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Abstract

Background: Radioactive iodine (RAI) is widely used for the treatment of thyroid cancers. However, information on
associations between RAI dose and second primary malignancy (SPM) is lacking.

Methods: Patients without antecedent cancer age 20 years or older and newly diagnosed with thyroid cancer were recruited
from the Taiwan National Health Insurance database between 1997 and 2010. Standardized incidence ratios (SIRs) for the
cancers were calculated to compare the incidence of thyroid cancer with the general population. The association between
RAI dosage and cancer development was estimated using time-dependent Cox regression analysis. All statistical tests were
two-sided.

Results: A total of 692 cases of SPM were identified among 20 235 patients with thyroid cancer. Regarding the latter, 79.7%
of the patients were women, the median age was 46 years, and the follow-up period included 134 178 person-years. The
SIR for any SPM was 1.41 (95% confidence interval [CI] = 1.31 to 1.52). A statistically significantly higher SIR was observed in
leukemia (2.74), non-Hodgkin’s lymphoma (2.38), prostate (2.30), lung and mediastinum (1.93), pancreas (1.83), kidney (1.81),
breast (1.48), and colon-rectum (1.31) cancers. Cumulative RAI dose (per 30 mCi increase) conferred a strong risk for SPM
(adjusted hazard ratio [aHR] = 1.01, 95% CI = 1.01 to 1.02, P < .001) and leukemia (aHR = 1.03, 95% CI = 1.02 to 1.04, P < .001)
occurrences. A cumulative RAI dose greater than 150 mCi possessed a statistically significant risk for all cancer combined
(aHR = 1.30) and leukemia (aHR = 6.03).

Conclusions: An increased risk of SPM was observed for thyroid cancer patients, especially with cumulative RAI doses over
150 mCi.

Thyroid cancer is the most prevalent endocrine malignancy
diagnosed, and the incidence of this disease has been increas-
ing over the past three decades worldwide (1-3). The average
annual increase in the rate of incidence for thyroid cancer has
been 6.6% per year since 1998 (4). With appropriate treatment,

patients with thyroid cancer have a favorable prognosis, with
the 10-year survival rate estimated to be greater than 90% (5-7).
However, favorable survival, coupled with the young age of most
thyroid cancer patients, leads to an increased risk for subse-
quent cancer.
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Increased risk of SPM in thyroid cancer patients has been
reported in several cancer registry and epidemiologic studies (8-
13). It is hypothesized that increased SPM risk may be related to
a genetic predisposition to malignancy or disease-specific treat-
ments. Regarding the latter, radioactive iodine (RAI) is a com-
monly used treatment. Iodine-131 is a unique RAI that targets
thyroid tissue and is widely used to eliminate occult residual
tumors in order to reduce the risk of recurrence. RAI is also
used to treat persistent disease and to ablate any normal thy-
roid remnant, thereby facilitating further surveillance by serum
thyroglobulin or radioiodine whole-body scintigraphy (14).
A meta-analysis (15) of two studies (16,17) found that the only
statistically significant SPM that could be attributed to the use
of RAI was leukemia while other studies revealed an increased
risk of hematologic malignancies (16-18), as well as cancer of
the salivary gland (17,18), colorectum (17,19), and soft tissue sar-
coma (17).

There are various guidelines regarding indications and
dosage for RAI therapy that have been used. However, there is
clinical variation in choosing the dose of RAI For example, the
empiric fixed high dosing strategy, with dosage usually at 100
to 200 mCi, was often used in some institutions (20,21). On the
other hand, the administration of a low fixed dose or dosimetric
method strategy to patients with low to intermediate risk could
prevent dose-dependent side effects such as sialadenitis and
oral complications such as xerostomia and stomatitis, as well
as caries formation (20,22). It is hypothesized that an analysis
of dosage in relation to RAl-related adverse events, especially
cancer risk, would facilitate the standardization of RAI doses.
Therefore, the goal of this study was to investigate the risk of
SPM among thyroid cancer patients, as well as the association
between RAI dosage and cancer development, using a nation-
wide population-based dataset.

