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Increased risk of second primary malignancy (SPM) in papillary thyroid cancer (PTC) has been reported. Here, we present the most
updated incidence rates of second primary malignancy from original diagnosis of PTC by using the data from the Surveillance,
Epidemiology, and End Results. In this cohort, 3,200 patients developed SPM, a substantially higher number than in the reference
population of 2,749 with observed to expected ratio (O/E) of 1.16 (95% CI; 1.12-1.21). Bone and joint cancer had the highest O/E
ratio of 4.26 (95% confidence interval [CI] 2.33-7.15) followed by salivary gland (O/E 4.15; 95% CI 2.76-6.0) and acute lymphocytic
leukemia (O/E 3.98; 95% CI 2.12-6.8). Mean age at the diagnosis of SPM was 64.4 years old. Interestingly, incidence of colorectal
cancer was lower in thyroid cancer survivors compared to general population (large intestine O/E 0.3; 95% CI 0.06-0.88, rectum
O/E 0.6; 95% CI 0.41-0.85); however, this was not observed in patients who underwent radiation therapy. The incidence of SPM
at all sites was higher during 2000-2012 compared to 1992-1999 (O/E 1.24 versus 1.10). Surprisingly, patients with micropapillary
cancer had higher incidence of SPM than counterparts with a larger tumor in radiation group (O/E of 1.40 versus 1.15). O/E of all
cancers were higher in males compared to females with O/E of 1.41 versus 1.17 during the period of 2000-2012. Diagnosis of PTC
before age 50, especially at age 30-34, was associated with higher incidence of overall SPM (age 30-34; O/E 1.43; 95% CI; 1.19-1.71).
Efficient monitoring strategies that include age at the time of thyroid cancer diagnosis, exposure to radiation, gender, and genetic
susceptibility may successfully detect SPM earlier in the disease course. This is especially important given the excellent prognosis
of the initial thyroid cancer itself.

1. Introduction

Papillary thyroid cancer (PTC) is rapidly increasing both in
the United States and abroad [1, 2]. Since 1975, the incidence
of PTC has nearly tripled, from 4.9 to 14.3 per 100,000 indi-
viduals (absolute increase, 9.4 per 100,000; relative rate [RR],
2.9; 95% CI, 2.7-3.1) based on data from the Surveillance,
Epidemiology, and End Results (SEER) dataset [1]. Given the
dramatic increases in disease prevalence and a high five-year
survival rate of more than 95% [3], monitoring of long-term

treatment outcomes and side effects after initial treatment is
important.

Increased risk of second primary malignancy (SPM) in
PTC has been reported in several cancer registry and epi-
demiologic studies [3-10]. It is hypothesized that increased
risk of SPM may be related to a genetic predisposition or
treatment-related complication. Radioactive iodine therapy
(RAI), which has been a common adjuvant therapy for the
management of PTC, typically following surgery, has been
a target of debate due to side effects such as sialadenitis,
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FIGURE 1: Prevalence of Papillary Thyroid Cancer in SEER 13 cohort.
PTC: papillary thyroid cancer, FTC: follicular thyroid cancer, MTC:
medullary thyroid cancer, and ATC: anaplastic thyroid cancer.

taste loss, and, most critically, SPM. Numerous cancers are
thought to be induced from radiation exposure, based on
epidemiologic studies involving environmental, medical, and
occupational exposures [11-23]. Using a SEER 9 database
consisting of 52,103 patients, Kim et al. demonstrated that
salivary cancer, kidney cancer, breast cancer, prostate can-
cer, melanoma, non-Hodgkin lymphoma, leukemia, multiple
myeloma, brain cancer, and thyroid cancer were increased
in patients with history of PTC and RAI, compared to those
without a history of RAI [3].

Here, we present updated incidence rates of SPM after
PTC using SEER 13 data.

