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Relatively little is known about variations in susceptibility to
the effects of radiation in the general population. We have
been studying 4296 individuals exposed as children to head
and neck radiation. The present study was designed to eval-
uate the pattern of thyroid, parathyroid, salivary, and neural
tumors in irradiated siblings for evidence of heritable sus-
ceptibility factors. We also wanted to determine whether the
characteristics of thyroid cancers were influenced by familial
factors. The following criteria were met by 251 sibling pairs:
both irradiated, both with follow-up (average, 44.3 � 9.4 yr;
range, 9.4–59.5 yr), and both with organ-dose estimates. For
each sibling pair we derived a quantitative score, taking into
account the length of follow-up and known risk factors, for

their concordance and used the sum of these scores to char-
acterize the population. Whether we used thyroid cancer or all
thyroid nodules as an end point, the degree of concordance
did not exceed what could be explained by the length of
follow-up and known risk factors. For thyroid cancer, neither
the presenting characteristics nor their rates of recurrence
were influenced by their concordance status. In summary, we
were unable to identify familial factors that modify the strong
effects of radiation exposure. There is no reason to alter the
evaluation or treatment of thyroid cancer in an irradiated
patient based on whether another member of the family has
radiation-related tumors. (J Clin Endocrinol Metab 89:
2185–2191, 2004)

IT HAS BEEN well established that external radiation to the
head and neck area during childhood increases the risk

of developing benign and malignant thyroid neoplasms (1–
3). Hyperparathyroidism, salivary gland neoplasms, and
neural tumors of the head and neck area have also been
associated with childhood external radiation exposure (4–9).
We have found a significant dose-response relationship
and/or an excess number of cases of each of these neoplasms
in a group of 4296 individuals who were exposed to external
radiation before their 16th birthday whom we have been
following since 1973. In this group, radiotherapy was used
to treat various benign head and neck disorders, mostly
enlarged adenoids and tonsils.

The study of this cohort has allowed us to look for patterns
of tumors that would suggest that there is variable suscep-
tibility to radiation in the general population. It is reasonable
to expect such variation because some rare hereditary dis-
eases, such as ataxia telangiectasia, are associated with a
striking increase in susceptibility to radiation (10). However,
it is less clear whether heterozygous carriers of these diseases
or polymorphisms in other genes, such as DNA repair genes,
are associated with radiation susceptibility (11–13). We hy-
pothesized that if there were such susceptibility, an individ-
ual who developed one radiation-associated neoplasm might
have an increased risk of developing a second. In a recent
analysis of our cohort we did not find this (14).

Here, we analyze the occurrence of head and neck tumors

in irradiated sibling pairs to look for evidence of familial
susceptibility. For the 251 informative sibling pairs in the
cohort, we determined whether the distribution of tumors
was random (i.e. based only on known risk factors, e.g. dose
of radiation) or whether familial factors are involved.

Fifteen years ago, we carried out a more limited analysis
(15). We revisited this question now because we have sub-
stantially improved the quality and quantity of the data as
well as the statistical analysis. Many more thyroid and other
head or neck neoplasms have developed during the 15 yr
of follow-up, individual organ doses have been estimated
(1), and there is a better understanding of risk factors for
parathyroid, salivary, and neural tumors, including dose-
response relationships for parathyroid and salivary neo-
plasms. We also devised new methods to include a wider
range of neoplasms in the analysis.

As we observed an apparent excess of tumor concordance
(presence or absence of neoplasms) in sibling pairs, we tested
the hypothesis that after taking known risk factors into ac-
count, this excess was not a result of chance alone. We also
examined thyroid cancers to determine whether their char-
acteristics and behavior in one sibling were related to the
presence of a radiation-related neoplasm (concordance) in
the other sibling.

Subjects and Methods
Population at risk

Of 5373 patients who received external radiation treatment at Michael
Reese Hospital between 1939 and the early 1960s for benign conditions
of the head and neck area, 4296 were treated with conventional external
radiation before their 16th birthday (1). These 4296 patients comprise the
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study cohort. Radiation doses to specific organs were estimated for 3842
patients in the cohort (1). Follow-up was continued through December
31, 2000.

