
Second Primary Malignancy Risk
After Radioactive Iodine Treatment for Thyroid Cancer:

A Systematic Review and Meta-analysis

Anna M. Sawka, M.D., Ph.D., FRCPC,1,2 Lehana Thabane, Ph.D.,3,4 Luciana Parlea, M.D.,2

Irada Ibrahim-Zada, M.D.,5 Richard W. Tsang, M.D., FRCPC,6 James D. Brierley, M.D., FRCPC,6

Sharon Straus, M.D., FRCPC, M.Sc.,7 Shereen Ezzat, M.D.,8–10 and David P. Goldstein, M.D., FRCSC11,12

Background: The risk of second primary malignancies (SPMs) associated with cancer therapies is an important
concern of thyroid cancer survivors and physicians. Our objective was to determine if the risk of SPMs is increased
in individuals with thyroid cancer treated with radioactive iodine (RAI), compared to those not treated with RAI.
Methods: We performed a systematic review of the literature and meta-analysis. Two independent reviewers
screened citations and reviewed full-text papers. If not reported by the primary authors, the relative risk (RR) of
SPMs was calculated by dividing the standardized incidence ratio of SPM in individuals with thyroid cancer
treated with RAI compared to those not treated with RAI (with associated 95% confidence intervals [CI]). The
natural logarithms of RRs of respective SPMs, weighted by the inverse of the variance, were pooled using fixed
effects models and the exponential of the results was reported.
Results: Two multi-center studies (one from Europe and the other from North America) were included in this
review. The RR of SPMs in thyroid cancer survivors treated with RAI was significantly increased at 1.19 (95%
confidence interval [CI] 1.04, 1.36, p¼ 0.010), relative to thyroid cancer survivors not treated with RAI (data from
16,502 individuals), using a minimum latency period of 2 to 3 years after thyroid cancer diagnosis. The RR of
leukemia was also significantly increased in thyroid cancer survivors treated with RAI, with an RR of 2.5 (95% CI
1.13, 5.53, p¼ 0.024). We did not observe a significantly increased risk of the following cancers related to prior RAI
treatment: bladder, breast, central nervous system, colon and rectum, digestive tract, stomach, pancreas, kidney
(and renal pelvis), lung, or melanoma of skin.
Conclusions: The risk of SPMs in thyroid cancer survivors treated with RAI is slightly increased compared to
thyroid cancer survivors not treated with RAI.

Introduction

Thyroid cancer is the most commonly diagnosed endo-
crine malignancy (1,2). Based on statistics reported

in 2008, approximately 4300 Canadians (1) and 37,340

Americans (2) were diagnosedwith thyroid cancer in the prior
year. Furthermore, the incidence in thyroid cancer is rising
throughout the world (1–5). In Canada, the incidence of thy-
roid cancer has risen by 5.5% per year in men and by 10.1%
per year in women since 1997 (1). Similar trends in increasing
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numbers of individuals being diagnosed with thyroid cancer
have been reported in the United States (2–4) and the United
Kingdom (5). Yet the relative 5-year survival rate for thyroid
cancer is among the highest of all cancers in Canada (98%)
(1) and the United States (96.7%) (2). Recent major and sus-
tained improvements in thyroid cancer–related survival have
also been reported in Europe from 1991 to 2002 (6). The
most common histologic subtype of thyroid cancer is papil-
lary carcinoma, accounting for about 80% of cases, followed
by follicular carcinoma (collectively referred to as well-
differentiated thyroid carcinoma) (7,8).

Primary treatment of well-differentiated thyroid carcinoma
includes thyroidectomy, thyroid hormone treatment, and se-
lectively, post-surgical radioactive iodine (RAI) depending on
patient and disease features such as pathologic stage (9–15).
The use of RAI in the treatment of thyroid carcinoma is rela-
tively common, with the National Thyroid Cancer Treatment
Co-operative Group recently reporting that RAI treatment
had been administered in 62–75% of individuals in their
studied cohorts (16).