Methods

Data Sources

Data was obtained from the National Health Insurance (NHI)
database that is managed by the National Health Research
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Institute in Taiwan. The NHI program began in 1995 and is a
mandatory universal health insurance policy that offers com-
prehensive medical care coverage for up to 99% of all Taiwanese
residents (23). This care includes outpatient, inpatient, emer-
gency, dental, and traditional Chinese medicine services.
Numerous NHI research databases (NHIRDs), including enroll-
ment files, claims data, and the registry for drug prescriptions,
were integrated with the NHI database of catastrophic ill-
ness, thereby providing comprehensive utilization and enroll-
ment information for all patients with severe disease who
have received copayment exemption under the NHI program.
However, all information that could potentially identify an indi-
vidual patient is encrypted. Because the NHI dataset consists of
de-identified secondary data for research purposes, this study
was exempt from full review by the institutional review board.

Study Population and Postdiagnosis Follow-up

Data for patients newly diagnosed with thyroid cancer
between January 1, 1997, and December 31, 2010, were
retrieved from the Registry of Catastrophic Illness according
to the International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) code 193. Patients diagnosed
with thyroid cancer prior to January 1, 1997, were not enrolled
to assure that the thyroid cancer was newly diagnosed and the
antecedent malignancies could be traced accurately. Patients
were also excluded if they were: 1) younger than age 20 years
at the time of diagnosis—the criterion suggested by the insti-
tutional review board and with consideration of different
prevalent cancer types and cancer risk in the population; or
2) had a history of malignancies; or 3) within one year of a
thyroid cancer diagnosis, had died, were lost to follow-up, or
developed cancer.

After a diagnosis of thyroid cancer, the postdiagnosis follow-
up in general clinical practice in Taiwan was basically in accord-
ance with NCCN or ESMO guidelines (24,25), which included
a blood test (TSH =+ free T3 and/or T4, Tg + Tg antibodies) plus
neck ultrasound every three months (for at least five years).
Radioiodine imaging would be dependent on clinical doubtful
symptoms/signs.

Patients with a diagnosis of
thyroid cancer, 1997-2011
(n = 25004)

Diagnosed with thyroid cancer

A

before age 20 years

n =545
A\ : : /

Dead or lost of follow-up
within 1 year of thyroid cancer <

With antecedent malignancies

diagnosis
\ (n = 3095) J

v

(n =903)
N

Developed cancer within 1 year

v

of thyroid cancer diagnosis
(n=226)

¥

Patients enrolled for analysis
(n=20235)

Figure 1. CONSORT flow diagram showing patient selection criteria and the number of patients associated with each criterion.
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Diagnosis of Cancer and Records for Comorbidities,
Radioactive Iodine Therapy, and Radiotherapy

A diagnosis of cancer, either thyroid cancer or any of the
subsequent malignancies, was made according to the cer-
tification of “catastrophic illness” (ie ICD-9-CM 140-208).
Accordingly, histological confirmation of malignancy with
or without associated laboratory and imaging studies was
provided for peer review. The so-called “catastrophic illness”
system exempts copayment under the NHI program. All
patients with the certification of catastrophic illness could
get appropriate outpatient follow-up with $NT 100 dollars
(approximately $US 3.2 dollars) each time to seek medical
advice and clinical workup.

Comorbidity data were also retrieved according to ICD-
9-CM, and these involved diabetes mellitus, chronic obstruc-
tive pulmonary disease, chronic kidney disease, liver cirrhosis,
autoimmune diseases, and dyslipidemia. For each patient, the
severities of their comorbidities were individually scored, then
the Charlson comorbidity index (CCI), and the sum of these
scores at the time of the thyroid cancer diagnosis were recorded
(26). The CCI is a scoring system that was originally developed
as a prognostic indicator for patients with a variety of medical
conditions; it was commonly used to measure each patient’s
comorbid conditions.

