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Background: The 10-yr survival rate of patients with differentiated thyroid cancer exceeds 90%.
These patients may be at elevated risk for secondary cancers.

Methods: The risk of nonthyroid second primary malignancies after differentiated thyroid cancer
was determined in 30,278 patients diagnosed between 1973 and 2002 from centers participating
in the National Cancer Institute’s Surveillance, Epidemiology, and End Results program. Median
follow-up was 103 months (range, 2–359 months). Risk was further assessed for the addition of
radioisotope therapy, gender, latency to development of secondary cancer, and age at thyroid
cancer diagnosis.

Results: There were 2158 patients who developed a total of 2338 nonthyroid second primary
malignancies, significantly more than that expected in the general population [observed/expected
(O/E) � 1.09; 95% confidence interval (CI), 1.05–1.14; P � 0.05; absolute excess risk per 10,000
person-years (AER) � 6.39]. A significantly greater risk of second primary malignancies over that
expected in the general population was for patients treated with radioisotopes (O/E � 1.20; 95%
CI, 1.07–1.33; AER � 11.8) as well as for unirradiated patients (O/E � 1.05; 95% CI, 1.00–1.10; AER �

3.53). However, the increased risk was greater for the irradiated vs. the unirradiated cohort (rel-
ative risk � 1.16; 95% CI, 1.05–1.27; P � 0.05). Gender did not affect risk. The greatest risk of second
primary cancers occurred within 5 yr of diagnosis and was elevated for younger patients.

Conclusions: The overall risk of second primary malignancies is increased for thyroid cancer sur-
vivors and varies by radioisotope therapy, latency, and age at diagnosis. (J Clin Endocrinol Metab
93: 504–515, 2008)

An estimated 25,000 people in the United States are diag-
nosed with a primary thyroid malignancy every year, and

approximately1,500of thosepatientswill dieof theirdisease (1).
Although thyroid cancer accounts for only approximately 1.5%
of cancers diagnosed in the United States, the age-adjusted inci-
dence of thyroid cancer has been steadily rising (2). Women are
three times more likely than men to develop thyroid cancer, with
a peak incidence seen in people 40–50 yr old (2). Exposure to
radiation is a well-established risk factor, and some of the in-

crease may be due to the former practice of treating some benign
childhood conditions of the head and neck with radiotherapy
(3–5).

The differentiated papillary and follicular histologies account
for approximately 90% of cases and have a 10-yr overall survival
exceeding 90% (6). Definitive therapy for these differentiated
cancers is complete or partial surgical thyroidectomy, with ad-
juvant radioiodine ablation/therapy used for residual, unresect-
able, and/or metastatic disease (7–9). Radioiodine use in thyroid
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cancer treatment has caused concern about the potential for de-
velopment of secondary malignancies. Numerous malignancies
are thought to be radiogenic, which have been identified by stud-
ies involving environmental, medical, and occupational expo-
sures and most notably in Japanese survivors of nuclear warfare
(10–14). The most prominent among these cancers are leukemia,
thyroid, breast, lung, and skin cancers, contrasted with some
more radioresistant organs such as the prostate and the central
nervous system (15).

Because most survivors of differentiated thyroid cancer have
a long life expectancy, it is important to understand how differ-
ences in clinical, pathological, and treatment characteristics alter
their risk profiles for developing second primary cancers. In this
study, we determined how these factors affected the incidence of
second primary malignancy in a large U.S. population database
over a period of up to three decades.

Patients and Methods

The study population was assembled using records from the Surveillance,
Epidemiology, and End Results (SEER) program of the National Cancer
Institute. The SEER program database includes records from patients
starting in 1973. A 98% case ascertainment is mandated from 14 pop-
ulation-based registries and three supplemental registries representing
approximately 26% of the U.S. population (16). The SEER registries
contain information on patient demographics, tumor site, histology, date
and source of diagnosis, date of death, and treatment. Each year quality
and completeness studies are conducted in SEER areas to ensure high
quality data.

The SEER program statistical analysis software package (SEER*Stat,
version6.2.3)wasusedtoidentifypatientsdiagnosedwithaprimarythyroid
malignancy of follicular or papillary type from 1973–2002 (the histological
subtypes included in analysis were ICD codes 8330, 8331, 8335, 8340–
8344, 8260, and 8050). Patients with other thyroid cancer histologies or
whose thyroid malignancy was not their first primary cancer were excluded
from analysis. Second primary cancers diagnosed within 2 months of the
thyroid cancer diagnosis and secondary thyroid cancers were also excluded.
The time to development of second primary malignancies was calculated
from the date of diagnosis of differentiated thyroid cancer.

From 1973–1987, the SEER registries encoded radioisotope therapy
as other radiation. Registrars were also instructed to encode radioactive

interstitial implants (brachytherapy) in the other category during that
time period. External beam radiation was encoded as its own distinct
entity. For our statistical analysis, we considered patients treated from
1973–1987 encoded as other as patients who received radioisotope ther-
apy, because it was unlikely that papillary or follicular thyroid cancer
would be treated with brachytherapy. From 1988 onward, radioisotope
therapy was specifically encoded. In addition, thyroid ablative radioiso-
tope doses used before the mid-1980s were higher than more modern
practices (9, 17, 18). For these reasons, additional analyses with radio-
isotope therapy as a cohort were performed for the period 1988 onward
to provide more statistical certainty.

The SEER*Stat MP-SIR (Multiple Primary-Standardized Inci-
dence Ratio) tool was used to calculate standardized incidence ratios
(SIRs) and excess risk for second primary malignancies by comparing
these patients’ subsequent cancer profile to the number of cancers that
would be expected based on incidence rates for the general U.S.
population.

Statistics
The risk of second primary cancers was estimated by compiling

person-years (PY) of observation according to age, sex, and calendar-
year periods from 2 months after the date of thyroid cancer diagnosis
to the date of death, date of last follow-up evaluation, date of diag-
nosis of second primary cancer, or the end of the study (December 31,
2002), whichever occurred first. Cancer incidence rates specific for
5-yr age groups, gender, and calendar-year intervals were multiplied
by the accumulated PY at risk to estimate the number of cancer cases
expected. The observed and expected numbers of second cancers were
then summed, with the SIR expressed as the ratio of observed-to-
expected (O/E) cases. The absolute excess risk per 10,000 PY (AER)
was determined by subtracting the expected number from the ob-
served number of second cancers and then dividing the difference by
the number of PY at risk. The number of excess second cancers was
expressed per 10,000 PY. Risks of second cancers were stratified by
sex, age group at thyroid cancer diagnosis, time since diagnosis (la-
tency), and treatment (radiotherapy vs. no radiotherapy). The statis-
tical analysis, including the tests for heterogeneity and linear trend as
well as the regression modeling, were conducted using the Poisson
modeling method of Breslow et al. (19). This approach is based on the
fact that for grouped data, proportional hazards modeling with
known baseline hazard is formally equivalent to a Poisson regression.