We recently reported that thyroid cancer survivors are at
increased risk of developing second primary malignancies
(SPMs) relative to the general population (17). In the current
study, we have performed a systematic review and meta-
analysis examining whether individuals with thyroid cancer
treated with RAI are at higher risk of developing SPMs com-
pared to individuals with thyroid cancer not treated with RAI.

Patients and Methods

Inclusion and exclusion criteria for studies

We restricted this review to published English-language
studies comparing the risk of SPM in individuals with thyroid
cancer treatedwith RAI compared to individuals with thyroid
cancer not treated with RAI. Second primary malignancies
were required to have been diagnosed after an initial diag-
nosis of thyroid cancer and recurrences of thyroid cancer were
not considered SPMs. A requirement for inclusion of the study
was the presentation of a relative risk (RR), odds ratio, or
hazard ratio (with respective 95% confidence intervals, CIs)
comparing SPM risk in thyroid cancer patients treated with
RAI to those not treated with RAI, or reporting of sufficient
information such that ratios and accompanying 95%CIs could
be calculated. Published studies from cohort studies, cross-
sectional studies, cancer registries, administrative datasets,
meta-analyses, and large case series (including> 50 patients)
were eligible for inclusion. A minimum of 50 thyroid carci-
noma patients was required be included in a study, for
meaningful analysis of SPMs. In the case of multiple studies
on the same population or overlapping populations, the
largest or the most completely reported of the duplicate
studies examining the intervention and outcome of interest
was included.

Description of the search for relevant studies

An electronic search was conducted for citations on SPMs
in thyroid cancer survivors using the following electronic
databases (no language restriction) (updated December 2006;
March 31, 2007; and September 20, 2008): Ovid Medline (be-
ginning 1966), Ovid Medline-in-Process and non-indexed
citations, Cochrane database of systematic reviews, American

College of Physicians Journal Club, All Evidence-Based
Medicine Reviews (including Database of Abstracts of Re-
views of Effects and Cochrane Central Register of Controlled
Trials), EMBASE (beginning 1980), Cumulative Index to
Nursing and Allied Health Literature (beginning 1982), and
Ovid Healthstar (beginning 1966). We also cross-referenced
potentially relevant reviewed studies and contacted experts
for relevant citations. Otherwise, non-English citations were
excluded from this review because of the lack of resources for
translation, although if an English abstract was available, this
was used to judge potential relevance.

Selection of studies and data abstraction

All abstracts and citations were reviewed independently by
two reviewers. Any abstract or citation deemed potentially
relevant by either reviewer was retrieved and reviewed in
full-text form by two independent reviewers. Any potentially
relevant full-text papers retrieved from other sources, such as
expert suggestion or cross-referencing of reviewed papers,
were also subjected to review by two independent reviewers.
We achieved consensus between reviewers for all studies in-
cluded in the final systematic review. Data were indepen-
dently abstracted by two abstractors, and the final data was
reviewed by a third party for accuracy. Any discrepancies in
data abstraction were resolved by consensus among the third
party and the data abstractors.

Statistical analyses

Kappa statistics were calculated to assess agreement be-
tween reviewers for relevance at the abstract review stage and
for inclusion at the full-text review stage, prior to achieving
consensus. The kappa statistics and 95% CIs were calculated
using CIA software (2nd edition, BMJ Books, London, UK).
The primary analysis was a pooled analysis examining the RR
for any SPM in thyroid cancer survivors treated with RAI
compared to thyroid cancer survivors not treated with RAI.
Secondary pooled analyses of RRs for respective specific
SPMs were also performed. If not reported by the primary
authors, the RR of SPMs was calculated by dividing the
standardized incidence ratio (observed divided by expected
cases) of SPM in individuals with thyroid cancer treated with
RAI compared to those not treated with RAI (with associated
95%CIs) (CIA software). Estimates of the natural logarithm of
the RRs weighted by the inverse of the variance were pooled
using fixed effects models and the results were exponentiated
to convert them into the RR scale (Comprehensive Meta-
Analysis software, version 2.0; Biostat, Englewood, NJ). Both
the pooled estimate of RR and corresponding 95% CI are re-
ported. The robustness of these analyses was checked using
random effects models. A minimum of 1-year latency period
from time of diagnosis of thyroid cancer or RAI treatment to
diagnosis of SPM was selected for pooled analyses, with
effort to pool data with similar latency periods. Thus for in-
cluded studies, regardless of total follow-up period, only non-
thyroidal malignancies diagnosed 1 year or later after the
primary diagnosis of thyroid cancer were counted as SPMs in
the pooled analyses. Ifmultiple analyses using various latency
periods were reported in primary studies, we only pooled
data utilizing latency periods 1 year or longer after the initial
diagnosis of thyroid cancer (the shortest latency period, 1 year
or longer after diagnosis of thyroid cancer). The rationale for
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selecting a latency period of at least 1 year was based on the
theoretical concept that it takes some time for biologic pro-
cesses to result in development and detection of a cancer after
exposure to a potential carcinogen. Heterogeneity of data
included in the pooled primary analysis was estimated by
calculation of an I-squared value (variation in effect size
attributed to heterogeneity) and a tau-squared value for
between-study variance (Comprehensive Meta Analysis
software, version 2.0).