The date and dose (in mCi units) of RAI applied at each treat-
ment and follow-up were retrieved from the registry of drug pre-
scriptions. The date of external beam radiotherapy (EBRT), if any,
was also retrieved. However, information regarding radiation
dose and sites of irradiation were not available from the NHIRD.

Statistical Analyses

The main dependent variable was development of SPM. The
risk of SPM among the study cohort was determined using a
standardized incidence ratio (SIR) (27). This ratio was calcu-
lated by dividing the observed number of cancer occurrences
by the expected number of cancer occurrences. The latter
was calculated by multiplying the national incidence rate
of cancers according to sex, calendar year, and patient age
in five-year intervals by the corresponding stratum-specific
person-time accrued for the cohort. The overall incidence rate
and the incidence rate for each specified cancer among the
general population were obtained from the Taiwan National
Cancer Registry. The 95% confidence intervals (CIs) for the SIRs
were estimated based on the assumption that the observed
number of cancers followed a Poisson probability distribution.
SIRs were also determined according to sex and age group (ie,
20-39, 40-59, 60-79, and >80 years). Another subgroup analysis

included a stratification by duration because a diagnosis was
obtained in order to avoid surveillance bias and to evaluate
a possible latent effect. SIRs for each cancer type were also
estimated.

Univariate and multivariable Cox proportional hazard
models were applied to identify predictors of SPM develop-
ment among the patients with thyroid cancer with age as the
time scale (28). The calculated hazard ratios were adjusted
for patient age, sex, and CCI. By analyzing the association
between RAI and cancer risk, the cumulative dosage of RAI
was analyzed within a two-year latent period (29) and also
as a time-dependent covariate to avoid immortal time bias
(30,31). In addition, to explore potential dose-effect relation-
ships, Cox regression analyses were performed to estimate
the risk of cancer at cumulative RAI dose levels according
to the following quartiles: 1-30 mCi, 30-100 mCi, 100-150
mCi, and greater than 150 mCi (with 30, 100, and 150 repre-
senting the first, second, and third quartiles, respectively).
A comparison between the risk for patients with low vs high
cumulative doses of RAI was also performed using 30 mCi
increments. Extraction and computation of data were per-
formed using the Perl programming language (version 5.12.2).
Microsoft SQL Server 2012 (Microsoft Corp., Redmond, WA)
was used for data linkage, processing, and sampling. All sta-
tistical analyses were performed using SAS software version
9.2 (SAS Institute Inc., Cary, NC). Statistical significance was
defined as a P value of less than .05, and all statistical tests
were two-sided.

Table 1. Characteristics of patients with thyroid cancer in Taiwan,
1997-2010 (follow-up more than 1y)*

Characteristics Total Men Women

No. of patients 20 235 4116 16 119

Person-years at 134178 25 489 108 689
risk

Median follow-up 5.91 (3.10-9.92) 5.33 (2.83-9.23) 6.10 (3.16-10.11)
(IQR), y

Median age 46 (36-56) 48 (37-58) 45 (36-55)
(IQR), y

Age at diagnosis, y
20-39 6782 1231 5551
40-59 9826 1955 7871
60-79 3359 852 2507
>80 268 78 190

*IQR = interquartile range.

Table 2. The profile of radioactive iodine therapy for patients with thyroid cancer in Taiwan, 1997-2010 (follow-up more than 1 y)*

Therapy characteristics Total Men Women

No. of patients receiving RAI therapy with any dose, n 11799 2433 9366
No. of RAI treatment, median (IQR) 1(1-2) 1(1-2) 1(1-2)
Each RAI dose in mCi, median (IQR) 75 (30-100) 90 (30-120) 70 (30-100)
Accumulated RAI dose in mCi, median (IQR) 100 (30-150) 100 (50-200) 100 (30-150)
Also received external beam radiotherapy, n (%) 260 (2.2) 98 (4.0) 162 (1.7)
Also received chemotherapy, n (%) 222 (1.9) 41 (1.7) 181 (1.9)