Sibling groups

There were 677 subjects in sibling groups (two or more individuals)
in the cohort of 4296 patients. Sixty-four individuals (32 pairs) were
excluded because of the absence of follow-up information for one or both
members of the sibling group. Of the 613 remaining subjects, 88 indi-
viduals (44 pairs) were removed for lack of thyroid-specific doses in one
or both siblings. Among the remaining 525 individuals there were sev-
eral sibling groups of three or four individuals. In these cases the elder
two siblings were included in study. As a result, from three family
groups with four members, six individuals were removed, and for 17
family groups with three members, 17 individuals were removed. This
resulted in 502 individuals in 251 sibling pairs for the present study (Fig.
1). The mean (�sd) follow-up for these 502 individuals was 44.3 � 9.4
yr (range, 13.7–59.5).

Follow-up, dosimetry, and definition of neoplasm end points

Information for this family study was obtained from the general
surveys conducted for the entire cohort. Self-administered question-
naires were sent by mail. Included with the surveys was information
about the potential risks of childhood radiation exposure. When a neo-
plasm was reported to us, based on surgery or other diagnostic findings,
we obtained and reviewed the relevant medical records and specimens.

In analyzing thyroid cancer, years at risk was the time from initial
radiation treatment to the date of first diagnosis for cancer (for those who
developed cancer) or to the end of last known follow-up (for those who
did not). The same model was used for neural (meningiomas, acoustic
neuromas, and other Schwann cell tumors of the head and neck area) and
salivary gland (benign and malignant) tumors.

Hyperparathyroidism was defined as elevated calcium levels with

elevated PTH levels and/or surgical correction of hypercalcemia by
removal of one or more parathyroid glands. For those with hyperpara-
thyroidism, years at risk were calculated from exposure until the date
of surgery or, for those who did not have surgery, the date when the
diagnosis was confirmed by an inappropriately high PTH level.

All 83 observed thyroid cancers, regardless of size, were included in
the analysis. For seven of them, the size was not known, 32 were less than
10 mm (including 11 considered microscopic), and the remaining 44
(53%) were 10 mm or more. For some analyses, benign and malignant
thyroid neoplasms were considered as a single end point. Previously, we
showed that approximately 90% of the members of this cohort have
ultrasound-detected thyroid nodules (16). Therefore, we limited this end
point to neoplasms that were 10 mm or more in largest dimension
determined at the time of surgery, by ultrasound, or by other diagnostic
means. For this end point years at risk was defined as the interval
between the date of initial radiation treatment and the date of surgery
for nodules or, for those who did not have surgery, the date of diagnosis.
The group consisted of 180 individuals with thyroid neoplasms (nod-
ules) confirmed by surgical pathology to be malignant or benign and 10
mm or larger. Another 17 individuals with nodules were included based
on the following findings: 14 had ultrasound documented nodules 10
mm or larger, and three had nodules 10 mm or larger by palpation.

Organ-specific radiation doses were estimated as reported previously
(1). The dose for the thyroid gland was also used for the parathyroid
glands. A weighted average of the doses to the different salivary glands
was used as described previously (7). It is not possible to determine an
average dose for the whole group of neural tumors given the wide range
of tumor locations, so no dose estimates for these tumors are available.

Risk factor analysis

For each individual, we needed to calculate the risk that they would
develop each of the tumor end points (thyroid cancer, thyroid nodules,
hyperparathyroidism, and salivary or neural tumors). We adapted sta-
tistical methods that were previously described in detail (14, 15). In brief,
Cox proportional hazards analysis was used to define significant risk
factors, taking years at risk into account (17). Each tumor end point was
analyzed separately, and years at risk was specific to each end point. For
example, individuals who developed thyroid cancer remained at risk for
the other tumors until the end of their follow-up periods. For each risk
factor (covariate) the regression coefficient and upper and lower con-
fidence intervals were calculated, and a factor was considered significant
if the range of the upper and lower 95% confidence intervals did not
include 1.0. For both thyroid end points, dose, sex, and age at exposure
were significant risk factors; for salivary tumors and hyperparathyroid-
ism, dose was a significant risk factor, and no significant factors were
found for the neural tumors. Risks are expressed as excess relative risk.
Excess relative risk (ERR) and relative risk (RR) are related as follows:
ERR � RR � 1.