Results

Description of the studies

We retrieved 1571 potentially relevant citations using our
electronic search and an additional 36 citations from other
sources, for a total of 1607 reviewed publications (Fig. 1).
Agreement between reviewers for relevance of 1571 abstracts
and citations retrieved by the electronic search was reflected
by a kappa statistic of 0.56 (95% CI 0.46, 0.65). The kappa
statistic was 0.88 (95% CI 0.79, 0.97) for the initial review of
172 full-text papers. After considering the inclusion and ex-
clusion criteria and excluding studies of duplicate popula-
tions (which were smaller, less recent, or contained insufficient
information for calculation of RR related to RAI treatment in
thyroid cancer), only two studies were included in the review
(18,19) (Fig. 1).

The characteristics of the included studies by Brown et al.
(18) and Rubino et al. (19) are described in Table 1. The pop-
ulation in the study by Brown et al. (18) was assembled using
cancer registry records from the Surveillance, Epidemiology,
and End Results (SEER) program of the National Cancer In-
stitute in North America. In contrast, the population in the
study by Rubino et al. (19) was assembled using data from
three European clinical cohorts (Sweden 1951–1997, Italy
1958–1995, and France 1934–1995). In both papers, the study

population was comprised of survivors of papillary or follic-
ular thyroid carcinoma, and individuals who had been diag-
nosed with another primary malignancy prior to the thyroid
were excluded (18,19). The median or mean age of diagnosis
of thyroid cancer was in the early 40s for both studies (18,19).
The overall median follow-up periods were as follows: 8.6
years in the SEER study (18) and 13 years in the European
study (19). The stage of thyroid cancer at diagnosis was not
reported in either study (18,19). In the SEER study, overall
33.9% of individuals received radioisotope therapy, whereas
6.6% received either a combination of radioisotope therapy
with external beam radiotherapy, external beam radiotherapy
alone, or brachytherapy (18). In the European study, 62% of
individuals received RAI, 17% received external beam ra-
diotherapy, and 9% received both (19). The mean cumulative
activity of RAI receivedwas not reported in SEER (18) but was
6.0 GBq (range, 0.2–55.5 GBq) in the European study. The
overall percentage of individuals developing one or more
SPMs in each of the studies was as follows: SEER 7.1%
(2158=30,278) (18) and European cohorts 8.4% (576=6841) (19).
The median time to development of an SPM after a thyroid
cancer diagnosis was 8.1 years (range, 0.2–29.7 years) in the
SEER study (18). In the European study, the mean time from
thyroid cancer diagnosis to development of an SPM was 15
years (range, 2–55 years) (19).