No. of patients receiving RAI therapy with dose >100 mCi, n 4782 1193 3589
Also received external beam radiotherapy, n (%) 194 (4.1) 84 (7.0) 110 (3.1)
Also received chemotherapy, n (%) 96 (2.0) 25 (2.1) 71(1.9)

*IQR = interquartile range; RAI = radioactive iodine.
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colon-rectum (SIR = 1.31, 95% CI = 1.06 to 1.61) cancers. The 95%
confidence interval values for each significant SIR according to
specific cancer type in total, male, and female populations are
presented in Table 4. The SIRs for specific cancer types among
the preponderance of subjects, those age 40 to 59 years, who
constituted 48.6% (n = 9826) of the entire population, were also
calculated (Supplementary Table 1, available online); the results
showed that this preponderant patient population remained
representative.

Predictors of Risk for All Cancer Combined and
Leukemia

As shown in Table 5, multivariable analysis identified cumulative
RAI dose (per 30 mCi increase) (aHR = 1.01, 95% CI = 1.01 to 1.02,
P <.001) and EBRT (aHR = 1.80, 95% CI = 1.20 to 2.70, P = .005) as
predictive factors for all cancer combined. Cumulative RAI dose
(per 30 mCi increase) served as a strong predictive factor for leu-
kemia (aHR = 1.03, 95% CI = 1.02 to 1.04, P < .001). The results
remained true when the potential confounding effects of EBRT
and/or chemotherapy were eliminated (Supplementary Table 2,
available online). In addition, the predictive role of cumulative
RAI dose (per 30 mCi increase) for leukemia retained statistical
significance in patients receiving a single RAI dose greater than
100 rather than 100 mCi or less (Supplementary Table 3, A and B,
available online).

Table 4. Standardized incidence ratios for specific cancer types*

The Effect of Cumulative RAI

As shown in Table 6, cumulative RAI was found to serve as a risk
factor for leukemia (aHR per 30 mCi increase, 1.03, 95% CI = 1.02
to 1.04, P < .001) and lung-mediastinum cancers (aHR for per 30
mCi increase = 1.02, 95% CI = 1.00 to 1.04, P = .045). Cumulative
RAI was also a protective factor for non-Hodgkin’s lymphoma
(aHR for per 100 mCi increase = 0.77, 95% CI = 0.62 to 0.96,
P = .012). When the cumulative doses of RAI were categorized
into quartiles, it was observed that the highest quartile (>150
mCi) was associated with a statistically significant effect for all
cancer combined (aHR = 1.30, 95% CI = 1.03 to 1.65, P = .036) and
for leukemia (aHR = 6.03, 95% CI = 1.89 to 19.25, P = .002). When
we excluded patients receiving EBRT and/or chemotherapy, the
aHR of cumulative RAI (per 30 mCi increase) for leukemia (1.03)
and lung-mediastinum cancers (1.03) stayed statistically signifi-
cant, as well as the aHR of highest RAI quartile (>150 mCi) for
all cancers combined (1.52) and leukemia (5.33) (Supplementary
Table 4, available online).

Discussion

To our knowledge, this is the first population-based study to
evaluate the risk for SPM among patients with thyroid cancer
and also the dose-response relationship between RAI and leu-
kemia in an Asian population. The main findings include: 1) a
statistically significant increase in SPM risk was associated with

Total

Men Women

Site of cancers Observed Expected  SIR (95% CI)

Observed Expected

SIR (95% CI) Observed Expected SIR (95% CI)

