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Background: Whether thyroid cancer is more aggressive in radiation-exposed patients is not resolved. The fre-
quency of aggressive features in post-Chernobyl patients suggests this may be the case. Our aim was to address
this question by re-examining the pattern of risk factors for recurrence of thyroid cancers found in a cohort ex-
posed to external radiation.
Methods: The study population was drawn from a cohort of 4296 people, followed since 1974, who were treated
before the age of 16 with conventional external radiation for benign conditions of the head and neck between
1939 and the early 1960s. The study group consisted of 390 patients who had surgically verified thyroid cancer.
Potential risk factors for recurrence were evaluated by proportional hazards analysis.
Results: Fifty patients had recurrences an average of 8.7 years after diagnosis while the other 340 patients were
followed for an average of 19.7 years. The sooner after radiation exposure the cancer occurred, the more likely it
was to recur (hazard ratio, 0.96=year; 95% confidence interval [CI] 0.91–0.99). Taking into account the effect of the
onset of screening in 1974, the features predictive of recurrence were younger age at the initial diagnosis (hazard
ratio, 0.95=year; 95% CI, 0.91–0.99) and the size of the thyroid cancer (hazard ratio, 1.2=cm; 95% CI, 1.0–1.6).
Conclusion: Although not based on a direct comparison, we conclude that thyroid cancers following external
radiation exposure are not, on average, more aggressive than other thyroid cancers. The similarity of risk factors
for recurrence suggests that they should be treated and followed in the same way as non–radiation-induced
thyroid cancers.

Introduction

While there is a great deal known about radiation as
a cause of thyroid cancer, much less is known about

how radiation-related thyroid cancers behave and should be
treated. We first addressed this question in 1986 using the
clinical findings in a cohort of 4296 radiated-exposed indi-
viduals (1). At that time there were 296 cases of thyroid cancer
in the cohort. A distinctive finding was the high frequency of
multicentricity, but the baseline and treatment factors related
to recurrence were very similar to those for thyroid cancer
patients in the general population. Based on this and the find-
ings of others we recommended that patients with radiation-
related thyroid cancer should be treated in the same way as
unexposed patients with thyroid cancer (2–8).

The thyroid cancer cases following the Chernobyl disaster
suggest that this conclusion may not hold in all circumstances.
The histological characteristics of the thyroid cancers found in
patients living near Chernobyl had aggressive features and
many cases required multiple surgical and radioactive iodine

treatments (9–11). However, it is not known to what extent
these features are related to the patients’ age and environ-
ment, in addition to the radiation exposure.

The principal aim of the present study was to reevaluate
the behavior of the thyroid cancers, by examining which risk
factors are related to recurrence, in our cohort with the larger
number of cases and the longer follow-up that have accrued
since our last analysis. We then compared these factors to
those reported in other, larger studies of sporadic cases.

Methods

Study subjects

The study cohort consists of 4296 individuals who were
treated before the age of 16 with conventional external radi-
ation for benign conditions of the head and neck at Michael
Reese Hospital in Chicago between 1939 and the early 1960s.
Information on whether they had thyroid surgery was avail-
able for 3126 (72.8%) of them. Of these, 1112 had thyroid
surgery and 390 (12.5% of the 3126) had thyroid cancer. These
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390 individuals are the subjects of this study. The study was
reviewed and approved by the University of Illinois at Chi-
cago Institutional Review Board.

Follow-up

Information about the subjects was obtained by sending
out questionnaires between September 2006 and June 2007.
The information requested included a detailed history of di-
agnostic thyroid investigations including ultrasounds, scans,
and fine-needle aspirations and their results; thyroid medi-
cations; radioactive iodine treatments; and all thyroid sur-
geries after the initial one for cancer. Forty-one of the subjects
had died before the most recent survey was conducted.

Recurrences of cancer were defined as surgery with one
or more malignant nodules or metastases demonstrated by
radioactive iodine therapy–related imaging. The criteria for
demonstrating a recurrence with radioactive iodine were
uptake outside the thyroid bed, uptake in a previously unaf-
fected area, or uptake in the thyroid bed at least 1 year after
therapy with �100 mCi of radioactive iodine. Surgery within
6 months of the original surgery was not considered a recur-
rence. No attempt was made to distinguish between persis-
tent and recurrent disease.