2. Materials and Methods

2.1. Study Population. The study population was assembled
using records from the SEER program of the National Cancer
Institute. A 98% case ascertainment is mandated from 14
population-based registries and three supplemental registries
representing approximately 26% of the US population [9]. In
particular, our cohort from the SEER 13 registries consists
of data from Atlanta, Connecticut, Detroit, Hawaii, Iowa,
New Mexico, San Francisco-Oakland, Seattle-Puget Sound,
Utah, Los Angeles, San Jose-Monterey, Rural Georgia, and
the Alaska Native Tumor Registry. Data are available for
people with cancer diagnosed from 1973 and later, with the
exception of Seattle-Puget Sound, Atlanta Los Angeles, San
Jose-Monterey, Rural Georgia, and the Alaska Native Tumor
Registry. The Seattle-Puget Sound and Atlanta registries
joined the SEER program in 1974 and 1975 and Los Angeles,
San Jose-Monterey, Rural Georgia, and the Alaska Native
Tumor Registry joined in 1992, respectively. The SEER reg-
istries contain information on patient demographics, tumor
site, histology, date and source of diagnosis, lymph node and
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distant metastasis status, extrathyroidal extension, multifo-
cality (recorded since 2004), date of death, and treatment. The
SEER program classifies patients as NO based on pathologic
analysis or on clinical and radiographic data if patients
do not undergo lymph node dissection. Each year, quality
and completeness studies are conducted in SEER areas to
ensure high quality data. The baseline cohort for this analysis
consisted of individuals diagnosed with a primary thyroid
cancer and identified by site code ICD-0-3:C739, reported
to SEER 13 database between 1992 and 2013 (n = 75,992).
Males and females of all ages and US Office of Management
and Budget race/ethnicity codes (OMB codes) were included
in this analysis. We limited tumor histology to PTC, which
consists of 88% of all thyroid cancers (Figure 1), by limiting
our histology code to M8050, M8340-8344, and M8450. In
addition, several stratified analyses were conducted by vari-
ous characteristics of the first thyroid cancer, which included
tumor size (0-10 mm, 11-20 mm, 21-50 mm, and >51 mm),
year of the diagnosis of the thyroid cancer, and the status
of radiation treatment (categorized by no radiation, isotopes
only, beam radiation, and radiation not otherwise specified).
Any SPM within the first 6 months after initial thyroid cancer
was excluded. SPMs were classified according to Standard
Warren and Gates criteria modified by the NCI (REF).

2.2. Statistical Analysis. The number of observed SPM was
determined from the SEER 13 database. Expected cancers
were calculated based on the 2000 US standard population
distribution. The risk of SPM was defined as the standardized
incidence ratio (SIR) adapted for cancer registry analysis
[24, 25]. The SIR is the ratio of observed to expected (O/E)
second cancers, in which the expected number is calculated
for a reference cohort of identical age, gender, race, and time.
Risks of SPM were stratified by gender and age at the time
of the initial thyroid cancer diagnosis, time since diagnosis,
and type of treatment (radioisotope therapy, beam radiation,
and no radiation). Confidence intervals (CI) and p values
were at 0.05 significance alpha levels and two-sided based
on Poisson exact methods. To avoid statistically unstable
estimates, SIRs and CI were not presented where the number
of observed cancers was less than five. The excess risk was
determined by subtracting the expected number from the
observed number of second cancers and then dividing the
difference by the number of person at risk. All analyses
were conducted with statistical program SEER*Stat version
8.3.5 provided by the National Cancer Institute utilizing the
multiple primary standardized incidence ratio (MP-SIR) tool.

3. Results

3.1. Elevated Risk of SPM in PTC Cases. In this cohort,
3,200 patients developed SPM (Table 1), a substantially higher
number than in the reference population of 2647 (Table 1).
Of these, 2161 were female (67.5%) and 1,039 (32.5%) were
male. Incidence of SPM increased over time in both females
and males; incidence was higher during 2000-2012 (O/E in
male 1.41, O/E in female 1.17) compared 1992-1999 (O/E
in male 1.16, O/E in female 1.08). Bone and joints cancer
had the highest O/E ratio of 4.26 (95% confidence interval
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TABLE 1: Prevalence of primary second malignancy in papillary thyroid cancer survivors, SEER 13 cohort.