All cancer 692 491.53  1.41 (1.31to 1.52) 165
combined
Head and neck 38 32.57 1.17 (0.83 to 1.60) 14
Digestive system 188 165.06  1.14 (0.98 to 1.31) 61
Esophagus 7 6.26  1.12(0.45 to 2.31) 5
Stomach 21 20.86  1.01(0.62 to 1.54) 4
Colon and rectum 93 70.80  1.31(1.06 to 1.61) 18
Liver and biliary 52 58.95 0.88(0.66 to 1.16) 29
tract
Pancreas 15 8.20 1.83(1.02to 3.02) 5
Lung and 102 52.77  1.93 (1.58 to 2.35) 27
mediastinum
Bone and soft tissue 4 4.06 0.98(0.27 to 2.52) 2
Skin 12 8.80  1.36 (0.70 to 2.38) 3
Breast 158 107.06  1.48 (1.25 to 1.72) 0
Genitourinary 122 90.34  1.35(1.12 to 1.61) 40
system
Cervix 21 25.53  0.82(0.51 to 1.26) N/A
Uterus 17 16.12  1.05 (0.61 to 1.69) N/A
Ovary 20 12.78 1.56 (0.96t02.42) N/A
Prostate 25 10.85  2.30 (1.49 to 3.40) 25
Bladder 16 1236 1.29 (0.74 to 2.10) 8
Kidney 23 12.70  1.81(1.15t02.72) 7
Hematologic 50 21.06  2.37 (1.76 to 3.13) 16
system
Non-Hodgkin’s 26 10.94  2.38 (1.55 to 3.48) 7
lymphoma
Hodgkin’s Disease 0 0.47  0.00 (0.00 to 7.80) 0
Multiple myeloma 5 2.70  1.85(0.60 to 4.32) 1
Leukemia 19 6.94  2.74 (1.65 to 4.28) 8
All others 18 9.79  1.84(1.09 to 2.91) 2

12618  1.31(1.12t0152) 527 365.35 1.44 (1.32to 1.57)
2054 0.68(0.37 to 1.14) 24 12.04 1.9 (1.28 to 2.97)
5731  1.06(081t01.37) 127 107.75  1.18 (0.98 to 1.40)

496  1.01(0.33 to 2.35) 2 1.30 1.54(0.19 to 5.57)
6.88  0.58(0.16 to 1.49) 17 13.98 1.22 (0.71 to 1.95)
1950  0.92 (0.55 to 1.46) 75 5130 1.46 (1.15 to 1.83)
2364  1.23(0.82 to 1.76) 23 3531 0.65 (0.41 to 0.98)
232 2.15(0.70 to 5.02) 10 5.87 1.70 (0.82 to 3.13)
17.68  1.53 (1.01to 2.22) 75 3509 2.14 (1.68 to 2.68)
109 1.83(0.22to 6.61) 2 2,97 0.67 (0.08 to 2.43)
223 1.35(0.28 to0 3.93) 9 6.58 1.37 (0.63 to 2.60)
0.3 0.00 (0.00 to 27.76) 158 106.93 1.48 (1.26 to 1.73)
19.22  2.08 (1.49 t0 2.83) 82 7112 1.15(0.92 to 1.43)
N/A N/A 21 2553 0.82(0.51 to 1.26)
N/A N/A 17 16.12  1.05 (0.61 to 1.69)
N/A N/A 20 12.78  1.56 (0.96 to 2.42)
10.85  2.30(149t03.40) N/A N/A N/A
518 1.54(0.67 to 3.04) 8 7.18 1.11(0.48 to 2.19)
319 219 (0.88 t0 4.52) 16 9.51 1.68 (0.96 to 2.73)
568  2.81(1.61t04.57) 34 15.37  2.21 (1.53 to 3.09)
284  2.47 (0.9 to 5.08) 19 810 2.34 (1.41 to 3.66)
0.14 0.0 (0.00 to 26.47) 0 0.33 0.00 (0.00 to 11.06)
076  1.31(0.03 to 7.31) 4 1.94 2.06 (0.56 to 5.28)
194 412 (1.78t0 8.11) 11 5.00 2.20 (1.10 to 3.94)
230  0.87 (0.11 to 3.15) 16 749 2.13(1.22 to 3.47)