The time to recurrence was calculated using the date on
which a new nodule was removed by surgery or, if there was
no surgery, the date of radioactive iodine therapy. For subjects
with more than one recurrence, only the earliest was consid-
ered.

Statistical analysis

The time trends for the cases of thyroid cancer and the
recurrences were calculated by Kaplan–Meier analysis. To
investigate the factors affecting the rate of recurrence, uni-
variate and multivariate analyses were performed by Cox
analysis, as implemented with the Epicure (HiroSoft Inter-
national Corp., Seattle, WA) and SPSS (SPSS Inc., Chicago, IL)
programs. Significance was assessed by determining whether
or not the 95% Wald confidence interval for the hazard ratio
included 1.0.

The baseline variables that were tested as potential risk
factors for recurrence of thyroid cancer were sex (male vs.
female), radiation dose to the thyroid (gray, Gy), age at time
of radiation exposure (years), age at time of diagnosis of
first thyroid cancer (years), and latency (years). Latency was
defined as the time between radiation exposure and first
surgery.

The findings at the time of first surgery that were tested
as potential risk factors for recurrence were the number of
nodules (as an integer), the number of lobes involved (one vs.
two), tumor histology (papillary vs. follicular, including two
cases of Hürthle cell cancer), capsular invasion (present vs.
absent), vascular invasion (present vs. absent), cervical lymph
node involvement (present vs. absent), and size of the largest
cancer nodule (in centimeters, as a continuous variable). Pre-
viously, we reviewed the early-occurring follicular cancers to
determine if they were, in fact, follicular-variant papillary
cancers, but the materials were not available to do this in
every case. In some cases the largest focus of thyroid cancer
was in a lymph node. When a lymph node was the largest
focus of cancer and no focus was found within the gland, we
considered it unifocal and unilateral.

To determine if any aspect of treatment affected the rate of
recurrences, we tested the extent of the initial surgery, post-
operative ablative radioactive-iodine therapy, and post-
operative suppressive thyroid hormone therapy. The extent of
thyroidectomy was defined for each lobe as total, subtotal,
or nodulectomy and was assigned a value of 1.00, 0.50, or
0.25, respectively. Based on these criteria the fraction of
thyroid tissue removed was calculated as the sum of right
and left lobes divided by 2. Thyroid hormone treatment was
expressed as a continuous variable, the fraction of time on
therapy between the time of first surgery and time of recur-
rence or date of last follow-up. The type and dose of thyroid
hormone were available in almost all cases. However, these
were not used in the analysis as the reason for giving treat-
ment and the thyrotropin (TSH) levels aimed for and attained
were not available. Radioactive iodine ablation was defined as
the use of �29 mCi within 1 year of the surgery.

To determine the effect of extensive publicity and more
rigorous screening programs that began in 1974, we grouped
and compared the subjects according to those who had more
clinically evident thyroid cancer (1973 and earlier) and those
whose cancer was discovered mostly as a result of more rig-
orous screening programs (1974 and later). Complementary
log-log plots (also called one minus log vs. time plots) for
these two groups were calculated and compared using the
SPSS program (12).

Results

In the cohort there were 390 cases of thyroid cancer, 124
diagnosed before 1974 and 266 cases in 1974 or later. The
number of new cases appears to abate about 30 years after
radiation exposure (Fig. 1). Of the 349 living subjects at the
time of the latest follow-up, 101 returned the survey. For all
but nine of the rest, follow-up of at least 1 year had been
obtained previously.

Recurrence

In the 390 thyroid cancer cases, 50 (12.8%) had recurrences
between 0.67 and 53.3 years after the initial surgery (Fig. 2).

FIG. 1. Thyroid cancer from time of exposure in the cohort.
Shown is a Kaplan–Meier plot starting at the time of radia-
tion exposure and extending to the time of thyroid cancer or
last vital status.

480 NAING ET AL.



The average time to recurrence was 8.7 years. As seen in
Figure 2, the distribution was skewed to earlier times and the
median time to recurrence was 4.1 years. For the 340 without
recurrence the follow-up times were normally distributed
(mean 19.7� 11.4 [SD] years, median 19.2 years). In total,
there were 7147 person-years of follow-up accrued after the
diagnosis of thyroid cancer.