SIR and AER are two complementary measures of the incidence of
an event of interest (in this case second primary cancer) in a subpopu-
lation compared with the entire population. Both are based on com-
paring the observed number of events in the subpopulation O with the

TABLE 1. Demographics

Median Range or %

Age at diagnosis (yr) 42 4–100
Latency period to secondary cancer (yr) 8.1 0.2–29.7
Follow-up time (yr) 8.6 0.2–29.7
Study population (n)

Male 7,219 23.8%
Female 23,059 76.2%
Total 30,278

No. developed secondary malignancy 2,158 7.1%
Histologies (n)

Papillary 26,517 88.0%
Follicular 3,761 12.0%

Radiation (n)
No radiation 18,029 59.5%
Radioisotope therapy 10,257 33.9%
Othera 1992 6.6%

a Includes combination radioisotope-external beam therapy, external beam therapy alone, brachytherapy, and otherwise uncategorized radiotherapy.
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number of events E expected if the risk profile of the subpopulation
were identical to that of the full population. Because, as a person ages,
his or her risk of an event typically changes (due to both attained age
and attained calendar year), the calculation of the expected number
of events is adjusted for these variables. Additionally, fixed charac-
teristics affecting event rates, such as gender and race, are incorpo-
rated in the calculation of the expected number of events. These ad-
justments make subpopulations of different structures comparable,
for example, longer follow-up in one group. SIR and AER differ in the
way they combine O and E; SIR measures the fold difference between
the observed and expected number of events (SIR � O/E), whereas
AER measures the actual number of excess events normalized to the
number of PY observed [AER � (O � E)/PY). Thus, SIR measures the
relative risk (RR) of the event on an individual level and does not
depend on the frequency of the event in the population, whereas AER
measures the population impact, where small increases in the relative
risk of a common event affects more people than a large increase in a

rare event. It should be noted that the length of follow-up does not
affect either measure; the number of observed events O increases, but
so do the number of expected events E and the number of person-years
PY.

We have also used case-level analysis to examine the effect of
latency and age at diagnosis on second primary cancers without cat-
egorizing. In this analysis, we considered any nonthyroid second pri-
maries diagnosed at least 2 months after the primary thyroid cancer
as an event. We have used SEER*Stat to obtain population rates of
nonthyroid cancers by race, gender, and 5-yr age and calendar-year
periods. The follow-up period of each case was broken into intervals
in which the age group and year group did not change. The expected
number of events during each such period was estimated as the length
of the interval multiplied by the corresponding risk of cancer. The
observed number of events (equal to 0 if the patient survived the
interval without an event and 1 if the interval ended with a cancer

TABLE 2. SIRs and AER for secondary malignancies after a primary thyroid cancer

Secondary tumors

All persons

Persons � 30,278 PY at risk � 310,258

Observed Excess riska O/E 95% CI

All sitesb 2338 6.39 1.09c 1.05–1.14
All solid tumorsb 2078 4.98 1.08c 1.03–1.13
CNS 41 0.48 1.58c 1.13–2.14
Eye and orbit, nonmelanoma 0 �0.01 0 0.00–8.74
Head and neckb 50 �0.57 0.74c 0.55–0.97
Thymus, adrenal gland, and other endocrine 3 0.02 1.3 0.26–3.81
Lung and mediastinum 250 �1.39 0.85c 0.75–0.96
Breast 600 3.53 1.22c 1.13–1.32
Female breast 597 3.47 1.22c 1.12–1.32
Male breast 3 0.05 2.16 0.43–6.32
Digestive system 379 �0.78 0.94 0.85–1.04
Esophagus 6 �0.36 0.35c 0.13–0.76
Stomach 42 0.17 1.14 0.82–1.55
Small intestine 8 0.03 1.12 0.48–2.20
Colon and rectum 246 �0.09 0.99 0.87–1.12
Anus 4 �0.06 0.67 0.18–1.71
Liver, gallbladder, and biliary 27 �0.15 0.85 0.56–1.24
Pancreas 41 �0.29 0.82 0.59–1.11
Gynecological malignancies 177 �0.63 0.9 0.77–1.04
Prostate 284 2.32 1.34c 1.19–1.51
Testis 5 0.03 1.23 0.40–2.86
Penis 1 0 1.02 0.01–5.66
Urinary bladder 60 �0.6 0.76c 0.58–0.98
Kidney and renal pelvis 110 2.07 2.4c 1.97–2.89
Ureter 2 �0.01 0.83 0.09–3.00
All lymphatic and hematopoietic diseases 199 1.23 1.24c 1.07–1.42
Hodgkin lymphoma 16 0.22 1.75c 1.00–2.85
Non-Hodgkin lymphoma 76 �0.11 0.96 0.75–1.20
Myeloma 39 0.48 1.63c 1.16–2.22
Leukemia 68 0.64 1.41c 1.10–1.79
Mesothelioma 5 0.03 1.27 0.41–2.97
Kaposi sarcoma 0 �0.15 0c 0.00–0.81
Miscellaneous 52 0.08 1.05 0.78–1.38
Melanoma 89 0.42 1.17 0.94–1.44
Sarcoma 19 0.2 1.47 0.89–2.30
Salivary gland 14 0.29 2.72c 1.48–4.56
Head/neck excluding thyroid and salivary 36 �0.86 0.58c 0.4–0.8

Values in italics represent P � 0.05 for SIR vs. general U.S. population.
a Excess risk is number of cases per 10,000 PY.
b Excludes secondary thyroid cancer diagnoses.
c P � 0.05.
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diagnosis) was modeled using Poisson regression offset by the loga-
rithm of the expected number of events. Because log(SIR) � log(O) �

log(E), this approach actually models log(SIR). Gender, race, and
treatment group were entered as categorical predictors (including
radiotherapy as an independent predictor), and age at diagnosis and
latency at the end of the interval were modeled via a restricted cubic
spline. An examination of the fitted splines showed that age at diag-
nosis could be modeled as a linear effect.

The effect of external beam radiation therapy for treatment of thyroid
cancer on the development of second primary malignancies was analyzed
for cohorts based on age at diagnosis, gender, and the latency period in
5-yr intervals to the development of second cancers.