* CI = confidence interval; N/A = not applicable; SIR = standardized incidence ratio.
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2) the increased risk of leukemia was found to be associated LEJ P N
with the cumulative dosage of RAI; and 3) cumulative RAI was 2 g é 5 E % 5 g E E
the only statistically significant factor for leukemia, and a clear N |odssos oo
dose-response relationship was identified. RS38HLE8 2
In Taiwan, radioactive compounds are highly regulated by AR
the Atomic Energy Council, Executive Yuan. Therefore, RAI for
medical purposes is synthesized with 1 mCi as the minimal +
calculated unit and each 1 mCi used per individual is recorded = o~
. : . . U .. | 348388883
in detail. An advantage of the NHIRD database is that precise R | O3S RISIRS
doses (per 1 mCi as the minimal unit) and dates of RAI treat- a g 99282222828
ments could be tracked, thereby facilitating its effect as a time- T2 R8B3IRIEA
dependent covariate. Additional advantages of the present 218 % % % % % % % % %
s.tudy include the enrollmgnt of more recently tre.ated pa}tients é - SSSR2S838T
(ie, 1997-2010) and the availability of comprehensive coding for 5 g
each patient to include all comorbidities. Eo =
The impact of RAI on the subsequent development of leu- 5 S
2
. . : 5 Py
ker.rua has prev1ousl¥ beeljl rep.orted in case reports, small case S| |12832588H2 o3
series, and some epidemiologic studies (15,16,18). However, a s lé PR AN =
dose-response relationship between cumulative RAI dose and 5 ) LS LssEn s S
leukemia is a novel finding of the present study. The results of 2| g ssdddsoss 3
the present study are also consistent with those of a European 3 1R | ccmoaoumo S
; . = Qo FONN®Y 2
cohort study conducted by Rubino et al. (17), where an increased < S <o doooa - >
risk of leukemia was observed with an increasing cumulative 8
RAI dose. In that study, an excess absolute risk of 0.8 for leuke- &
mia per GBq (27 mCi) of RAI was found per 100 000 person-years P g
of follow-up (17). In contrast, a dose-response effect of RAI was dhaRARA3A e
. . (2] ot ot N N N0 o
not observed for leukemia in a study conducted by Hall et al. g &EJ 2998880882908 P
using a Swedish cohort (32). This result may be explained by the 4? ) LR3I INAR g
fact that most of the patients enrolled had benign diseases and § Jdleeeeeeeee =3
received a lower dose of RAI (77% for diagnostic procedure with 5 'c\\ % g‘ 8& & g, 3 §t°1 8 f\,'
a mean activity 1.9 MBq [0.05 mCi] and 21% for treating hyper- & %
thyroidism with a mean activity 505 MBq [13.6 mCi]). Taken o o}
together, these data suggest that for patients with benign dis- E‘ g S
ease, the leukemogenic effect of RAI may be minimal or non- g + g N
existent at low doses of RAI Data from the present report not 2 g ) <§~ S58Q 5%:3 g '§ & &
only showed a positive association of increased leukemia risk -g R|dodddaddodd | g
along with RAI dosage (per 30 mCi increase in cumulative dose) g E/ g888g82822 | §
with an adjusted hazard ratio of 1.03 (95% CI = 1.02 to 1.04) but e o I R R B N I B I §
. - . 9] o | feeeeeel | 4
also further emphasized a strongly statistically increased leu- S glogagggngys | 8
kemia risk for cumulative RAI dosage greater than 150 mCi 5] 3 P e S S S s S E
(aHR = 6.03, 95% CI = 1.89 to 19.25). The wide range of 95% confi- = 2 g
dence intervals for the hazard ratios of leukemia at higher dose S 2
levels implies small event numbers. In general, RAlis commonly 3 %
P . P . [*}
administered at a dose of 30 to 100 mCi, and this is considered a ° =
. . [ *
dose that does not increase the risk of SPM. g = = .’ _ X E =
e @) NY NOn S OoonW L >
3 2 |ececocoacao | F 3
'q-') o o A A O o =3
= 1888888888 ¢ N
s : . -
Table 5. Analysis of risk factors for all cancer combined and leuke- 9 % 8883888 | T N
mia occurrences 2 gloceeceeecc | § =
5| E|s38ssshss |
All cancer combined Leukemia v Ul ld oo addo-- | 5
Variables Adjusted HR (95% CI) Adjusted HR (95% CI) Ex ¥ 73 %
2 o O
. =1 £ T T
Cumulative RAI dose*  1.01 (1.01 to 1.02)t 1.03 (1.02 to 1.04)t O g = =
Sex (male) 1.16 (0.98 to 1.34) 2.90 (1.09 to 7.74)F ° S Eg g 5
g £.9
External beam radio-  1.80 (1.20 to 2.70)§ 2.53 (0.33 to 19.61) 2 o & o E e &
therapy e = 5 £ g 8 £ H
e 2 ) g ) Kl »
g E 2 g £ B|E¥s £
* Per 30 mCi increase. CI = confidence interval; HR = hazard ratio; RAI = radioac- © o s 2 ke 8 R o
tive iodine. T n 385 09 ¥ 3 S5 8 ‘»
s L 2Eest 88| E2554 %
1 P <.001. o =) Fog 8oL Qo QEE3gacg
—= = U 4 O 0% L & M 259 -9
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Weinberg et al. hypothesized that any RAI dose causes sub-
lethal damage to the bone marrow, and this can lead to chro-
mosomal aberrations and, eventually, malignant transformation
(33). Support for this hypothesis was subsequently obtained
(34,35). Although individual susceptibility is probably a contrib-
uting factor, the results of the present study suggest that a dose-
response effect also exists between RAI and the subsequent
onset of leukemia. This is an important consideration when
evaluating the potential benefit vs harm of an RAI treatment
plan for thyroid cancer patients.