The risk that an individual would develop each of the tumor end
points was estimated as the cumulative hazard derived from the Cox
analysis as follows. For each individual for each tumor, based on the
number of years at risk, a basal hazard, with all covariates set at zero,
was determined. Then the cumulative hazard was calculated, using the
individual’s actual set of risk factors. As a check, we confirmed that the
sum of the cumulative hazards for all individuals for each tumor equaled
the number of the tumors observed.

Methods for defining familial factors

We are testing the hypothesis that familial effects influence the risk
of development of radiation-induced head and neck neoplasms. If this
were true, then the distribution of tumors within family pairs would not
be accounted for by known risk factors. On the other hand, if familial
factors do not influence the risk of development of these tumors, after
taking into account years at risk, sex, age at exposure, and radiation dose,
then the distribution of tumors would be independent of family pairs.

To test this hypothesis, for each individual we determined a residual
for each tumor. The residual was defined as zero minus the cumulative
hazard for subjects who did not develop the tumor and 1 minus the
cumulative hazard for those who did. Each individual was then given
a score equal to the sum of the residuals for the four tumors included
in the analysis. Two sets of four end points were used: thyroid cancer

FIG. 1. Identification of the 251 sibling pairs who comprise the study
population.
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or thyroid nodules plus the other three tumors (parathyroid, salivary,
and neural). The presence of neoplasms in both siblings or the absence
of neoplasms in both indicated concordance. The more similar the re-
siduals in the siblings (in either the positive or the negative direction),
the stronger the concordance. Therefore, the product of the two residuals
for each pair, referred to as the concordance score, was used as a quan-
titative measure of concordance. Concordant pairs have positive scores
(the product of two positive or two negative numbers), and discordant
pairs have negative scores.

The population of the 251 sibling pairs was characterized by the sum
of the concordance scores. This sum has the property that when it is
positive it indicates an excess of concordance, and the greater the num-
ber of concordant pairs, the higher it is. The sum of concordance scores
was used to test the null hypothesis that concordance occurred ran-
domly. To do this, the 502 individuals were used to randomly recon-
struct 251 sibling pairs and to calculate the sum of concordance for the
hypothetical population. This random pairing was performed 103 times,
and 103 sums of concordance scores, with an average value of zero, were
obtained. The null hypothesis could be rejected at level 0.05 if the sum
of concordance scores for the actual sibling pairs was greater than 95%
of the sums of concordance scores for the randomly generated permu-
tations. Given the number of sibling pairs and the observed prevalence
of neoplasms, and assuming that the Cox modeling removes effects due
to sex, dose, and age at exposure, there is a greater than 80% power to
detect an attributable risk of 4% (correlation coefficient: r � 0.2; r2� 0.04)
using either thyroid cancer or thyroid nodules.

As a check on this methodology, familial effects were also assessed
using interclass correlation of the residuals (18).

Analysis of thyroid cancer behavior with respect to sibling
concordance

We used the following analytical methods to determine whether
thyroid cancers in concordant sibling pairs differed from thyroid cancers
among patients whose sibling had not developed a radiation-related
tumor. The thyroid cancers were divided into two groups, defined by
the status of the sibling, and were compared for presenting features
by t test, for categorical variables by �2 analysis, and for recurrence by
comparing the Kaplan-Meier plots using the log-rank and Breslow tests
(SPSS, Inc., Chicago, IL).

Results

In the 502 individuals included in this study, there were
83 thyroid cancers, 197 thyroid neoplasms (benign and ma-
lignant), 15 cases of hyperparathyroidism, 14 salivary neo-
plasms, and 15 neural tumors.