Results

Overall risk of developing second primary cancers
The demographics of the study population are shown in Table

1. A total of 30,278 patients were evaluable. Of these patients,
2158 patients (7.1%) developed a total of 2338 nonthyroid sec-
ond primary malignancies, significantly more than that expected
in the general population [O/E � 1.09; 95% confidence interval
(CI), 1.05–1.14; P � 0.05; AER � 6.39] (Table 2). There was a
significantly increased risk for cancers of the central nervous
system (CNS), breast, prostate, kidney, Hodgkin lymphoma,

TABLE 3. The effect of gender on development of secondary malignancies

Secondary tumors

Females Males

Persons � 23,059 PY at risk � 237,376 Persons � 7,219 PY at risk � 72,882

Observed
Excess
riska O/E 95% CI Observed

Excess
riska O/E 95% CI

All sitesb 1572 5.59 1.09c 1.04–1.15 766 8.98 1.09c 1.02–1.17
All solid tumorsb 1393 4.04 1.07c 1.02–1.13 685 8.07 1.09c 1.01–1.18
CNS 29 0.5 1.69c 1.13–2.43 12 0.42 1.35 0.70–2.35
Eye and orbit, nonmelanoma 0 �0.01 0 0.00–16.96 0 �0.03 0 0–18.04
Head and neckb 28 �0.21 0.85 0.56–1.23 22 �1.74 0.63c 0.40–0.96
Thymus, adrenal gland, and other

endocrine
2 0.02 1.23 0.14–4.44 1 0.04 1.48 0.02–8.26

Lung and mediastinum 145 �1.34 0.82c 0.69–0.97 105 �1.58 0.9 0.74–1.09
Breast 597 4.54 1.22c 1.12–1.32 3 0.22 2.16 0.43–6.32
Female breast 597 4.54 1.22c 1.12–1.32 0 0 0 0–0
Male breast 0 0 0 0–0 3 0.22 2.16 0.43–6.32
Digestive system 250 �0.46 0.96 0.84–1.08 129 �1.85 0.91 0.76–1.08
Esophagus 2 �0.22 0.28 0.03–1.00 4 �0.81 0.4 0.11–1.03
Stomach 21 0.02 1.02 0.63–1.56 21 0.67 1.3 0.80–1.99
Small intestine 6 0.05 1.26 0.46–2.74 2 �0.05 0.84 0.09–3.03
Colon and rectum 165 �0.04 0.99 0.85–1.16 81 �0.28 0.98 0.77–1.21
Anus 3 �0.07 0.64 0.13–1.86 1 �0.04 0.77 0.01–4.27
Liver, gallbladder, and biliary 18 �0.05 0.93 0.55–1.47 9 �0.46 0.73 0.33–1.38
Pancreas 30 �0.16 0.89 0.60–1.27 11 �0.71 0.68 0.34–1.22
Gynecological malignancies 177 �0.83 0.9 0.77–1.04 0 0 0 0–0
Prostate 0 0 0 0–0 284 9.89 1.34c 1.19–1.51
Testis 0 0 0 0–0 5 0.13 1.23 0.40–2.86
Penis 0 0 0 0–0 1 0 1.02 0.01–5.66
Urinary bladder 27 �0.24 0.82 0.54–1.20 33 �1.77 0.72 0.49–1.01
Kidney and renal pelvis 66 1.68 2.52c 1.95–3.21 44 3.34 2.24c 1.63–3.01
Ureter 1 �0.01 0.78 0.01–4.33 1 �0.02 0.89 0.01–4.96
All lymphatic and hematopoietic

diseases
135 1.31 1.3c 1.09–1.54 64 0.99 1.13 0.87–1.44

Hodgkin lymphoma 12 0.24 1.91 0.99–3.34 4 0.16 1.41 0.38–3.60
Non-Hodgkin lymphoma 55 0.11 1.05 0.79–1.37 21 �0.83 0.78 0.48–1.19
Myeloma 25 0.4 1.61c 1.04–2.37 14 0.76 1.66 0.91–2.79
Leukemia 43 0.56 1.45c 1.05–1.95 25 0.9 1.36 0.88–2.00
Mesothelioma 2 0.03 1.42 0.16–5.13 3 0.07 1.19 0.24–3.48
Kaposi sarcoma 0 �0.02 0 0–9.59 0 �0.57 0c 0–0.88
Miscellaneous 38 0.16 1.11 0.79–1.53 14 �0.19 0.91 0.50–1.53
Melanoma 57 0.28 1.13 0.86–1.47 32 0.86 1.24 0.85–1.75
Sarcoma 12 0.14 1.38 0.71–2.41 7 0.38 1.66 0.67–3.42
Salivary gland 8 0.2 2.42c 1.04–4.77 6 0.57 3.25c 1.19–7.08
Head/neck excluding thyroid and

salivary
20 �0.41 0.67 0.41–1.04 16 �2.31 0.49c 0.28–0.79

Values in italics represent P � 0.05 for SIR vs. general U.S. population.
a Excess risk is number of cases per 10,000 PY.
b Excludes secondary thyroid cancer diagnoses.
c P � 0.05.
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leukemia, myeloma, and salivary gland as well as a significantly
decreased risk for cancers of the head and neck (excluding thy-
roid and salivary gland), lung, esophagus, and bladder.

Gender
The ratio of female to male patients was 3.13 (23,059 and

7,219 males, respectively); a distribution consistent with prior
reports (2). Both genders had equivalent overall risk of de-
veloping second primary cancers (RR � 1.00; 95% CI, 0.92–
1.09). For specific cancers, males had an increased risk of
developing secondary prostate, kidney, and salivary gland
cancers and a decreased risk for other head and neck cancers.
Females had increased risk for secondary leukemia, myeloma,
breast, kidney, salivary gland, and CNS cancers and a de-
creased risk for lung and mediastinum (Table 3).

Age at diagnosis
Significantly increased overall risk of second primary can-

cers was observed in the cohort of patients diagnosed from

ages 25– 49 yr but not in cohorts of patients 0 –24, 50 –74, or
75 yr and older (Table 4). However, the risk for several spe-
cific cancer sites was elevated in the other age cohorts.

Latency to development of second primary cancer
Overall risk of second primary cancers was significantly el-

evated within the first 10 yr after thyroid cancer diagnosis (yr
0–5: O/E � 1.18; 95%, CI 1.10–1.27; AER � 9.71; yr 6–10:
O/E � 1.10; 95% CI, 1.01–1.19; AER � 6.5) but not for longer
latency periods.

Interaction of age at diagnosis and latency to
development of second primary cancer

A more detailed case-level regression analysis revealed gen-
der, race, and treatment group did not appear to affect the SIR
(P � 0.31, P � 0.33, and P � 0.58, respectively). Decreased
age at diagnosis resulted in higher SIR; for each decade of age
(relative to any comparatively prior decade), SIR is 1.14-fold
higher (95% CI, 1.11–1.18; P � 0.0001). The effect of latency