Typically, a latency is observed between the development
and diagnosis of cancer. For example, the leukemogenic effect
of radiation has been reported to be approximately two years or
more (29). The tumorigenic effect in solid organs is even longer
(36). Patients with newly diagnosed thyroid cancer may undergo
a series of physical examinations, and this increases the poten-
tial for finding other physical problems, including another
cancer. Therefore, it was hypothesized that a diagnosis of SPM
within one year of a thyroid cancer diagnosis may be because
of surveillance bias (37). Correspondingly, the SIR for the first
year of follow-up was 2.78 (95% CI = 2.43 to 3.16), and it was
4.20 for the first six months of follow-up (95% CI = 3.60 to 4.87).
Thus, these results indicate that surveillance bias did exist, and
therefore, Tables 3 and 4 only present the SIRs after one year of
follow-up.

There are several limitations associated with the present
study. First, a number of potential confounders, including occu-
pational and environmental radiation exposure (other than RAI
or radiotherapy), tobacco use, alcohol use, obesity, and a fam-
ily history of malignancy, were not included in the information
provided by the NHIRD. Therefore, we could not adjust for these
factors. Second, the pathological type (such as medullary or
anaplastic subtypes) and stage of each thyroid cancer were not
available in the NHI dataset, thereby preventing a subanalysis of
different types and disease extent of thyroid cancer. However,
we have applied several analytic techniques in the study design
and data analysis (use of standardized incidence ratio, restrict
population not receiving radiotherapy and chemotherapy, and
risk adjustment for specified variables) to avoid bias; lack of
some clinical information may not overturn the main conclu-
sion of the relationship between increased leukemia and all
cancer risk along with RAI dosage. Third, the effects of radiation
may last for more than forty years according to studies of atomic
bomb survivors (38). Although the maximal follow-up period for
the present study was approximately 10 years, it might still be
too short to fully evaluate the effect of radiation carcinogenesis.

In conclusion, this nationwide population-based study dem-
onstrated that thyroid cancer survivors are at risk for developing
a SPM. Our data also showed a positive association of increased
leukemia risk along with RAI dosage, as well as a statistically
significantly increased risk of all cancer combined and leukemia
at a cumulative RAI dosage of greater than 150 mCi. Overall, it
is recommended that fewer patients receive high doses of RAI
for the treatment of thyroid cancer; a low fixed dose or dosi-
metric method would be more favorable strategies. For those
whose disease burden necessitates a higher RAI dose, we sug-
gest a more thorough survey to investigate clinically suspicious
symptoms of SPM.
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