Analysis of the distribution of neoplasms in families

Tables 1 and 2 show the distributions of neoplasms in the
sibling pairs and the observed frequency of concordance. In
Table 1, cancer is the thyroid-related end point, whereas in
Table 2, nodules, including cancer, as defined in Subjects and
Methods, is the thyroid-related end point. The other three end
points (hyperparathyroidism, benign and malignant salivary
neoplasms, and neural tumors) are the same in both tables.
As a preliminary analysis of concordance, we compared ob-
served vs. expected using simple binomial probabilities to
determine the latter for all specific tumor combinations. The
expected values shown in the tables, therefore, depend on
the proportion of different tumors in the cohort, but not the
presence of known risk factors or the length of follow-up.
With thyroid cancer as the end point, the number of pairs
concordant for no tumors and the pairs concordant for tu-
mors were similar to those expected (152 vs. 146.36 and 13 vs.
13.91, respectively). With thyroid nodules, including cancer,
as the end point, there was an apparent excess of sibling

concordance for the absence of tumors (87 vs. 77.35). There
was no apparent excess of concordance for both siblings
having tumors (50 vs. 49.22), except when one or both had
multiple tumors (11 vs. 7.19).

Figures 2 and 3 show the results of the analyses taking the
length of follow-up and risk factors into account. In Fig. 2,
cancer is the thyroid-related end point, whereas in Fig. 3,
nodules, including cancer, is the thyroid-related end point.
The top panels of these figures show the individual residuals,
the difference between the observed and the expected num-
ber of tumors for each of the 502 individuals comprising the
sibling pairs. The middle panels of these figures show the
products of the sibling pair residuals, the measure of con-
cordance in each of the 251 sibling groups. The bottom panels
show the sum of products (the population concordance
score) of actual sibling pairs in relation to the 103 concordance
scores generated by random permutations and the fitted
normal curve centered on zero, where zero is the distribution
showing no concordance. The probability that the observed
distribution is not due to chance (the level of significance) is
shown by shaded areas under the curve. Using cancer as the
thyroid-related end point, the null hypothesis could not be
rejected (P � 0.32). Similarly, using thyroid nodules, includ-
ing cancer, although the P value was borderline, the null
hypothesis could not be rejected (P � 0.075).

We calculated the interclass correlation to determine the
total variance of the residuals that is attributable to variation
among families (Table 3). Familial variation accounts for only
2.4% of the total variance when thyroid cancer is one of the

TABLE 1. Observed and expected (uncorrected for years at risk
and other risk factors) number of tumor combinations with cancer
as the thyroid end point

Sibling 1 Sibling 2
Observed ExpectedNo. of

tumors
Type No. of

tumors
Type

None None 152 146.36
1 None 77 84.42

ThyCa 54
Para 7
Sal 7
Neur 9

2 None 8 6.03
ThyCa, Para 4
ThyCa, Sal 2
ThyCa, Neur 2

3 None 1 0.16
ThyCa, Para, Neur 1

1 1 8 12.17
ThyCa ThyCa 6
ThyCa Neur 1
Para Neur 1

2 1 5 1.74
ThyCa, Para ThyCa 1
ThyCa, Sal ThyCa 1
ThyCa, Sal Sal 1
ThyCa, Neur ThyCa 1
Sal, Para Sal 1

ThyCa, Thyroid cancer; Para, hyperparathyroidism; Sal, salivary
gland tumor; Neur, neural tumor. For the purpose of showing all
combinations, sibling 1 in this table is the one with the larger number
of neoplasms. For each combination, the total expected is shown, but
only the observed tumor patterns are listed. The additional combi-
nations were not observed and account for 0.12 expected cases.
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end points and for only 9.1% of the variance when thyroid
nodules is used as one of the end points. The estimates of
the significance of between-family significance agree very
closely with the permutation method, as described above.