Thirty recurrences were confirmed by surgery and patho-
logical analysis. In six there was cancer in the thyroid bed and
lymph nodes, in 15 the recurrence was limited to one or more
lymph nodes, in six the recurrence was confined to the thy-
roid, and in three the information was not available. There
was one surgical case that also had pulmonary metastases.
Twenty were considered recurrent on the basis of radioactive

iodine therapy–related imaging. Four of these had pulmonary
metastases (for a total of five cases with lung involvement).
Ten had cervical uptake outside of the thyroid bed and five
had persistent uptake confined to the region of the thyroid
gland. In one, the location of the uptake was not available.

Baseline characteristics related to recurrence

The earlier a thyroid cancer occurred, the more likely it was
to recur. The time of occurrence could be expressed either as
the age of diagnosis or as the latency between exposure and
diagnosis. The hazard ratio for recurrence was 0.94=year (95%
CI, 0.91–0.97) for the former and 0.94=year (95% CI, 0.91–0.97)
for the latter. We could not determine whether age or latency
was more important as the two measures were too highly
correlated to each other to analyze simultaneously.

Since 1974 marked the year when screening began and all
members of the cohort were likely to have received additional
medical attention, we stratified the risk analyses according to
the year cancer was diagnosed. There were 124 cases diag-
nosed before 1974 and 266 cases diagnosed in 1974 or later.
There was a marked difference in the recurrence rates for
cases before 1974 compared to 1974 and later, 24.2% versus
7.5% (hazard ratio, 0.39; 95% CI, 0.22–0.71). The relationship
between the years of diagnosis and recurrence were as fol-
lows: 19 cases were diagnosed before 1974 and recurred be-
fore 1974, 11 cases were diagnosed before 1974 and recurred
in 1974 or later, and 20 cases were diagnosed in or after 1974.

Age at exposure and dose are the most clearly documented
risk factors for developing radiation-related thyroid cancer,
but neither influenced the chance of recurrence (Table 1).
Sex has not been shown to be a risk factor for developing
radiation-related thyroid cancer and, in this cohort, it was not
a risk factor for recurrence (Table 1). In contrast, age at the
diagnosis of cancer was significantly related to the chance of

Table 1. Proportional Hazards Analysis of Baseline Factors and the Risk of Cancer Recurrence

Risk factor
No. of

patients
No. of

recurrences (%)
Hazard ratio
(95% CI)a

Sex 0.74 (0.42–1.30)
Male 207 27 (13.0)
Female 183 23 (12.6)

Age at Rx therapy (y) 0.96 (0.86–1.08)
<5 291 38 (13.1)
5–10 84 11 (13.2)
10–15 15 1 (6.7)

Thyroid radiation dose (Gy)b 1.18 (0.70–2.00)
<0.5 88 8 (9.0)
0.51–1.0 243 35 (14.4)
1.01–2.0 21 3 (14.3)
>2.0 5 2 (40.0)

Age at first thyroid cancer diagnosis (y) 0.95 (0.91–0.99)
<10 3 2 (67)
11–20 39 16 (41)
21–30 122 12 (9.8)
31–40 160 16 (10)
41–50 45 3 (6.7)
>50 21 1 (4.8)

aBy Cox analysis, stratified according to those who had thyroid cancer in 1973 and earlier and those whose cancer was discovered in 1974
and later. All but sex were continuous variables.

bThyroid doses could not be estimated for 33 subjects.
CI, confidence interval.

FIG. 2. Recurrences among the 390 cases of thyroid cancer.
Shown is a Kaplan–Meier plot starting on the date of the first
surgery for thyroid cancer and extending to the time of re-
currence or last vital status.
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recurrence, with a decline throughout the entire range of ages
(hazard ratio 0.95=year; 95% CI, 0.91–0.99).

Cancer characteristics related to recurrence

The frequencies of the pathology characteristics of the
thyroid cancers in this cohort and the hazard ratios for re-
currence for each characteristic are shown in Table 2. All of the
characteristics associated with higher risk in nonradiation
cases (multifocality, bilaterality, larger size, more cancer foci,
and lymph node metastases) were associated with hazard
ratios above 1.0, but only larger size was significant.