Observed Expected O/E 95% CI Excess risk Mean age at event
Al sites 3,200 2,749.03 L16# L12-121 1315 64.45
All solid tumors 2,839 2,464.99 115# L11-1.19 10.91 64.38
Salivary Gland 28 6.74 4.15% 2.76-6.0 0.62 56.91
Large intestine 3 9.98 0.30# 0.06-0.88 -0.2 75.42
Rectum 32 52.95 0.60# 0.41-0.85 ~0.61 60.12
Rectum, rectosigmoid junction, 63 83.41 0.76% 0.58-0.97 ~0.6 62.89
anus, anal canal and anorectum
Bones and joints 14 3.29 426# 233-715 0.31 58.44
Soft tissue including heart 31 15.93 1.95# 1.32-2.76 0.44 60.84
Skin excluding basal and 182 129.47 1.41# 1.21-163 1.53 6153
Squamous
Melanoma of the skin 162 118.65 1.37# 1.16-1.59 1.26 61.02
Breast 727 621.47 L17# 1.09-1.26 3.08 61.06
Prostate 316 259.04 1.22# 1.09-136 1.66 67.38
Urinary bladder 129 99.46 1.30# 1.08-1.54 0.86 71.92
Kidney 152 70.32 2.16# 1.83-2.53 238 63.68
Ureter 8 2.94 2.72# 117-5.36 0.15 7416
ﬁ‘ilslgfgfhaﬁc and hematopoietic 294 224.83 1.31# 1.16-1.47 2.02 64.78
Lymphoma 147 122.31 1.20# 1.02-1.41 0.72 64.15
Hodgkin lymphoma 1 9.61 1.14 NS 0.04 38.58
Non-Hodgkin lymphoma 136 112.69 1.21# 1.01-1.43 0.68 66.22
Myeloma 44 35.26 1.25 NS 0.25 715
Leukemia 103 6726 1.53# 1.25-1.86 1.04 62.81
Lymphocytic leukemia 45 32.74 1.37# 1-1.84 0.36 63.81
Acute lymphocytic leukemia 13 3.27 3.98% 2.12-6.8 0.28 58.2
Chronic lymphocytic leukemia 32 27.42 117 NS 0.13 66.09
Nonlymphocytic leukemia 58 34.52 1.68# 128-2.17 0.68 62.04
Acute nonlymphocytic leukemia 40 2315 1.73# 123-2.35 0.49 63.89
(ANLL)
Myeloid and monocytic leukemia 55 3141 1.75% 132-2.28 0.69 61.09
Acute myeloid leukemia 38 20.59 1.85# 131-2.53 0.51 65.06

Cancers without statistically significant elevated risk are excluded, except for ones related to other statistically significant cancers; #: p value < 0.05; 95% CI:

95% confidence interval; NS: statistically not significant.

[CI] 2.33-715) followed by salivary gland (O/E 4.15; 5% CI
2.76-6.0), acute lymphocytic leukemia (O/E; 3.98, 95% CI
2.12-6.8), and ureter cancer (O/E 2.72 95% CI 1.17-5.36).
Mean age at the diagnosis of SPM was 64.4 years old.
Interestingly, thyroid cancer survivors had a decreased risk of
the development of colorectal cancer compared to reference
population (large intestine O/E 0.3; 95% CI 0.06-0.88, rectum
O/E 0.6; 95% CI 0.41-0.85).

3.2. Elevated SPM Risks in Patients Who Underwent Radiation
Therapy. Patients who had a radioisotope therapy had the
higher O/E of overall SPM (O/E 1.16; 95% CI 1.1-1.23)