Clinical behavior of thyroid cancer according to
concordance in family

To determine whether the presence of a radiation-related
neoplasm in a sibling influenced the characteristics or clinical
behavior of the 83 thyroid cancers included in this study, we
made two comparisons. For each comparison, we divided the
cancers into two groups depending on whether the sibling
had a tumor (was concordant) or not. In the first comparison,
a concordant sibling was considered one with thyroid cancer,
hyperparathyroidism, a salivary tumor, or a neural tumor. In
the second comparison, a concordant sibling was considered
one with a thyroid nodule, including cancer, hyperparathy-
roidism, a salivary tumor, or a neural tumor. In the first
comparison there were 20 concordant thyroid cancers and
63 discordant ones, whereas in the second comparison
there were 38 concordant and 45 discordant thyroid cancers
(Table 4).

We compared the characteristics of the thyroid cancers
according to the status of the sibling, looking for features
associated with more aggressive behavior in cancers in con-
cordant sibling pairs (Table 4). However, there were no sig-
nificant differences in latency, age at development, size,
lymph node involvement, and multifocal or bilateral pre-
sentation of the cancers. Using Kaplan-Meier analysis, the
disease-free survival times were compared for the thyroid

cancer groups (Fig. 4). Although the concordant cancers
tended to show a higher rate of early recurrence, the differ-
ences were not significant and diminished with time.

Discussion

The primary goal of this study was to examine the pattern
of radiation-related neoplasms in sibling groups for evidence
of concordance above what could be explained by known
risk factors. The methods that we developed for this analysis
achieved four goals. First, they were able to account for time
at risk and known risk factors. Second, they took into account
multiple end points: in this case, thyroid tumors, hyperpara-
thyroidism, salivary neoplasms, and neural tumors. Third,
they were able to give individual weights to concordant and
discordant pairs. For example, concordant pairs with mul-
tiple tumors had a greater weight than pairs in which each
sibling had a single tumor. Fourth, they took into account
concordance where both siblings had tumors and where
neither sibling had a tumor. This is important because if there
are genetic factors, they could, in principle, increase or de-
crease susceptibility to the effects of radiation.

Using these methods, we found that there was no excess
concordance in sibling pairs; in other words, no evidence for
familial risk factors. In addition to shared genetic factors,
siblings would be exposed to common environmental factors
during childhood and adolescence, as it is highly likely that
they would have grown up in the same household. Thus, the
findings do not support the existence of heritable or envi-
ronmental factors that substantially alter radiation suscep-
tibility in this group.

TABLE 2. Observed and expected (uncorrected for years at risk and other risk factors) number of tumor combinations, using nodules as
the thyroid end point

Sibling 1 Sibling 2
Observed ExpectedNo. of

tumors
Type No. of

tumors
Type

None None 87 77.35
1 None 101 114.19

ThyNod 90
Para 2
Sal 4
Neur 5

2 None 13 9.47
ThyNod, Para 5
ThyNod, Sal 3
ThyNod, Neur 5

1 1 39 42.03
ThyNod ThyNod 35
ThyNod Neur 1
ThyNod Sal 2
Para ThyNod 1

2 1 9 6.97
ThyNod, Neur ThyNod 2
ThyNod, Para ThyNod 4
ThyNod, Sal ThyNod 1
ThyNod, Sal Sal 1
ThyNod, Para Neur 1

3 1 1 0.20
ThyNod, Para, Neur ThyNod 1

3 2 1 0.02
ThyNod, Para, Sal ThyNod, Sal 1

ThyNod, Thyroid nodule; Para, hyperparathyroidism; Sal, salivary gland tumor; Neur, neural tumor. For the purpose of showing all
combinations, sibling 1 in this table is the one with the larger number of neoplasms. For each combination, the total expected is shown, but
only the observed tumor patterns are listed. The additional combinations were not observed and account for 0.77 expected cases.
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Could biases in the reporting of data to the study or in the
intensity of medical attention received by the participant
account for the findings? Although these factors cannot be
discounted, it is expected that they would account for in-
creased, rather than decreased, concordance. If one sibling
develops a radiation-related neoplasm, it would be more
likely that the other sibling would have a heightened aware-
ness of the risk and would seek medical attention. Also, when
one sibling provides information to the study, it facilitates

obtaining information from the other sibling, again increas-
ing the chance of observing concordance. Other factors could
contribute to concordance. Radiation-associated thyroid can-
cer may be more common in Jews, and most of the individ-
uals in this cohort are Jewish. However, our information
about religion is incomplete, so an analysis taking this into
account was not possible. Family history and shared envi-
ronment could also contribute to concordance, but would be
expected to increase, rather than decrease, it.