There was no unambiguous way to analyze the size of the
largest focus as a risk factor for recurrence because in 34 cases
the largest focus was in a lymph node. Including cancer foci in
lymph nodes, the size of the largest malignant focus (in cen-
timeters) was significant ( p< 0.05), with a lower bound of the
95% CI of 1.01. Secondary analyses were as follows: (a) ex-
cluding the cases where the largest focus was in a lymph node,
(b) including the cases, using the largest focus found in
the thyroid, but excluding those with no cancer found in the
thyroid, and (c) including the cases using largest focus in

the thyroid and 1 mm (‘‘microscopic’’) for the cases where no
focus was found in the thyroid. The point estimates of the
hazard ratio and confidence intervals were virtually the same
as shown in Table 2, with lower bounds of 0.97, 0.99, and 0.95,
respectively, but p values >0.05. When the size of the largest
focus and age at cancer diagnosis were both included in the
stratified model, neither was significant.

Focality and the number of cancer foci were of borderline
significance with lower bounds of 0.98, and the other factors
were not significant. Finally, the number of benign nodules
accompanying the cancers was not related to the frequency of
recurrence. When reduced to bilevel variables the number of
cancer nodules (1 vs.> 1), the number of benign nodules
(none vs.� 1), and tissue invasion (none vs. minor or major)
were still not related to recurrence.

It was surprising that lymph node metastases were not
statistically predictive of recurrence, so we performed several
secondary analyses. If we omitted stratification by the year of
cancer occurrence, lymph node metastases were significantly
related to recurrence (hazard ratio 2.03, 95% CI, 1.14–3.62).
However, when we controlled for whether surgery was be-
fore or after 1974 or for the age at which the cancer occurred,

Table 2. Proportional Hazards Analysis of Cancer Characteristics and the Risk of Cancer Recurrence

Risk factor No. of patients No. of recurrences (%) Hazard ratio (95% CI)a

Focalityb 1.80 (0.98–3.29)
Unifocal 175 17 (9.7)
Multifocal 194 31 (16.0)

No. of lobes involvedb 1.56 (0.83–2.92)
1 280 33 (11.8)
2 87 14 (16.1)

No. of cancer nodulesc 1.33 (0.98–1.80)
1 175 17 (9.7)
2 131 18 (13.7)
�3 63 13 (20.6)

Largest cancer nodule (cm)d 1.27 (1.01–1.60)
�10 167 14 (8.4)
10–20 114 16 (14.0)
>20 44 10 (22.7)

Lymph node metastasesb 1.66 (0.90–3.04)
No 252 24 (9.5)
Yes 118 23 (19.5)

Tissue invasionc 0.88 (0.59–1.31)
Major 37 4 (10.8)
Minor 64 14 (21.9)
None 270 30 (11.1)

Vessel invasionb

Present 42 11 (26.2)
Absent 326 37 (11.3) 0.58 (0.29–1.16)

No. of benign nodulesc

0 132 28 (21.2)
1 91 9 (9.9)
2 79 7 (8.7)
�3 67 4 (6.0) 0.77 (0.56–1.06)

Histologyb

Papillary 345 46 (13.3)
Follicular 29 3 (10.3) 0.81 (0.25–2.60)

aBy Cox analysis, stratified according to those who had thyroid cancer in 1973 and earlier and those whose cancer was discovered in 1974
and later.

bBilevel variable.
cMultilevel variable.
dContinuous variable.
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lymph node metastases were not significantly predictive of
recurrence (the estimates of the hazard and confidence inter-
vals were nearly identical to those in the stratified model
shown in Table 2).

Therapeutic factors related to recurrence

The extent of surgery, radioactive iodine ablation and
thyroid hormone treatment were not predictive of recurrence
(Table 3). Ablation was used for more advanced cases; cases
where the biggest cancer focus was larger (1.60 cm vs. 1.27 cm,
p< 0.05) and lymph node spread at time of diagnosis was
more common (66.2% vs. 33.8%, p< 0.05). When these factors
were included in the stratified model, ablation was still as-
sociated with a nonsignificant recurrence risk, but with a
smaller magnitude.