(Table 2) compared to nonradiation group (O/E 1.09; 95%
CI, 1.03-1.14). Beam radiation group did not have significant
increase in overall SPM, possibly due to small observed
number of 82 cases. There were two cancers which showed
marked increase in radioisotope group compared to non-
radiation group; salivary gland cancer (O/E 7.8 versus 1.78)
and leukemia (O/E 2.20 versus 1.05) were with the highest
O/E observed in chronic myeloid leukemia (O/E 2.92; 95%
CI 1.34-12.93). Nonradiation group had a decrease in risk
of colorectal cancer but this was not replicated in radiation
group. Instead, beam radiation group had an increased risk
of colon cancer (O/E 2.0; 95% CI 1.07-3.63). Incidence of
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bone and joint cancer, kidney cancer, and prostate cancer
was elevated both in nonradiation and in radioisotope group
with higher O/E in radioisotope group. There were 26 patients
who received both radioisotope and radiation therapy and
subsequently developed SPM. There was no statistically
significant increase in SPM compared to reference population
for this group (data not shown).

3.3. Elevated SPM Risk in Patients with Micropapillary Cancer.
Patients with micropapillary cancer (MPTC), defined as
tumor diameter of less than 1cm at largest diameter, had
higher incidence of SPM than counterparts with a larger
tumor, particularly in patients who underwent radiation
therapy (Table 3). O/E of SPM at all sites in patients without
radiation was 1.21 in MPTC whereas O/E of PTC above 1cm
was 1.04. In the radiation group, MPTC had a higher O/E of
1.40 compared to 1.15 with original PTC above 1 cm. Elevated
O/E of SPM was observed in MPTC with melanoma (radia-
tion group 1.93, nonradiation group 1.69), prostate (radiation
group 1.87, nonradiation group 1.50), kidney (radiation group
3.05, nonradiation group 2.82), and lymphoma (radiation
group 1.82, nonradiation group 1.23). With tumor size >1 cm,
the incidence of lung cancer (0.68) was decreased in the
population who did not undergo radiation treatment, but
this was not replicated in patients who had a smaller tumor.
Although the trend showed increased incidence of cancer
in MPTC, the difference between groups did not reach a
statistical significance.

3.4. Trends of SPM. Incidence of SPM at all sites was higher
during 2000-2012 compared to 1992-1999 (O/E 1.24 versus
1.10) (Table 4). The incidence of the following SPMs increased
from calendar period 1992-1999 to 2000-2012 (Table 4): all
skin cancers (O/E 1.48 versus 1.22), melanoma (1.47 versus
1.24), prostate cancer (1.41 versus 1.35), kidney cancer (2.71
versus 1.73), brain cancer (1.57 versus 0.94), and leukemia
(L91versus 1.64). The difference between groups did not reach
a statistical significance.

3.5. SPM among Gender. Risk of SPM was increased in both
females and males (Table 4). During the period 2000-2012,
O/E of all cancers were higher in males compared to females
(1.41 versus 1.17); a similar trend was observed during the
calendar period 1992-1999 (1.16 versus 1.08) (Table 4). A
higher incidence of all solid tumors (1.34 versus 1.18), skin
cancers including melanoma (1.68 versus 1.38), endocrine
tumors (3.79 versus 1.23), non-Hodgkin lymphoma (1.65
versus 1.02), and leukemia (1.95 versus 1.88) was observed
in males compared to females during the calendar period
2000-2012; a similar trend was observed during the period
1992-1999. Only breast cancer was increased in females
compared to males (1.15 versus 0). Females had a decreased
risk of rectal cancer (0.54) and lung cancer (0.77), compared
to males, during the period 1992-1999, but this finding
was not observed in the period 2000-2012. The difference
between groups did not reach a statistical significance.

3.6. Age of PTC and Subsequent Risk of SPM. There was
an increased incidence of SPM among patients who were

diagnosed with PTC at the younger age (Tables 5(a) and
5(b)). O/E was the highest for patients whose PTC diagnosis
was made at age 30-34 (O/E 1.43; 95% CI 1.19-1.71) followed
by age 35-39 (O/E 1.30; 95% CI; 1.13-1.49). O/E was elevated
but was not statistically significant compared to reference
population among age 0-29. There was statistically significant
elevated risk of salivary gland cancer in patients aged 5-29,
peaking at age 5-9 (O/E 965.6; 95% CI 24-5,380). There was
also an increase in the incidence of leukemia and lymphoma
peaking atage 30-34 (O/E 2.27; 95% CI 1.24-3.8). When com-
bining effects of both radiation and age, there was increased
incidence of leukemia, lymphoma, and salivary gland cancer
in radioisotope group compared to nonradiation group at age
30-34.