To assess study quality, we examined all studies with re-
spect to four variables, including reporting of mode of data
collection (retrospective or prospective), numerical descrip-
tion of the eligible participants excluded from the study, nu-
merical description of losses to follow-up in the study, and
independent confirmation of thyroid cancer and SPM diag-
noses. In both of the included studies, it was not explicitly
stated that data were prospectively collected (18,19); how-
ever, we assumed that the cancer registry data collected in
the SEER database in the Brown et al. (18) study was likely

FIG. 1. Process of study
selection for the systematic
review.
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prospectively collected. In the European study, the term co-
hort was used, implying a longitudinal design (19). In both
included studies, there was no clear numerical description of
the ineligible thyroid cancer survivors excluded from the
study (18,19). Losses to follow-up were not reported in the
SEER study (18) but were reported to be approximately 20%
in the European study (19). It was not clearly reported whe-
ther there was any independent confirmation of cancer diag-
noses in the SEER study, although the authors indicated that
SEER mandates a 98% case ascertainment and that quality
and completeness studies are conducted yearly in SEER areas
(18). In the European study, the authors reported that histo-
logic diagnoses were obtained for all second primaries to
exclude the possibility of metastases, although it was not clear
if there were any independent histologic reviews (19).

Results of the pooled analyses

In our meta-analyses, we pooled data on the RR of SPMs
diagnosed a minimum of 3 years after the initial diagnosis of
thyroid cancer from the SEER database (18) with RR data for
SPMs diagnosed a minimum of 2 years after thyroid cancer
diagnosis in the European study (19) (as the populations and
latency periods were judged to be sufficiently similar for
analysis). In the SEER study, data from the years 1988 to 2002
were used for the pooled analysis, since in this period, ra-
dioisotope therapy was distinguished from other types of
radiation treatment (18). We assumed that radioisotope
therapy for differentiated thyroid cancer reported in the SEER
study (18)was RAI (131I). For the SEER data (18), we estimated
the RR of SPMs in RAI-treated thyroid cancer survivors rel-
ative to thyroid cancer survivors not treated with RAI by di-
viding the observed or expected rate of SPMs in the RAI group
by that in the non-RAI group. In our pooled analysis of data
from SEER and the European study, the RR of SPMs in thy-
roid cancer survivors treated with RAI was significantly in-
creased at 1.19 (95% confidence interval [CI] 1.04, 1.36,
p¼ 0.010), relative to thyroid cancer survivors not treated
with RAI (data from 16,502 individuals) (Table 2, Fig. 2).
There was significant heterogeneity of RRs of any SPM in the

pooled analysis (I-squared< 0.001, tau-squared< 0.001). We
found that the pooled RR of leukemia was increased in thy-
roid cancer survivors treated with RAI, with an RR of 2.50
(95% CI 1.13, 5.53, p¼ 0.024) relative to those not treated with
RAI. We did not observe a significantly increased pooled RR
of the following cancers related to prior RAI treatment:
bladder, breast, central nervous system, colon and rectum,
digestive tract, stomach, pancreas, kidney (and renal pelvis),
lung, and melanoma of skin. The significance level of the
findings was robust for all analyses using respective random
effects models.

It is important to note that in the European study, an in-
creased risk of the following SPMs was reported in RAI-
treated thyroid cancer survivors relative to those not treated
with RAI: salivary glands (RR 7.5, 95% CI 1.2–143), bone and
soft tissue (RR 4.0, 1.5–12.4), female genital organs (RR 2.2,
95% CI 1.3–3.9), and uterus (RR 2.3, 1.2–4.7) (19). For the

Table 1. Characteristics of the Included Studies

Study Type of dataset

Time period
of study

(period for RAI RR
SPM analysis)a

Years of
follow-up
(range)

Age at diagnosis of
thyroid cancer (range)

No. of thyroid
cancer survivors
(no. in RAI RR
SPM analysis)b

Brown
et al., 2008 (18)

North American
registry cohorts

1973–2002
(1988–2002)

Median 8.6
(0.2–29.7)

Median 42
(4–100)

30,278
(9661; 4248 received RAI)c

Rubino
et al., 2003 (19)

European clinical
cohorts

France 1934–1995
Sweden 1951–1977
Italy 1958–1995
(same as above)

Mean 13
(2–55)

Mean 44
(2–91)

6,841
(6841; 4225 received RAI)d

aDetails relating to the data used for the calculation of the pooled RR of SPMs after RAI treatment (compared to no RAI treatment).
bIn the case of the Brown et al. study (18), the data for the pooled analysis was restricted to a subgroup from 1988 to 2002, when details of

radioisotope use were reported, using a latency period cut-off of 3 years. Therapeutic radioiosotope use in thyroid cancer was assumed to be
RAI treatment.

