irradiation [2].

Some of the classic 131I studies were based on patients who received 131I treatment
for hyperthyroidism, where the thyroid doses were typically 60-100 Gy. One may nuestion
whether these data are meaningful for risk assessment. To address this, it would be
valuable to know what the external thyroid irradiation data tell us about the dose-response
at high doses. The data seem to indicate an approximately linear dose-response up to about
10 Gy, but the one available study with high doses [3] suggests that above roughly 10 Gy
the carcinogenic effect begins to level off, so that the risk per unit dose is lower at very
high doses. This implies that ' I studies of hyperthyroid patients may be misleading for
inferring risk at lower doses.

Unlike studies of external radiation where there is much thyroid cancer data from
childhood irradiation and little from adult irradiation, for 13II most of the available data are
based on adult exposures. Hence, changes in thyroid radiation sensitivity by age are
important to examine. Two years ago, for the first time, a good comparision of thyroid
cancer induction across the age range became available from the Japanese atomic bomb
study [4]. There is a striking decrease in radiation sensitivity for adult irradiation as
compared to childhood irradiation; the ERR coefficients per Gy for those irradiated at ages
0-9,10-19,20-39 and >40 were 9.5, 3.0, 0.3 and -0.2 respectively. It is clear that in order
to characterize thyroid cancer risk from I we must have information on childhood
exposures, because studies of adult exposure will probably provide negative information
that is not necessarily indicative of childhood exposure effects.

Table 2 summarizes the data for juvenile (i.e., under age 20) exposure to I31I. It is
evident that the data are very sparse, i.e., the juvenile populations are small and the number
of thyroid cancers few. Most of the 131I data suggest that the risk is less than for external
irradiation; however, interpretation is clouded by the small numbers of cancers and by the
fact that in some studies a fraction of the subjects were being evaluated for thyroid
conditions and in others the doses were very high, in the cell-sterilization range.

Hence, it is clear that we need more scientific information on thyroid cancer in
children and young people exposed to 131I. The Chernobyl accident provides the premier
opportunity to obtain such information because of the fact that a large population received
relatively high doses. For example, among those with thyroid measurements made just
after the accident, preliminary dose calculations in Ukraine and Belarus (prepared by Drs.
Likhtarev and Minenko respectively) show about 1,800 juveniles with estimated thyroid
doses over 5 Gy and another 5,000 with doses between 2 and 5 Gy. These numbers exceed
the total children with >2 Gy in all the other completed or ongoing studies of' 'i put
together.
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Table 2. Thyroid Cancer Excess Relative Risk (ERR) per Gy and Excess Absolute Risk (EAR) per Gy for
Studies with 1311 Exposure before the Age of 20 Years

Study (Reference)

Swedish diagnostic 13LI
[20,21]
FDA diagnostic 131I [22]

Utah 131I fallout [23]

Marshall Islanders [24]

Juvenile hyperthyroidism,
combined series [25-33]

# Irradiated
Subjects

2,408

3,503

2,473

127

602

Mean Dose
(cGy)

150

-80

17

-1,240 b

-8,800

Observed /
Expected
Cancers

3/1.78=1.7

4/3.7= 1.1 *

8/5.4= 1.5

6/1.2=5.0

2/~0.1=20

ERR/Gy(95%
CI)

0.25 (<0,2.7)

0.10 (<0,2.0)*

7.9 (<0,41)

0.32(0.1-0.8)

0.3 (0-1.0)

EAR/10"
Person-year
Gy

0.15

0.05'

3.3

1.1

0.1

~ Estimated for this tabulation from the data available.
* Expected value based on SEER registry data [34]. If the analysis is instead based on the internal control
group, among whom one thyroid cancer occurred, then the expected value is 1.4, and the nonsignificant ERR
and EAR values are 3.1 and 0.6 respectively. An approximate dose-response analysis showed an ERR of
0.85/Gy (95% CI= 0.04, 16) and an EAR of 0.2 per 104 person-year Gy (95% CI = 0, 1.9)

r, given that Chernobyl populations in principle provide the best
ruantify the effects o f 1 3 1 , we need to address the question of hov

However,
opportunity to quantify the effects of U 1 I , we need to address the question of how we can
design and execute studies that will be of the highest quality and will provide scientifically
valid risk estimates. Let us review several of the criteria against which to measure thyroid
irradiation studies. Comments will be directed towards three broad types of studies:
aggregate studies (often called "ecological" studies) in which thyroid cancer incidence
rates for various geographic regions and/or various time periods are compared; case-
control studies in which thyroid cancer cases are compared to a selection of persons
(typically matched to the cases on age and sex) without thyroid cancer with respect to
estimated thyroid doses and perhaps other characteristics; and cohort studies in which a
large number of persons with a range of defined doses are followed up for some period of
time to determine the frequency with which they develop thyroid cancer and to relate this
to the ascribed doses. The following paragraphs list some pitfalls regarding methods of
study and suggest how to maximize the scientific information we can glean from future
Chernobyl studies.