4. Discussion

To our knowledge, this is the most up-to-date US population-
based study to evaluate the risk for SPM among patients
with PTC in SEER registry. We observed an increased
SPM risk of many sites particularly salivary gland, bone,
kidney, ureter, and hematologic malignancies. Interestingly,
it showed decreased incidence of colorectal cancer especially
pronounced in patients who did not undergo radiation
therapy. Patients who underwent radioisotope therapy had
the higher incidence of SPM, particularly bone, kidney, and
hematologic malignancies. Males had a higher incidence
of SPM than females. The incidence of SPM was higher
after MPTC than PTC >1cm, particularly in populations
who underwent radiation therapy. We observed the higher
incidence of SPM during the period 2000-2012 compared
to the period 1992-1999. Patients who were diagnosed at
younger age, particularly in their 30s, had an increased risk
of SPM. The results of this study are consistent with others
[3-5, 8-10]. Radiation therapy including radioactive iodine
therapy (RAI) is known to increase risk of SPM especially
bone cancer, kidney cancer, hematologic malignancies, and
prostate cancer in multiple studies including ours. This may
be since RAI accumulates in bone marrow and is excreted
through kidneys. Salivary gland and breast are known to
express Na"/I” symporter which promotes selective uptake
of RAI [26-28]. Given accumulation of these data, American
Thyroid Association (ATA) revised a guideline to limit RAI
on ATA high risk and selected ATA intermediate risk patients
[29],excluding patients with unifocal tumors <1 cm without
other high risk features even in the presence of small-volume
regional lymph node metastases. However, even though RAI
use in MPTC has not been routinely recommended since
2009, it has been reported that 38% of ATA low risk patients
still undergo RAI [8]. Time trend analysis of radioactive
iodine use in a cohort of 189,219 patients between 1990 and
2008 demonstrated a significant increase in the proportion
of patients with thyroid cancer receiving radioactive iodine
across all tumor sizes [30]. This may explain increasing trends
of SPM over years. Our study results indicate MPTC patients,
particularly ones who underwent radiation therapy, have
higher incidence of SPM. This may be because patients with
MPTC tend to be younger and thus more susceptible to
adverse effects of radiation therapy along with longer life



Journal of Thyroid Research

‘60’0 > onjeA d I# ‘SI20URD uﬁmuﬂﬂﬁw_w %:&uﬁwﬁwum I9{]0 0] paje[al sauo 10j uQMUNm Aﬁo—uﬂ:uxw 9Ie YSLI pajeAd[d uﬁwu@_ﬁwﬁm %:muﬁwﬁﬂuw INOYUM SIdUe)

#67°T IS 611 91 [91 L ST 81 BTN
86°0 i #88'T €l 4l € #90°C €l ewoPAN
T ¥ 6C'1 0¢ #/8T ¥ 6CT Vo4 ewoydwA] urySpoH-uoN
101 4% ¥l € #2781 ql €Tl 8T ewoydwf]
#38¢'T 901 #I€'T 19 #TLT ST #SP'T 65 saseastp orarodojeway pue oneydwd] [y
#59°0 €T #/8'1 8¢ €70 € #€L°T 9F wo)sAs auropuy
#16°1 (44 SI'T 8 70 T 90 ¢ wd)sAs snoArdu 19110 pue urerqg
#0V'C 09 ST (44 #€T'€ 91 #10°€ 6€ Kaupny
#67°T 19 1 (44 #50°€ 91 #18°T 6€ s1a[ad [euar Loupry
#hS'1 76 S8'0 0€ #61T ST #6L'1 s wa)sAs Areurin
8¢l Il #97°€ 9 LET I 9T’€ I JuvIsI
#TH'T S6 €1 87 #9791 ¥T #TV'T 44 [puoLSaL/pazipaoT
#€€1 LT1 #0€'T 99 #/8'1 ¢ #0S'T 96 ENANE |
#E'T I€1 #0€'T 89 #88'T 9¢ #LV1 96 wa)sAs [eyruad srey
971 s S0'T Vi #€6'T L1 #69'1 L€ upjs 3y} JO BWOURIA
€Tl 8¢ L0T 0€ #00'C 61 #95'T L€ unjs
60 L6 #39°0 ¥ 9¢'T 8T 860 9 snyouoiq pue duny
¥8°0 L6 #29°0 Vad LT1 8¢ 960 €9 ura)sAs A10rerdsay
#19°0 91 820 a 660 S 750 L uonoun( prowdIso}oa1 pue wWnday
#70'C |57 Y0l a 8T'1 S 780 8 xukreyd pue 140 [eIQ
#ET'T 186 10T €S #L€1 9¢T #0T'T %95 s1owun) prjos [y
#ST'T LOTI ¥0'T 209 #0V'1 59T #1T'1 0€9 UDYS BWOUR[QWUOU FUIPN[IXD SIS [[Y
#ST'T 0111 ¥0'T 509 #07'1 L9T #17'1 0€9 SIS [V