TABLE 4. The effect of age at diagnosis in development of secondary malignancies

Secondary tumors

Under 25 25–49 yr

Persons 2,896 PY at risk 36,773 Persons 17,104 PY at risk 185,166

Observed
Excess
riska O/E 95% CI Observed

Excess
riska O/E 95% CI

All sitesb 36 1.08 1.12 0.79–1.56 876 7.33 1.18c 1.11–1.26
All solid tumorsb 29 0.46 1.06 0.71–1.53 785 6.05 1.17c 1.09–1.25
CNS 1 �0.03 0.89 0.01–4.94 31 1.06 2.75c 1.87–3.90
Eye and orbit, nonmelanoma 0 0 0 0–293.54 0 �0.01 0 0–27.87
Head and neckb 5 1.15 6.34c 2.04–14.79 19 �0.27 0.79 0.47–1.23
Thymus, adrenal gland, and other endocrine 0 �0.02 0 0–41.60 1 0 0.92 0.01–5.10
Lung and mediastinum 0 �0.29 0 0–3.45 66 �0.81 0.81 0.63–1.04
Breast 11 0.42 1.16 0.58–2.08 310 4 1.31c 1.17–1.47
Female breast 11 0.42 1.16 0.58–2.08 308 3.91 1.31c 1.17–1.46
Male breast 0 0 0 0–519.48 2 0.09 4.99 0.56–18.03
Digestive system 2 �0.1 0.85 0.10–3.06 105 0.23 1.04 0.85–1.26
Esophagus 0 �0.02 0 0–60.65 1 �0.19 0.23 0–1.26
Stomach 0 �0.06 0 0–15.74 13 0.24 1.51 0.80–2.58
Small intestine 0 �0.02 0 0–42.53 2 �0.03 0.81 0.09–2.91
Colon and rectum 2 0.17 1.44 0.16–5.22 69 0.45 1.14 0.88–1.44
Anus 0 �0.03 0 0–35.92 1 �0.08 0.4 0.01–2.23
Liver, gallbladder, and biliary 0 �0.06 0 0–17.99 8 �0.02 0.95 0.41–1.88
Pancreas 0 �0.05 0 0–18.51 10 �0.09 0.86 0.41–1.57
Gynecological malignancies 6 0.24 1.18 0.43–2.56 75 �0.73 0.85 0.67–1.06
Prostate 0 �0.04 0 0–23.06 41 �0.03 0.99 0.71–1.34
Testis 1 0.07 1.33 0.02–7.38 2 �0.05 0.68 0.08–2.46
Penis 0 0 0 0–674.09 1 0.04 3.85 0.05–21.42
Urinary bladder 0 �0.1 0 0–9.60 19 0.03 1.03 0.62–1.61
Kidney and renal pelvis 0 �0.13 0 0–7.63 50 1.84 3.13c 2.32–4.13
Ureter 0 0 0 0–906.31 1 0.03 2.39 0.03–13.31
All lymphatic and hematopoietic diseases 7 0.78 1.69 0.68–3.48 73 1.07 1.37c 1.08–1.73
Hodgkin lymphoma 4 0.67 2.59 0.70–6.63 10 0.28 2.07 0.99–3.8
Non-Hodgkin lymphoma 0 �0.42 0 0–2.35 33 0.28 1.19 0.82–1.62
Myeloma 1 0.24 9.78 0.13–54.41 7 0.04 1.13 0.45–2.32
Leukemia 2 0.29 2.12 0.24–7.65 23 0.47 1.61c 1.02–2.41
Mesothelioma 0 �0.01 0 0–137.17 2 0.06 2.06 0.23–7.43
Kaposi sarcoma 0 �0.14 0 0–7.18 0 �0.18 0 0–1.12
Miscellaneous 0 �0.09 0 0–11.37 13 0.07 1.12 0.59–1.91
Melanoma 2 �0.61 0.47 0.05–1.70 51 0.6 1.28 0.95–1.68
Sarcoma 1 0.08 1.4 0.02–7.78 10 0.23 1.75 0.84–3.22
Salivary gland 1 0.23 5.86 0.08–32.61 7 0.26 3.33c 1.33–6.86
Head/neck excluding thyroid and salivary 4 0.92 6.47c 1.74–16.57 12 �0.54 0.55c 0.28–0.95

Values in italics represent P � 0.05 for standardized incidence ratio vs. general U.S. population.
a Excess risk is number of cases per 10,000 person years.
b Excludes secondary thyroid cancer diagnoses.
c P � 0.05.
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is more complicated and is shown in Fig. 1. The SIR is greatly
increased immediately after initial diagnosis and treatment;
however, this excess risk decreases rapidly and by approxi-
mately 5 yr after diagnosis, the effect levels out (at a level
dependent on the age at diagnosis). Cancers that show statis-
tically elevated excess risk and represent the largest numbers
of newly diagnosed second primaries within 5 yr of diagnosis
include breast, prostate, and lymphatic and hematopoietic
malignancies.

Risk of developing second primary cancers with
radioisotope therapy

For the entire study period (1973–2002), patients receiving
radioisotope therapy were at increased risk of developing non-
thyroid second primary cancers (O/E � 1.21; 95% CI, 1.12–
1.30; AER � 13.3) over the general population as well as the
nonirradiated survivors (O/E � 1.05; 95% CI, 1.00–1.10;
AER � 3.53), although the nonirradiated group had a risk more
similar to the endemic rate. The RR was significantly greater for
the irradiated patients than for the nonirradiated patients (RR �

1.16; 95% CI, 1.05–1.27; P � 0.002). When isolating the anal-
ysis period from 1988–2002, increased risk was observed in both

the isotope-irradiated (O/E � 1.20, 95% CI 1.08–1.34,
AER�12.01) and nonirradiated (O/E � 1.12; 95% CI, 1.02–
1.23; AER � 7.86) cohorts, but the RR became statistically in-
distinguishable (RR � 1.08; 95% CI, 0.93–1.24; P � 0.31) over-
all (Table 5).

An additional analysis was undertaken using a latency exclu-
sion period for secondary cancers of 36 months as opposed to 2

Latency

S
IR

0 5 10 15 20 25 30

0
2

4
6

8
1

0 Age at diagnosis

20 years
40 years
60 years
80 years

FIG. 1. Fitted estimates of SIR of all nonthyroid malignancies by latency and age
at diagnosis (gender, race, and treatment group do not appreciably alter the SIR).
The four curves represent fits for four different diagnosis ages (20, 40, 60, and
80 yr old). The thin horizontal line represents a SIR equal to 1.

TABLE 4. Continued

50–74 yr Over 75 yr

Persons 9,014 PY at risk 82,275 Persons 1,264 PY at risk 6,043

Observed
Excess
riska O/E 95% CI Observed

Excess
riska O/E 95% CI

1,287 6.69 1.04 0.99–1.10 139 5.77 1.03 0.86–1.21
1,139 4.01 1.03 0.97–1.09 125 13.05 1.07 0.89–1.27
9 �0.44 0.71 0.33–1.35 0 �1.62 0 0–3.74
0 �0.03 0 0–16.00 0 �0.08 0 0–79.44

24 �1.9 0.61c 0.39–0.90 2 �1.96 0.63 0.07–2.27
2 0.12 1.9 0.21–6.86 0 �0.11 0 0–54.44

171 �2.88 0.88 0.75–1.02 13 �5.64 0.79 0.42–1.35
258 3.96 1.14c 1.01–1.29 21 2.02 1.06 0.66–1.62
257 3.95 1.14c 1.01–1.29 21 2.18 1.07 0.66–1.63

1 0.01 1.13 0.01–6.29 0 �0.16 0 0–38.80
231 �3.59 0.89 0.78–1.01 41 2.27 1.03 0.74–1.40

4 �0.9 0.35c 0.09–0.09 1 �0.31 0.84 0.01–4.69
24 0.03 1.01 0.65–1.51 5 1.45 1.21 0.39–2.83
6 0.23 1.45 0.53–3.16 0 �0.75 0 0–8.11