cFor the Brown et al. study (18), the latency period (the minimum time from thyroid cancer diagnosis) to development of a SPM was 3 years
for the pooled analyses. Thus, only second cancers diagnosed a minimum of 3 years after the initial thyroid cancer diagnosis were counted as
SPMs in the pooled analysis.

dFor the Rubino et al. study (19), the latency period (the minimum time from thyroid cancer diagnosis) to development of a SPM was 2
years for the pooled analyses. Thus only second cancers diagnosed a minimum of 2 years after the initial thyroid cancer diagnosis were
counted as SPMs in the pooled analysis.

RR, relative risk; SPMs, second primary malignancies; RAI, radioactive iodine.

Table 2. Pooled Relative Risk of Second Primary

Malignancy in Thyroid Carcinoma Patients Treated

with Radioactive Iodine Relative to Those Not

Treated with Radioactive Iodine

Type of SPM
Relative
risk

95% Confidence
interval p-value

Any SPM 1.19 1.04, 1.36 0.010
Bladder 1.19 0.51, 2.78 0.690
Breast 0.86 0.64, 1.16 0.324
Central nervous system 1.74 0.73, 4.17 0.213
Colon and rectum 1.16 0.77, 1.75 0.472
Digestive tract 1.17 0.88, 1.54 0.28
Kidney and renal pelvis 1.39 0.71, 2.72 0.338
Leukemia 2.50 1.13, 5.53 0.024
Lung 1.50 0.86, 2.60 0.151
Melanoma (skin) 0.86 0.43, 1.70 0.655
Stomach 1.66 0.74, 3.72 0.220

The data pooled are from the SEER study by Brown et al. (18) and
the European study by Rubino et al. (19). The total number of thyroid
cancer survivors included in the pooled analysis is 16,502.

SPM, second primary malignancy.
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outcome of salivary gland malignancies, a pooled analysis
was not possible as there were no SPM events in the control
group of the SEER study (18), and an RR could not be calcu-
lated. There was insufficient data available from one or both
included studies for the calculation of pooled RR of other
types of cancers. We were unable to calculate the pooled RR
for multiple myeloma after RAI treatment, as the RR reported
in the European study did not correspond with the reported
95% CI (reported as RR 1.5, 95% CI 0.3–0.7) and we did not
receive a response to an e-mail request for clarification from
the corresponding author. As for the SEER study (18), it is
worthy ofmention that for the outcome of stomach cancer, the
standardized incidence rate (observed or expected) of stom-
ach cancer was found to be increased in thyroid cancer
survivors compared to the general population (3.85, 95% CI
1.54–7.92); however, when we transformed the data in this
study to an RR of stomach cancer in thyroid cancer survivors
treated with radioisotopes compared to thyroid cancer sur-
vivors not treatedwith radioisotopes, the RRwas 3.53 (95%CI
0.80–21.13), which was not significantly elevated. The wider
CIs in the RR calculation reflect the relative rarity of such
tumors in thyroid cancer survivors, with or without a history
of RAI treatment. On pooling data from the European (19) and
SEER (18) studies, the risk of stomach cancer was not found to
be significantly elevated in thyroid cancer survivors treated
with RAI compared to those not treated with RAI. Similarly,
for the outcome of mesothelioma in the SEER study (18),
the standardized incidence rate for thyroid cancer survivors
treated with radioisotopes compared to the general popula-
tion was 3.10 (95% CI, 1.34–6.11), whereas we calculated the
RR to be 1.50 (0.02–117.74) when compared to thyroid cancer
survivors not treated with RAI. The RR of mesothelioma was
not reported in the European study (19).