Aggregate studies are useful as preliminary scoping studies, i.e., one may use them
to get an idea of whether, at least crudely, there appears to be an association between
thyroid cancer incidence and approximate gradations of 131I exposure. However, in such
studies one does not know the actual doses received by the cancer cases or other
individuals. A serious limitation of aggregate studies is that it is difficult, and usually
impossible, to control for the effects of possible confounding factors, most notably the
intensity of thyroid screening which could seriously bias any quantitative estimates of risk
one might attempt to derive from such studies. A number of weaknesses and limitations of
aggregate studies have been identified [e.g., [5-9]]; the upshot of the literature is that the
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potential undetectable and unavoidable biases of aggregate studies are so great, they cannot
be relied upon for quantitative estimates of risk.

A cohort or case-control study needs reasonably accurate estimates of doses to the
individuals in the study. Obviously, doses that are systematically biased on the low or high
side will provide over- or underestimates of risk respectively. However, random error in
dose estimates will tend to produce an inaccurate estimate of risk as well. It is preferable
to derive individual doses with realistic estimates of the amount of uncertainty attached to
those doses, so that the risk estimates can potentially be corrected for dose uncertainty
using methods that are beginning to become available to epidemiologists.

The issue that the thyroid dose estimates in the Chernobyl experience may have
very limited accuracy and precision needs to be taken seriously, and thought should be
given to how to validate the dose estimates and how to realistically determine the degree of
uncertainty in doses estimated by various methods/instruments.

It is important that cohort or case-control studies of I have a substantial number
of study subjects with relatively high thyroid doses so that there is a wide range of doses.
Having a wide range of doses is essential if the study is to have adequate statistical power;
having high doses also permits one to derive more precise estimates of risk. As discussed
above, Chernobyl studies have the potential to excel in this respect.

In a cohort study it is important to carefully define the study subjects in a standard
way that is completely independent of disease status, so that a biasing correlation between
cancer incidence and thyroid dose will not inadvertently be built into the study. The safest
way to do this is to ensure that the investigator who defines the cohort does not have
knowledge of the potential study subjects' thyroid disease status (i.e., the investigator is
"blinded") and that sufficient effort is made so that the participation rate is high. The
principle of blinding also applies to those who work at trying to enlist subjects into the
study.

For a cohort study, a standardized protocol for thyroid examinations is essential, so
that examination procedures and frequency will be identical for individuals at all dose
levels. In addition, it would be desirable to keep the examiners blinded to the thyroid
doses of the individuals being examined so that unconscious biases will not creep into the
thyroid evaluations. However, since blindedness may be impossible to maintain, in that
dose levels are largely determined by geographic area, an alternative is to use a strictly
objective criterion as to which tumors to include, e.g., only tumors >1 cm on ultrasound
examination.

For a case-control study, it is imperative to try to control for the degree of thyroid
surveillance. Studies have shown that as much as seven times more thyroid cancers will be
found with thyroid screening than without it [10]. There naturally has been more intense
thyroid screening in high-exposure areas as compared with lower exposure areas, so this
correlation of dose with screening intensity can seriously bias the results. Any case-control
study therefore needs to be designed so that the cases and controls have had similar degrees
of thyroid surveillance which will minimize this bias.
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Another aspect of increasing the scientific value of a case-control or cohort study is
to elicit information on other possible risk factors for thyroid cancer in a standardized
fashion, so that these other variables can be controlled for if they are confounders or
examined as possible risk modifiers. For instance, studies have suggested that familial
thyroid cancer, Jewish ethnicity and childbearing may be risk factors for thyroid cancer [1,
11,12]. Animal studies have indicated that goitrogens increase thyroid tumor induction by
131I [13,14], so thyroid volumes and possible goitrogenic factors such as low iodine intake
may be worth investigating as co-factors in thyroid cancer induction.

In conclusion, while the epidemic of childhood thyroid cancer around Chernobyl is
first and foremost a public health crisis, it also affords an extraordinary opportunity to
obtain much-needed scientific information on thyroid cancer risk from 1 3 1 . However, we
need to maximize the the scientific quality of such studies by ensuring that the study
design and methodology meet the highest standards of epidemiological and clinical
research.
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