147 �1.76 0.91 0.77–1.07 28 4.52 1.11 0.74–1.60
3 �0.01 0.97 0.20–2.84 0 �0.53 0 0–11.43

18 �0.26 0.89 0.53–1.41 1 �3.12 0.35 0–1.93
26 �0.86 0.79 0.51–1.15 5 0.07 1.01 0.33–2.35
90 �0.61 0.95 0.76–1.16 6 �3.34 0.75 0.27–1.63

216 7.41 1.39c 1.21–1.59 27 19.62 1.78c 1.17–2.59
2 0.2 5.3 0.60–19.15 0 �0.02 0 0–281.01
0 �0.08 0 0–5.79 0 �0.14 0 0–43.61

35 �2.14 0.67c 0.46–0.93 6 �1.97 0.83 0.30–1.82
56 3.54 2.08c 1.57–2.71 4 2.5 1.61 0.43–4.12
1 �0.09 0.57 0.01–3.19 0 �0.4 0 0–15.07

109 2.14 1.19 0.98–1.44 10 �3.26 0.84 0.40–1.54
1 �0.18 0.4 0.01–2.21 1 1.29 4.51 0.06–25.08

39 �0.7 0.87 0.62–1.19 4 �2.19 0.75 0.20–1.92
28 1.5 1.79c 1.19–2.58 3 1.64 1.49 0.30–4.36
41 1.52 1.44c 1.03–1.95 2 �4 0.45 0.05–1.64
3 0.05 1.14 0.23–3.34 0 �0.51 0 0–11.98
0 �0.08 0 0–5.77 0 �0.21 0 0–29.36

35 0.42 1.11 0.77–1.54 4 �3.25 0.67 0.18–1.72
33 0.45 1.13 0.77–1.58 3 0.72 1.17 0.23–3.42
6 0.02 1.03 0.38–2.25 2 2.19 2.95 0.33–10.63
5 0.3 1.95 0.63–4.56 1 1.13 3.14 0.04–17.46

19 �2.2 0.51c 0.31–0.80 1 �3.09 0.35 0–1.94
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months (Table 6). In this scenario, the risk of developing non-
thyroid second primary cancers was elevated over that of the
general population for those receiving radioisotope therapy (O/
E � 1.22; 95% CI, 1.11–1.34; AER � 14.9). The nonirradiated
cohort had a risk similar to the endemic rate (O/E � 1.03; 95%
CI, 0.97–1.08; AER � 1.97). Even with the 3-yr latency exclu-
sion period, the risk of hematological malignancies was signifi-
cantly elevated in the radioisotope cohort (O/E � 1.73; 95% CI,
1.29–2.29; AER � 3.75) but not for the nonirradiated cohort
(O/E � 1.02; 95% CI, 0.83–1.24; AER � 0.11).

Discussion

Second or higher-order malignancies account for approxi-
mately 16% of incident cancers in the United States (2). Sev-
eral U.S. and European studies have described an increased

association of second primary malignancies after diagnosis of
thyroid cancer (20 –29). With 30,278 patients and up to nearly
30 yr of follow-up, our results represent the largest U.S. pop-
ulation-based study of second primary malignancies in thy-
roid cancer survivors and the longest period of follow-up re-
ported. A similar SEER-based analysis by Ronckers et al. (26)
was recently performed, but their analysis included undiffer-
entiated medullary cancers and assessed the risk of radioiso-
tope exposure only after 1988. We chose to exclude medullary
histologies because of lower survival rates and association
with multiple endocrine neoplasias that could confound the
diagnosis of nonfamilial second primary tumors (30, 31). In
addition, we feel justified in recoding the 2098 persons who
received other radiotherapy between 1973 and 1987 as ra-
dioisotope therapy for this analysis because SEER registrars
were instructed to encode only radioisotope and interstitial
implants as other radiation. During that time period, radio-

TABLE 5. The effect of radiotherapy in development of secondary malignancies, 2-month latency exclusion

Secondary tumors

1988–2002

No radiotherapy Radioisotopes

Persons 9,901 PY at risk 60,289 Persons 8,159 PY at risk 46,666

Observed
Excess
riska O/E 95% CI Observed

Excess
riska O/E 95% CI

All sitesb 448 7.86 1.12c 1.02–1.23 331 12.01 1.2c 1.08–1.34
All solid tumorsb 396 5.88 1.1 0.99–1.21 285 8.06 1.15c 1.02–1.29
CNS 10 0.86 2.08 1–3.83 7 0.75 2.01 0.81–4.15
Eye and orbit, nonmelanoma 0 �0.01 0 0–47.89 0 �0.01 0 0–66.31
Head and neckb 7 �0.75 0.61 0.24–1.25 3 �1.14 0.36 0.07–1.05
Thymus, adrenal gland and other endocrine 1 0.09 2.27 0.03–12.61 0 �0.07 0 0–11.26
Lung and mediastinum 34 �3.13 0.64c 0.45–0.9 40 0.92 1.12 0.8–1.52
Breast 126 4.71 1.29c 1.08–1.54 76 2.79 1.21 0.95–1.51
Female breast 125 4.59 1.28c 1.07–1.53 76 2.84 1.21 0.95–1.52
Male breast 1 0.12 3.91 0.05–21.75 0 �0.04 0 0–17.83
Digestive system 63 �1.38 0.88 0.68–1.13 51 0.55 1.05 0.78–1.38
Esophagus 1 �0.34 0.33 0–1.81 2 �0.04 0.92 0.1–3.3
Stomach 7 0.16 1.16 0.47–2.39 12 1.65 2.79c 1.44–4.87
Small intestine 2 0.09 1.4 0.16–5.06 1 0.01 1.04 0.01–5.76
Colon and rectum 38 �0.92 0.87 0.62–1.2 27 �0.45 0.93 0.61–1.35
Anus 1 �0.04 0.82 0.01–4.56 2 0.25 2.44 0.27–8.81
Liver, gallbladder, and biliary 4 �0.3 0.69 0.18–1.76 2 �0.48 0.47 0.05–1.7
Pancreas 10 0.17 1.11 0.53–2.05 3 �0.64 0.5 0.1–1.47
Gynecological malignancies 39 0.41 1.07 0.76–1.46 24 0.06 1.01 0.65–1.5
Prostate 60 3.17 1.47c 1.12–1.89 45 2.8 1.41c 1.03–1.88
Testis 0 �0.12 0 0–4.9 1 0.04 1.26 0.02–7.01
Penis 0 �0.03 0 0–22.13 1 0.19 7.45 0.1–41.47
Urinary bladder 15 0.14 1.06 0.59–1.75 6 �0.87 0.6 0.22–1.3
Kidney and renal pelvis 16 1.18 1.8c 1.03–2.93 11 1.02 1.76 0.88–3.14
Ureter 0 �0.07 0 0–9.1 0 �0.06 0 0–13.1
All lymphatic and hematopoietic diseases 42 1.94 1.39 1–1.87 38 3.62 1.8c 1.27–2.47
Hodgkin lymphoma 6 0.7 3.38c 1.24–7.36 2 0.13 1.42 0.16–5.13
Non-Hodgkin lymphoma 16 0.11 1.04 0.6–1.69 11 0.05 1.02 0.51–1.83
Myeloma 11 1.09 2.47c 1.23–4.42 6 0.66 2.04 0.75–4.45
Leukemia 9 0.04 1.03 0.47–1.95 19 2.78 3.14c 1.89–4.91
Mesothelioma 1 0.05 1.41 0.02–7.85 1 0.1 1.95 0.03–10.85
Kaposi sarcoma 0 �0.11 0 0–5.37 0 �0.13 0 0–6.03
Miscellaneous 8 �0.09 0.94 0.4–1.85 7 0.32 1.27 0.51–2.62
Melanoma 22 1 1.38 0.86–2.09 17 1.15 1.46 0.85–2.34
Sarcoma 2 �0.09 0.79 0.09–2.84 2 0.03 1.08 0.12–3.9
Salivary gland 0 �0.16 0 0–3.75 2 0.28 2.84 0.32–10.24
Head/neck excluding thyroid and salivary 7 �0.59 0.66 0.27–1.37 1 �1.42 0.13c 0–0.73