Discussion

In 1986 we reported on the clinical behavior of 296 cases of
radiation-related thyroid cancer (1). On the basis of an analysis
of risk factors for recurrence we concluded that radiation-
related thyroid cancer and non–radiation-related cancer be-
haved similarly. In the current study, follow-up has nearly
doubled, to a median duration of 19 years, the longest being
53 years. In addition, nearly 100 new thyroid cancer cases
were identified and are included in this report. Although the
radiation effect is waning, Fig. 1 shows that cases continue to
occur (13). The findings and our conclusion, that thyroid
cancer following external radiation exposure is not more
aggressive than other thyroid cancers, remain largely un-
changed.

As in the previous study, the age at thyroid cancer diag-
nosis and latency remain the most important risk factors for
recurrence (1). However, we cannot definitively distinguish
between age and latency because these two factors are very
highly correlated. This finding extends one we made before,
that short latency is associated with an increased risk of re-
currence of small (<10 mm) thyroid cancers, many detected
by screening irradiated individuals (14). The age-dependent

pattern of younger age being associated with a higher risk
of recurrence has also been observed in patients with non–
radiation-induced papillary thyroid cancer (15,16). Therefore,
this factor may be a characteristic of radiation, a result of
young age, or both.

The cancers diagnosed before 1974 had a much higher
frequency of recurrence. The initiation of screening in 1974 of
the entire cohort, including those with cancer, could have
resulted in the enhanced detection of recurrences. However,
since approximately two thirds of the recurrences in the early
cases occurred before 1974, the advent of screening in 1974
could not account completely for this frequency. To take into
account the onset of screening in 1974, we stratified the risk
analyses. Retrospectively, we found that stratification was not
required as the complementary log-log versus time plots were
parallel (data not shown). If date of surgery was treated as a
risk factor, the magnitudes of the other risk estimates were not
appreciably changed. The same risk factors retained signifi-
cance and the confidence intervals were little altered, con-
firming that either approach was valid.

Neither lymph node metastases, extent of surgery, radio-
active iodine ablation, nor thyroid hormone treatment were
predictive of recurrence though, in at least some studies, all of
them have been found to be prognostic factors for recurrence
in patients with spontaneous papillary thyroid cancer (15,17–
22). They may not show up in our analyses for two rea-
sons. First, even though this is one of the largest cohorts of
radiation-induced thyroid cancers, the number of cases and
recurrences may not be large enough to see these effects. In
contrast, for example, the benefit of total thyroidectomy re-
quired an analysis of 52,173 patients (22). Second, the effect of
age may be so strong that other factors may be difficult to
detect.

Even though it is not significant, the risk of recurrence is
estimated to be greater in patients receiving radioactive io-
dine ablation therapy and, therefore, requires comment. This
is due, in part, to the use of ablation in more advanced cases.
Also, selection bias may play a role in this. It is likely that
patients who are treated with radioactive iodine have more
follow-up isotope scans, ultrasounds, and thyroglobulin mea-
surements, and are therefore more likely to have recurrences
diagnosed.

The decreasing response rate to questionnaires in recent
years may have affected the findings. If so, this most likely
would have exaggerated poorer clinical outcomes. At some
time, nearly all of the individuals with thyroid cancer have
been in touch with the program. Knowing about the accu-
mulated experience of the program, we believe that patients
with persistent concerns were more likely to stay in contact
than those with less reason to be concerned. It is possible, but
unlikely, that thyroid cancer–related deaths occurred in the
subjects of this report, without our being aware of them. We
do not have matched controls because, beginning in 1974 the
exposed patients were subjected to intensive case finding
(screening) and no adequate control for this is available. Thus,
we rely on the nature of the risk factors for recurrence to reach
our conclusions.

Other studies have largely arrived at the same conclusion
we have, that thyroid cancer following external radiation
exposure is not more aggressive than other thyroid cancers
(2–4,6,7,23). Lundgren (23) reported a study, very likely free
of bias, using the comprehensive health records of Sweden.