FIG. 2. Analysis of concordance in the 251 sibling pairs using thyroid
cancer, hyperparathyroidism, salivary neoplasms, and neural tumors
in the analysis. The top panel shows individual residuals, as defined
in Subjects and Methods, for the 502 subjects in the study. The dis-
tribution is explained by the fact that the number of tumors any
individual had was zero, one, two, three, or four, and from this, the
expected value for each tumor, a positive number, was extracted. The
sum of the values is zero, i.e. the expected number of tumors equals
the observed number. The middle panel shows the distribution of the
products of the residuals. Values greater than zero indicate a con-
cordant sibling pair (i.e. the product of two positive or two negative
values). The sum of the products is the observed concordance score for
the population and is shown by the vertical arrow, labeled “observed,”
in the bottom panel. The bottom panel shows that the observed pop-
ulation concordance score was larger than 68% of the scores generated
by random permutations (i.e. P � 0.32).

FIG. 3. Analysis of concordance in the 251 sibling pairs as described
in Fig. 2, except using thyroid nodules (as defined in Subjects and
Methods), including thyroid cancer in the analysis. The observed
population concordance score was larger than 92.5% of the scores
generated by random permutations (i.e. P � 0.075; bottom panel).

TABLE 3. Intrafamilial correlations of residuals by ANOVA for
models using thyroid cancer (left) and thyroid neoplasms (right) as
components of the end points

df Mean
square Significance Mean

square Significance

Between-family 250 0.288 0.350 0.575 0.076
Within-family 251 0.273 0.478
Intraclass correlation 0.024 0.091
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Using cancer as the thyroid-related end point had the
advantage of being unambiguous. In these analyses, there
was no evidence of a susceptibility effect, and the estimated
(nonsignificant) risk ascribable to family factors was only
2.4% (intraclass correlation). In an earlier study, we found
more support for concordance when thyroid nodules, in-
cluding cancer, were considered as the end point (15). How-
ever, as in the initial observations more than 15 yr ago, we
have recognized, with the use of ultrasound examinations,
that about 90% of the subjects in this study have thyroid
nodules (16). Therefore, we adopted the criteria described
above to include only the larger and potentially clinically
significant benign nodules. Although there is some support
for excess concordance in these analyses, with an ascribable
risk of 9.1%, the findings are not statistically significant. It
should be noted that in addition to the large number of
tumors that accumulated in the intervening 15-yr interval,
the current analysis uses specific organ-dose exposure esti-
mates that were not available for the earlier study.

There is good reason to expect that there are genetic ra-
diation susceptibility factors (19). The syndrome of ataxia
telangiectasia, caused by a recessive mutation in the ATM
gene, includes a marked increase in radiation sensitivity. It
is estimated that about 1% of the general population is het-
erozygous for ATM mutations. ATM plays a central role in
the response to radiation damage, either promoting apopto-

sis or facilitating DNA repair. There is some evidence, based
on a small number of cases, that heterozygous women are at
increased risk for radiation-related breast cancer (20). Poly-
morphisms in the genes directly active in DNA repair, pre-
sumably producing small quantitative changes in function,
are candidates for producing variations in radiation suscep-
tibility (12). Evidence supporting this concept comes from
epidemiological studies of patients who develop second can-
cers after treatment of a first one (21, 22). Information about
cancer and other neoplasms in first degree relatives (espe-
cially parents and siblings) not exposed to radiation will be
obtained in the future, as these may shed additional light on
genetic susceptibility factors.

In considering radiation susceptibility, it is tempting to
assume that exposed individuals who develop tumors are
more susceptible than similarly exposed individuals who do
not. However, if this were true, it would be expected that an
individual who develops one tumor would be more likely to
develop a second. We did not find this, as reported previ-
ously (14). Similarly, it is often assumed that susceptibility
has a genetic component. If this were true, then concordance
in exposed sibling groups would exceed what is predicted
based on known risk factors. Again, we did not find this.
Thus, it appears that although radiation has been a potent
carcinogen in this group, it has acted rather randomly.