Values in italics represent P � 0.05 for standardized incidence ratio vs. general U.S. population.
a Excess risk is number of cases per 10,000 person years.
b Excludes secondary thyroid cancer diagnoses.
c P � 0.05.
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isotope therapy was already a standard of care, whereas in-
terstitial implant therapy would have been unusual. A recent
study by Sandeep et al. (28) including 39,002 patients from 13
population-based cancer registries in Europe, Canada, Aus-
tralia, and Singapore was recently reported. Their findings
were similar to ours, with notable exceptions described below.

Our analysis confirmed some previous reports of increased
incidence of breast cancer in thyroid cancer survivors. The risk
was significantly elevated only for women ages 25–75 yr at di-
agnosis and only within 10 yr of thyroid cancer diagnosis. Other
authors have postulated that the increased incidence could be
due to radioisotope therapy (32, 33). Radioiodine is known to be
excreted in breast milk by the sodium iodide symporter, which is
also expressed in salivary gland tissue and the stomach (34–37).
Nevertheless, it is unlikely that many women in our study were
lactating at the time of radioiodine administration, and this in-
formation is not included in the SEER database. In our analysis,
both the nonirradiated and irradiated patients had significantly
elevated risk for breast cancer, but the relative risk was statisti-
cally indistinguishable between the groups. This suggests that the
increased risk of breast cancer is likely due to other factors.

The increased diagnosis of prevalent cancers (breast and pros-
tate) within 5 yr of diagnosis of thyroid cancer may be evidence
of surveillance bias in our data. Patients who have been diag-
nosed with a previous malignancy may be more likely to seek
routine and follow-up health care resulting in a perceived in-
crease in second primary cancers. To address this issue, we per-
formed an additional analysis using a latency exclusion period of
3yrasopposed to2months, because radiogenicmalignancies are
thought to have a latency rate of several years before clinical
presentation. In this scenario, we still identified an elevated risk
of both hematological and solid second malignancies in the ir-
radiated cohort but did not see an overall elevated risk in the
nonirradiated group. With some studies reporting reciprocal as-
sociations of thyroid with breast, prostate, kidney, and salivary
gland cancers (26, 28), we cannot exclude an environmental or
genetic mechanism (38) responsible for this correlation. One of
the primary molecular changes in papillary, but not follicular,
thyroid cancer is mutation of the RET protooncogene (16),
which has also been linked to leukemia, prostate cancer, and
breast cancer (39–42). In addition, a missense variant (I157T) of
the CHEK2 protein, which participates in DNA repair, is asso-

TABLE 5. Continued

1973–2002

No radiotherapy Radioisotopes

Persons 18,029 PY at risk 210,960 Persons 10,257 PY at risk 81,530

Observed
Excess
riska O/E 95% CI Observed

Excess
riska O/E 95% CI

1,573 3.53 1.05 1.00–1.10 618 13.3 1.21c 1.12–1.31
1,412 3.1 1.05 0.99–1.10 533 9.13 1.16 1.07–1.27

28 0.47 1.55 1.03–2.24 12 0.69 1.89 0.97–3.3
0 �0.01 0 0–12.71 0 �0.01 0 0–35.72

37 �0.47 0.79 0.55–1.09 7 �1.15 0.43 0.17–0.88
3 0.07 1.9 0.38–5.55 0 �0.07 0 0–6.26

158 �2.26 0.77c 0.65–0.90 77 0.98 1.12 0.88–1.39
435 3.9 1.23c 1.12–1.35 135 2.89 1.21c 1.02–1.43
433 3.85 1.23c 1.12–1.35 134 2.82 1.21c 1.01–1.43

2 0.05 2.23 0.25–8.04 1 0.08 2.59 0.03–14.42
249 �1.69 0.87c 0.77–0.99 101 0.98 1.09 0.88–1.32

3 �0.42 0.26c 0.05–0.75 2 �0.27 0.47 0.05–1.71
24 �0.07 0.94 0.60–1.40 16 0.89 1.83c 1.04–2.97

5 0 1 0.32–2.34 2 0.03 1.16 0.13–4.19
169 �0.37 0.96 0.82–1.11 59 0.34 1.05 0.8–1.35

1 �0.15 0.24 0–1.31 3 0.19 2.11 0.42–6.16
17 �0.22 0.78 0.46–1.25 8 0.01 1.01 0.44–1.99
27 �0.4 0.76 0.50–1.11 9 �0.29 0.79 0.36–1.51

128 �0.68 0.9 0.75–1.07 41 �0.3 0.94 0.68–1.28
180 2.09 1.32c 1.14–1.53 82 2.71 1.37c 1.09–1.7

4 0.07 1.61 0.43–4.11 1 �0.04 0.76 0.01–4.22
0 �0.03 0 0–5.69 1 0.09 3.79 0.05–21.1

42 �0.58 0.78 0.56–1.05 12 �0.88 0.62 0.32–1.09
71 1.87 2.24c 1.75–2.83 28 2.05 2.47c 1.64–3.57

2 0.01 1.18 0.13–4.28 0 �0.07 0 0–6.6
124 0.56 1.11 0.92–1.32 67 3.49 1.74c 1.36–2.21

11 0.23 1.79 0.89–3.21 5 0.31 2.05 0.66–4.78
49 �0.3 0.89 0.66–1.17 24 0.58 1.24 0.8–1.85
28 0.52 1.65c 1.10–2.39 10 0.55 1.81 0.86–3.32
36 0.1 1.07 0.75–1.48 28 2.05 2.48c 1.65–3.58
4 0.06 1.5 0.40–3.84 1 0 1.01 0.01–5.6
0 �0.14 0 0–1.23 0 �0.16 0 0–2.89

30 �0.26 0.84 0.57–1.20 17 0.76 1.57 0.91–2.51
56 0.2 1.08 0.82–1.4 29 1.14 1.47 0.99–2.11
12 0.15 1.35 0.70–2.36 6 0.34 1.84 0.67–4.-1
11 0.35 3.09c 1.54–5.53 2 0.09 1.57 0.18–5.66
26 �0.82 0.6c 0.39–0.88 5 �1.24 0.33c 0.11–0.77

J Clin Endocrinol Metab, February 2008, 93(2):504–515 jcem.endojournals.org 511

 at Medical College of Wisconsin Todd Wehr Library-Serials on March 13, 2008 jcem.endojournals.orgDownloaded from 

http://jcem.endojournals.org


ciated with an increased risk of thyroid, breast, prostate, kidney,
and colon cancers (43–45). How these molecular changes may
have affected our study population is unknown and beyond the
scope of the current work.