Table 3. Proportional Hazards Analysis of Treatment

Modalities and the Risk of Cancer Recurrence

Risk factor
No. of

patients
No. of

recurrences (%)
Hazard ratio
(95% CI)a

Surgery fraction 0.90 (0.30–2.77)
�0.5 106 16 (15.1)
>0.5 284 33 (11.6)

Radioactive iodine
ablation

1.30 (0.72–2.33)

No 259 32 (12.4)
Yes 131 18 (13.7)

Thyroid hormone
replacement

0.74 (0.50–1.11)

None 30 9 (30.0)
Partial 22 12 (9.1)
Full 334 39 (11.7)

aBy Cox analysis, stratified according to those who had thyroid
cancer in 1973 and earlier and those whose cancer was discovered in
1974 and later. Surgery and thyroid hormone replacement were an-
alyzed as continuous variables.
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This study used a nested case–control design, comparing ra-
diation exposure in 601 patients who died of differentiated
thyroid cancer at least 1 year after diagnosis to an equal
number of thyroid cancer cases who had not died. The hazard
ratio estimate for the association of mortality with no radia-
tion exposure was 1.0 (95% CI, 0.5–2.3) by univariate and 0.4
(95% CI, 0.5–1.2) by multivariate analyses. A smaller study of
thyroid cancer in 33 patients treated for a variety of childhood
malignancies reached the same conclusion (5), but another
in 32 patients treated for Hodgkin’s disease, suggested oth-
erwise (24). In neither study were matched controls included
and no statistical tests were performed. Previously, we re-
viewed six studies published before 2005 that used recur-
rence as the end-point to measure the behavior of external
radiation-related thyroid cancer. In the largest, a case–control
study carried out in France (91 radiation-related cases vs. 273
cases with no radiation exposure), the risks of recurrence and
thyroid cancer–related death were not related to radiation
exposure (3). Five of the six found no difference between cases
in exposed and nonexposed patients. In the sixth, controls
were not matched to cases and no statistical tests were re-
ported.

The situation may be different for internal radiation-related
(Chernobyl) thyroid cancers. Pacini et al. (9) compared 472
pediatric cases from Belarus with 369 in Italy and France. The
Chernobyl-related cases were younger, had fewer follicular
cancers, were comparatively more frequent in males, and had
more frequent extrathyroidal extension and lymph node
metastases. In Ukrainian children with thyroid cancer who
were up to 18 years at the time of the Chernobyl accident,
radioactive iodine ablation of all disease proved difficult. Of
249 children, only 63 were ablated with one treatment (10).
The other children received 406 courses of radioactive iodine
treatment and only 86 of them were eventually successfully
ablated. A similar observation about the difficulty of ablation
was made in 740 cases in Belarus with the age at exposure less
than 15 years and an average of about 10 years of follow-up
(11). The recurrence rate was 27.6% with 131 cases of distant
metastases, including those present at diagnosis and devel-
oping later. Multivariate analysis showed that younger age at
diagnosis, lymph node involvement at diagnosis, extent of
lymph node dissection, and multifocality were significant
risk factors.

While Chernobyl-related thyroid cancers appear to be ag-
gressive, the significance of this observation remains uncer-
tain and other factors, in addition to radiation, seem to be
as important or more so. Iodine deficiency has been well-
documented in the affected areas and has only been partially
corrected over time (25,26). The resulting TSH stimulation,
even by TSH levels within the reference range, may promote
cancer development and progression (27,28). The Chernobyl-
related cases identified so far have been in pediatric and
young adult patients where aggressive characteristics are
more commonly seen than in older patients. In accord with
the possibility that age and iodine deficiency, but not radia-
tion, account for the aggressive features are the observations
of Williams et al. (29). They compared the morphological
characteristics of three groups of childhood cases: Chernobyl-
exposed; Chernobyl-unexposed from the same countries; and
cases from Japan, England, and Wales. The first two groups
shared aggressive characteristics, exceeding those in the third
group. Additional support is that pediatric thyroid cancer in

patients born in Belarus after the accident have the same
predominance of RET=PTC rearrangement as cases related to
the accident (30). Ethnicity may also play a role, although no
population-specific genetic factors related to cancer behavior
have been identified. Finally, some reports, especially those
describing persistent disease, may be subject to referral bias.

In summary, the clinical behavior of thyroid cancer in pa-
tients with external radiation-induced and non–radiation-
induced thyroid cancer, as measured by the risk of recurrence,
is similar. Not all of the factors seen in non–radiation-induced
cases are statistically significant in this cohort, but taking
age into account, no factor points to a more aggressive course
(1–3). Although the number of cases is too small to inde-
pendently evaluate the effectiveness of treatment, we rec-
ommend that radiation-induced thyroid cancers be treated
and followed the same way as non–radiation-induced thyroid
cancers.
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