Discussion

In a prior review, we reported that thyroid cancer survivors
have an increased risk of developing an SPM relative to the
general population (17). In particular the risk of the following
types of cancers was found to be elevated in thyroid cancer
survivors relative to the general population: adrenal, bone
and joints, breast, brain and central nervous system, colon
and colorectal, kidney, leukemia, multiple myeloma, non-
Hodgkin’s lymphoma, prostate, salivary gland, soft tissue
sarcoma, and stomach (17). In the current review, we have
learned that thyroid cancer survivors treated with RAI are at
slightly increased risk of developing a second cancer com-
pared to those not treated with RAI. In particular, the risk of

leukemia is elevated in thyroid cancer survivors treated with
RAI compared to those not treated with RAI. However, prior
RAI exposure does not appear to explain the increased risk
SPM of the breast, central nervous system, colon and rectum,
kidney, and stomach, in thyroid cancer survivors compared to
the general population (17). Furthermore, we did not observe
a significantly increased risk of bladder or digestive system
cancers in RAI-treated thyroid cancer survivors compared to
those not treated with RAI. The most important limitations of
our pooled analysis is the limited follow-up period of primary
studies (as SPMs may occur decades after primary cancer
treatments), and relatively large losses to follow-up in the
European cohorts (approximately 20%) (19). Moreover, we
were unable to examine the relationship between cumulative
RAI dose activity and the risk of SPMs in a formal meta-
regression analysis, since RAI dose activities were not re-
ported in the SEER study (18). In the European study, Rubino
et al. (19) reported that increasing cumulative activity of RAI
administered was positively linearly associated with an in-
creased risk of both solid tumors and leukemias.

It is important to highlight that the excess absolute risk of
SPMs attributable to RAI treatment in thyroid cancer is likely
to be small. For example, overall in the SEER study by Brown
et al. (18) approximately 7% of thyroid cancer survivors de-
veloped a second cancer after a median follow-up period of
8.6 years. Also, in the European study by Rubino et al. (19),
approximately 8% of thyroid cancer survivors were diag-
nosedwith a second cancer after amean follow-up of 13 years.
Thus, assuming an approximate 5- to 10-year absolute risk of
around 7–8% for SPMs after a diagnosis of thyroid cancer and
assuming a pooled RR of SPMs of 1.19with RAI treatment, we
estimate that the absolute risk of any SPM should be about 1%
higher in individuals treated with RAI compared to those not
treated with RAI. Furthermore, in the SEER study by Brown
et al. (18), 0.23% (68=30,278) of thyroid cancer survivors de-
veloped leukemia after a median follow-up period of 8.6
years. Also, in the European study by Rubino et al. (19), 0.26%
(18=6841) of thyroid cancer survivors were diagnosed with
leukemia after a mean follow-up of 13 years. Thus, assuming
an approximate 5- to 10-year absolute risk of around 0.23–
0.26% for leukemia after a diagnosis of thyroid cancer and
assuming a pooled RR of leukemia of 2.50with RAI treatment,
we estimate that the absolute risk of leukemia should be about
0.4% higher in individuals treated with RAI compared to
those not treated with RAI. An important limitation of these
calculations is the limited follow-up period of the studies
available for pooled analysis, and the fact that young thyroid
cancer survivors may survive for decades after the diagnosis.
This issue may be particularly relevant if certain tumors (such
as solid tumors) have a longer latency period from time of
initial treatment to development of SPM relative to he-
matologic malignancies. Thus, the risk of tumors latency pe-
riod beyond about 5–10 years may be underestimated in our
calculations.

The topic of RAI treatment for thyroid cancer and SPMs has
been recently discussed in a narrative review by Ron (20). In
this narrative review (20), some of the studies cited were the
same as in our review (18,19) but multiple other papers (21–
26) were also tabulated (20). One of the main reasons why we
included fewer studies in this review compared to the paper
by Ron (20) was the restriction of inclusion of overlapping
study populations from our study. Specifically, three of the