Our study also confirmed previous reports of increased risk of
prostate cancer. Prostate cancer was the only cancer we analyzed
that had statistically increased incidence for patients diagnosed
with thyroid cancer after age 75. This could be due to shared
molecular-genetic susceptibilities or the potential for surveil-
lance bias, both discussed above. Unfortunately, the SEER da-
tabase does not track this type of information and is beyond the
scope of this work.

Because radioiodine is excreted both fecally and renally, we
evaluated these body sites for a radiation effect. Previous stud-
ies reported a significantly increased incidence of kidney can-
cer (29, 46), colorectal cancer (28, 47, 48), and bladder cancer
(32, 49) in patients who received radioisotopes. Our analysis

did show an increased risk of kidney cancer, but this increased
risk was statistically equivalent in both the irradiated and
nonirradiated cohorts. We found no increased risk of gastro-
intestinal malignancies in our study population, with the no-
table exception of a statistically increased risk for stomach
cancer in the radioisotope cohort. The stomach is both
strongly avid for 131I (as measured by nuclear medicine scans)
and has some of the greatest expression of the sodium iodide
symporter of all body tissues tested (35).

Salivary glands are also known to concentrate and excrete
131I. Interestingly, in our study, this risk was significantly in-
creased in the nonirradiated patients only. The interpretation of
this finding is challenging. Again, one may surmise that the en-
vironmental and genetic factors leading to a thyroid cancer are
similar to those resulting in salivary tumors. For example, both
thyroid and salivary malignancies are known to be induced by
radiation (9, 32, 50). However, if it were true that medical or

TABLE 6. The effect of radiotherapy in development of secondary malignancies, 36-month latency exclusion

Secondary tumors

1988–2002

No radiotherapy Radioisotopes

Persons 5,413 PY at risk 24,312 Persons 4,248 PY at risk 17,497

Observed
Excess
riska O/E 95% CI Observed

Excess
riska O/E 95% CI

All sitesb 191 2.81 1.04 0.9–1.2 145 15.69 1.23c 1.04–1.45
All solid tumorsb 170 1.76 1.03 0.88–1.19 125 10.97 1.18 0.98–1.41
CNS 6 1.6 2.85c 1.04–6.2 1 �0.24 0.71 0.01–3.93
Eye and orbit, nonmelanoma 0 �0.01 0 0–104.76 0 �0.01 0 0–156.45
Head and neck, excluding thyroid 2 �1.29 0.39 0.04–1.41 1 �1.39 0.29 0–1.62
Thymus, adrenal gland, and other endocrine 0 �0.08 0 0–18.73 0 �0.08 0 0–27.24
Lung and mediastinum 13 �4.74 0.53c 0.28–0.91 17 0.94 1.11 0.64–1.77
Breast 59 5.91 1.32c 1.01–1.71 34 3.85 1.25 0.86–1.74
Female breast 59 5.96 1.33c 1.01–1.71 34 3.9 1.25 0.87–1.75
Male breast 0 �0.05 0 0–30.5 0 �0.05 0 0–41.81
Digestive system 28 �2.22 0.84 0.56–1.21 25 2.26 1.19 0.77–1.75
Esophagus 0 �0.59 0 0–2.56 1 0.03 1.06 0.01–5.92
Stomach 3 0.1 1.09 0.22–3.18 7 2.96 3.85c 1.54–7.92
Small intestine 0 �0.28 0 0–5.44 1 0.33 2.36 0.03–13.15
Colon and rectum 19 �0.55 0.93 0.56–1.46 9 �2.07 0.71 0.33–1.35
Anus 0 �0.24 0 0–6.42 1 0.37 2.77 0.04–15.43
Liver, gallbladder, and biliary 1 -0.73 0.36 0–2.01 2 0.08 1.08 0.12–3.88
Pancreas 5 0.31 1.18 0.38–2.74 2 �0.36 0.76 0.09–2.75
Gynecological malignancies 13 �1.4 0.79 0.42–1.35 11 0.54 1.09 0.55–1.96
Prostate 22 1.31 1.17 0.73–1.77 18 2.63 1.34 0.8–2.12
Testis 0 �0.11 0 0–13.39 0 �0.16 0 0–13.33
Penis 0 �0.03 0 0–46.81 0 �0.03 0 0–63.29
Urinary bladder 8 0.52 1.19 0.51–2.34 3 �0.8 0.68 0.14–1.99
Kidney and renal pelvis 7 1.17 1.68 0.67–3.46 5 1.3 1.84 0.59–4.29
Ureter 0 �0.08 0 0–19.3 0 �0.07 0 0–30.17
All lymphatic and hematopoietic diseases 16 0.86 1.15 0.66–1.87 16 4.01 1.78c 1.02–2.89
Hodgkin lymphoma 1 0.13 1.47 0.02–8.16 2 0.86 3.98 0.45–14.36
Non-Hodgkin lymphoma 5 �0.87 0.7 0.23–1.64 5 0.22 1.08 0.35–2.53
Myeloma 5 1.2 2.4 0.77–5.6 1 �0.16 0.78 0.01–4.34
Leukemia 5 0.4 1.24 0.4–2.89 8 3.1 3.1c 1.34–6.11
Mesothelioma 1 0.27 3.01 0.04–16.76 1 0.45 4.56 0.06–25.38
Kaposi sarcoma 0 �0.08 0 0–19.14 0 �0.09 0 0–22.94
Miscellaneous 4 0.03 1.02 0.27–2.61 3 0.36 1.27 0.26–3.71
Melanoma 11 1.55 1.52 0.76–2.72 7 1.21 1.43 0.57–2.95
Sarcoma 0 �0.47 0 0–3.24 2 0.71 2.62 0.29–9.45
Salivary gland 0 �0.18 0 0–8.2 1 0.4 3.35 0.04–18.67
Head/neck excluding thyroid and salivary 2 �1.1 0.43 0.05–1.54 0 �1.79 0 0–1.17

Values in italics represent P � 0.05 for standardized incidence ratio vs. general U.S. population. CNS, Central nervous system.
a Excess risk is number of cases per 10,000 person years.
b Excludes secondary thyroid cancer diagnoses.
c P � 0.05.
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occupational radiation was causing the thyroid and salivary
gland tumors, we might expect to see this risk proportionally
sharedoverboth the irradiatedandnonirradiatedcohorts,which
we did not. Upon closer review, the excess risk was observed in
cases diagnosed between 1973 and 1988, with no excess risk
noted for the later time period. This might be attributed to the
earlier practice of head and neck irradiation for benign condi-
tions that is a known risk factor for radiogenic malignancies such
as thyroid cancer. However, Mehta et al. (4) suggest that these
particular malignancies have been dramatically declining since
1970. Our result may simply reflect statistical noise in the setting
of multiple subgroup testing.