The findings show the difficulty in assigning a suscepti-

TABLE 4. Characteristics of the 83 thyroid cancers, categorized according to the presence or absence of radiation-related neoplasms
(parathyroid, neural, salivary, and either thyroid cancer or thyroid nodules, including cancer) in the sibling

All siblings Siblings with
thyroid cancer

End points include thyroid cancer End points include all nodules

Concordant Discordant Concordant Discordant

No. in group 502 83 20 63 38 45
Age at Rx (yr) 4.0 � 2.6 3.7 � 2.8 4.5 � 3.0 3.4 � 2.6 3.9 � 3.0 3.50 � 2.6
Gender (% male) 59.7 (300 of 502) 50.6 (42 of 83) 50.0 (10 of 20) 50.7 � (32 of 83) 57.8 (22 of 38) 44.4 (20 of 45)
Thyroid dose (cGy) 63.0 � 31.3 65.6 � 39.8 58.1 � 21.0 67.9 � 44.0 69.7 � 49.5 62.1 � 29.5
Age at Sx (yr) 30.9 � 10.1 31.7 � 13.0 30.6 � 9.1 30.9 � 11.3 30.9 � 9.1
Latency (yr) 27.23 � 9.2 27.2 � 11.3 27.2 � 8.6 27.0 � 10.1 27.4 � 8.6
Size (mm) 15.0 � 11.1 11.1 � 7.4 15.2 � 11.8 12.2 � 11.5 15.1 � 16.7
Lymph nodes

(% present)
40.0 (32 of 80) 44.4 (8 of 18) 38.7 (24 of 62) 41.6 (15 of 36) 38.6 (17 of 44)

Multicentricity
(% present)

59.5 (47 of 79) 52.9 (9 of 17) 61.2 (38 of 62) 57.1 (20 of 35) 61.3 (27 of 44)

Bilaterality
(% present)

26.6 (21 of 79) 35.2 (6 of 17) 24.1 (15 of 62) 34.3 (12 of 35) 20.5 (9 of 44)

Benign nodules
(% present)

60.3 (47 of 78) 50.0 (8 of 16) 62.9 (39 of 62) 50.0 (17 of 34) 68.2 (30 of 44)

FIG. 4. Recurrence of thyroid cancers
according to the presence or absence
of one or more radiation-related neo-
plasms in the sibling. Disease-free sur-
vival, shown by Kaplan-Meier plots, is
shown. For the left panel, concordance
includes thyroid cancer in the sibling,
whereas in the right panel concordance
includes thyroid nodules, including can-
cer in the sibling. The characteristics of
the thyroid cancers included in each of
the four plots are shown in Table 4.
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bility phenotype and the associated difficulty of testing can-
didate susceptibility genes. Our hypothesis and analyses are
related to general radiation susceptibility factors. It remains
possible that there are organ-specific factors, but given the
smaller numbers, these will be even more difficult to find.
Even with pan-genomic methodology, the uncertainty about
what phenotype represents increased susceptibility needs to
be taken into account. The findings do not exclude subtle
variations in susceptibility that could only be detected in
larger cohorts, by case-control studies, or by multigeneration
pedigree studies.

A secondary goal of the present study was to determine
whether there were any differences in the presentation or
clinical behavior of the thyroid cancers in patients with sib-
lings affected by radiation-related neoplasms compared with
patients whose siblings did not have radiation-related neo-
plasms. Among the presenting characteristics, age at surgery
and latency (years from radiation exposure to surgery) are of
interest because one might expect cancers in individuals with
increased susceptibility to occur at younger ages and with
shorter latency. This was not seen. With respect to behavior,
the tendency for concordant cancer to recur more quickly
was not significant. Therefore, there is no reason to expect a
different outcome or to alter the management of thyroid
cancer based on the tumor status of an irradiated sibling.
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