FIG. 2. Fixed effects meta-analysis of the relative risk of
any second primary malignancy in thyroid cancer survivors
treated with radioactive iodine compared to those not trea-
ted with radioactive iodine. CI, confidence interval; SEER,
Surveillance, Epidemiology, and End Results program of the
National Cancer Institute.
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studies cited in the recent narrative review by Ron were prior
analyses from the SEER database (23–26) and were excluded
from our meta-analysis as they overlapped with Brown et al.
(18), which provided the most directly relevant information
for our study question and the most recently updated data.
Also, in the narrative review by Ron (20), a paper by Berthe
et al. (21) on a French study population was cited, but this was
excluded from our review as the region of study overlapped
that of the larger, multi-center European study by Rubino et al.
(19). A paper by Verkooijen et al. (22) from the Netherlands,
was cited in the narrative review by Ron (20) but was ex-
cluded from our systematic review on methodologic grounds
because it lacked of a control group of thyroid cancer patients
not treated with RAI. The presence of strict inclusion criteria
addressing a specific question and the avoidance of duplicate
data are important features of systematic reviews.

There are multiple reports on the associations of oncologic
medical and radiation therapies with increasing risk of sub-
sequent SPMs (27–32). It is known that both chemotherapy
and radiotherapy can induce leukemia, although the risks
after administration of cytotoxic drugs are considered to be
greater (27). It has been observed that following treatment
with alkylating agent chemotherapy, the incidence of leuke-
mia begins to increase at around 1 to 2 years and peaks at 5 to
10 years post-treatment; thereafter, it decreases (27). Platinum
compounds and topoisomerase II inhibitors have also been
reported to be associated with an increased risk of subsequent
leukemia (27). The risk of leukemia following radiation
treatment is thought to be about two orders smaller than that
following chemotherapy (27). The incidence of leukemia fol-
lowing radiation peaks at approximately 5 to 9 years after
exposure and subsequently declines (27). The incidence of
secondary solid tumors after radiation treatment peaks much
later than leukemias, with latency periods of 10 or more years
after initial treatment (27). The risk of SPMs following radio-
isotope treatment has not been as clearly defined, hence the
importance of reports cited in this review (18,19). It is inter-
esting to note that the reported RR of any SPM in breast cancer
survivors treated with radiation (RR 1.2, 95% CI 1.1–1.3) (32),
is very similar to that observed in our pooled analysis for
thyroid cancer survivors (RR 1.19, 95% CI 1.04, 1.36). Fur-
thermore, the RR of leukemia in breast cancer survivors
treated with radiation (RR 1.8, 95% CI 1.2–2.8) (32) is also not
dissimilar to that observed in our pooled analysis for thyroid
cancer survivors (2.50, 95% CI 1.13, 5.53). These findings
suggest that SPM risk attributable to radioisotope treatment
may be more similar to that of other forms of radiation ther-
apy than to that of chemotherapeutic agents.

The strengths of this study include the use of rigorous
systematic review methods and meta-analytic techniques to
retrieve and pool relevant data from a relatively large number
of individual patients (n¼ 16,502 in pooled analyses). Fur-
thermore, our findings were robust using fixed and random
effects models for pooling of data. Some limitations of this
study include the following: the small number of studies in-
cluded, the lack of a pooled quantitative examination of the
relationship between dose activity of RAI and SPM risk (due
to a lack of information on dose activities in the study by
Brown et al. [18]), relatively short follow-up periods in the
included studies, an English language restriction for inclu-
sion, exclusion of unpublished data, the inherent methodo-
logic limitations of the included studies (such as losses to

follow-up, lack of data on thyroid cancer disease stage, se-
lective reporting of outcomes, a lack of information on other
important factors [such as family history, lifestyle practices, or
any antecedent radiation exposure]), and statistical hetero-
geneity of pooled analyses. The statistical heterogeneity may
be due to unstudied factors such as variability in administered
dose activities, dose activities adsorbed, lifestyle factors, and
individual genetic susceptibility to second cancers.

In conclusion, thyroid cancer survivors treated with RAI
are at increased risk of developing SPMs relative to those not
treatedwith RAI, albeit the absolute excess risk is estimated to
be relatively small over the 5 to 10 years following diagnosis.
Further research is needed to validate these findings with
longer follow-up and in additional populations. It is also
important to better define the relationships between dose
activity administered, thyroid cancer disease stage, family
history, and lifestyle factors with SPM risk in thyroid cancer
survivors. Future research examining genetic susceptibility
for SPM risk after RAI treatment is also needed.
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