We observed a decreased risk of smoking-related cancers such
as bladder, lung, and nonthyroid head and neck cancers than
what was expected in the general population. This decrease
could be attributable to smoking cessation among survivors of
thyroid cancer, because lifestyle modification in cancer survivors
has been documented (51). Alternatively, our study population
may represent people less likely to smoke than the general U.S.
population. Unfortunately, smoking habits are not encoded by

SEER registrars. Sandeep et al. (28) did not observe this decrease
and in fact reported an increase in pharyngeal second primaries.
This may be explained by different exposures in Sandeep’s study
population compared with the U.S. population.

The most frequently reported cancer associated with radio-
isotope therapy is leukemia (26, 28, 32, 47–49, 52). Our study
confirmed a statistically significant increase of leukemia in pa-
tients receiving radioisotope therapy compared with patients
who received no radiation therapy (1973–2002: RR � 2.33;
95% CI, 1.38–3.79; P � 0.001; 1988–2002: RR � 3.05; 95%
CI, 1.48–8.3; P � 0.004), with greater numbers diagnosed
within 10 yr after primary diagnosis. Leukemia, like thyroid
cancer, is known to be associated with radiation and chemo-
therapy and usually occurs within 10 yr of treatment for other
cancers (14, 53, 54). The described association of thyroid cancer
with leukemia cannot be entirely attributed to treatment, be-
cause a reciprocal relationship has been reported (26, 28), indi-
cating other factors separate from treatment effects.

The strengths of our study include the use of a large, high-
quality, population database representing diverse sites in the

TABLE 6. Continued

1973–2002

No Radiotherapy Radioisotopes

Persons 14,841 PY at risk 164,783 Persons 7,624 PY at risk 56,437

Observed
Excess
riska O/E 95% CI Observed

Excess
riska O/E 95% CI

1,292 1.97 1.03 0.97–1.08 467 14.89 1.22c 1.11–1.34
1,165 2.01 1.03 0.97–1.09 403 10.31 1.17c 1.06–1.29

25 0.61 1.68c 1.09–2.48 6 0.24 1.29 0.47–2.82
0 �0.01 0 0–15.27 0 �0.01 0 0–48.03

31 �0.47 0.8 0.54–1.13 7 �0.9 0.58 0.23–1.19
2 0.04 1.53 0.17–5.54 0 �0.08 0 0–8.52

132 �2.57 0.76c 0.63–0.9 62 1.73 1.19 0.91–1.52
355 3.56 1.2c 1.08–1.33 95 2.04 1.14 0.92–1.39
353 3.49 1.19c 1.07–1.33 94 1.92 1.13 0.91–1.38

2 0.08 2.65 0.3–9.57 1 0.13 3.43 0.04–19.11
211 �1.74 0.88 0.77–1.01 79 1.55 1.12 0.89–1.4

2 �0.48 0.2c 0.02–0.73 1 �0.39 0.31 0–1.75
19 �0.13 0.9 0.54–1.4 11 0.79 1.68 0.84–3
2 �0.14 0.47 0.05–1.7 2 0.12 1.53 0.17–5.53

146 �0.17 0.98 0.83–1.15 47 0.81 1.11 0.81–1.47
1 �0.16 0.28 0–1.56 2 0.16 1.87 0.21–6.75

14 �0.27 0.76 0.42–1.27 6 0 1 0.36–2.17
25 �0.3 0.84 0.54–1.23 8 �0.11 0.93 0.4–1.83

102 �0.94 0.87 0.71–1.05 31 �0.2 0.96 0.66–1.37
150 2.04 1.29c 1.09–1.51 63 3 1.37c 1.05–1.75

2 0.01 1.07 0.12–3.87 1 0.02 1.14 0.01–6.36
0 �0.03 0 0–6.87 0 �0.04 0 0–18.54

36 �0.6 0.79 0.55–1.09 11 �0.64 0.75 0.38–1.35
58 1.89 2.16c 1.64–2.8 22 2.38 2.57c 1.61–3.9

2 0.04 1.41 0.16–5.08 0 �0.07 0 0–8.73
96 0.11 1.02 0.83–1.24 50 3.75 1.73c 1.29–2.29

4 �0.04 0.85 0.23–2.18 5 0.59 3.03 0.98–7.08
38 �0.54 0.81 0.57–1.11 20 0.97 1.38 0.84–2.13
21 0.4 1.46 0.91–2.24 6 0.32 1.43 0.52–3.1
33 0.28 1.17 0.8–1.64 19 1.87 2.25c 1.35–3.51
4 0.11 1.77 0.48–4.53 1 0.04 1.33 0.02–7.37
0 �0.15 0 0–1.53 0 �0.15 0 0–4.28

26 �0.23 0.87 0.57–1.28 13 0.86 1.6 0.85–2.73
42 �0.06 0.98 0.7–1.32 20 0.98 1.38 0.84–2.13
11 0.22 1.51 0.75–2.7 5 0.46 2.1 0.68–4.91
10 0.43 3.39c 1.62–6.24 2 0.19 2.12 0.24–7.65
21 �0.9 0.59c 0.36–0.9 5 �1.09 0.45 0.14–1.05
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United States and the longest period of follow-up of any study of
second primary tumors after thyroid cancer diagnosis. Limita-
tions include the many sources of bias inherent in retrospective
studies, particularly surveillance bias that would detect more
secondary malignancies in patients with follow-up after thyroid
cancer and misclassification bias, as well as the small numbers of
relatively rare second primaries and the inability to standardize
histology review of malignancies. Some clinical and pathological
data known to be of prognostic significance are not available in
the SEER database. Specifically lacking is information regarding
details about dose and number of courses of radioiodine admin-
istration making the investigation of a dose-effect relationship
impossible. In addition, the SEER database does not record his-
tory of treatment failure or time of relapse. Therefore, we were
unable to adjust for these factors in our analyses.

In summary, the overall risk of second primary malignancies
is slightly increased for thyroid cancer survivors over that of the
general U.S. population. These risks are modified by age at di-
agnosis, radioisotope use, and latency period. Cancer-specific
screening for common second primary cancers, (e.g. leukemia,
breast, and prostate) is recommended during follow-up for thy-
roid cancer survivors. Additional studies investigating molecu-
lar-genetic and environmental factors may aid in the identifica-
tion of specific groups at the greatest risk of developing second
primary cancers in the future.
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