/0 paAIasqO /0 paAI2sqO q/0 PaAI2sqO /0 PaAIasqO
w +1 9 uo +1 % un > x un > R -

uoneIper s9f

uoneIper oN

uorjeIper so

uorjerpel pue oZIs Jownf,

UOTJBIPEI ON

"971$ JOWM} pue UoTjeIper £q N JS JO OIel 20UapUl paziprepue)s pue Aouenbar :¢ a1av],



Journal of Thyroid Research

500 > d #
#88'T 8¢ #56'T 44 #16'T 09 #96'T 67 #6LT 61 #H9'T 8¥ BILAYNDT
780 6 181 or or'T 61 #6'T 61 8GT 8 #78'T Vis RWOPAN
20T 8¢ #59'T 67 Tl L9 9T 0¥ LT1 12 61T 19 ewoydw4] upfSpoH-uoN
¥T0 I 6¥'T i L8°0 S 97 9 0 0 SI'l 9 ewoydwA] un{Spoy
¥6°0 6¢ #TLT %3 6I'T u T1 9F [T IC 6I'T L9 ewoydwA
8Tl 98 #18'T 9 #6€T TST Al 76 #TH'T 8% #TH'T Tl saseastp onatodojeway pue sneydwd] v
€T 65 #6L°€ 0z #8F°T 6L It 6¢ #6T'T 6 A 8% waysAs auropuy
#hLT 61 71 9 #/6T T 68°0 6 90'T S ¥60 ¥l Wo3SAS SNOAIIU JOYIO pUE UTRIg
#78'C 79 #/8'C w #98'C P01 #16'1 ¢ #69'T I #78'T 9 Asupry
#1LT €9 #1LT W #1LT ) #68'T 9¢ 8G'T Iz #ELT s staed [euar pue £aupry
0 0 Al 691 #TH'T 691 0 0 #SET 791 #SET 791 ae3so1g
#ST'T 3 67T z #GT'T 9/¢ #HT'T 1€ Al I #PT'T 8¥¢ Jsea1q
#9¢'T LS #89'T ¢ #LPT 6 T g Al 97 PO L9 RUWOURPIN
#8¢T 29 #89'T 8¢ #8%°1 001 Il 15 ¥ 6T a u° unys
€It LT I Vi 60'T $91 #81°0 8/ 9/°0 8¢ #1070 T snYoUOIq pue Jun
60'T L1 60 8¥ 0T o1 #10°0 08 #0L°0 6¢ #5L°0 611 £aoyendsay
18°0 61 80'T ¢l 60 € #€5°0 u LS50 L #H5°0 61 uondUN( prowdiso}oa1 pue WNPY
10T 8 660 o¢ 1 0zt 98°0 o $6°0 9¢ 68°0 801 wn}a1 pue uojo)
#1LT T ST 0T #59'T ¥ €T 1z 97’1 <l il 9¢ xukreyd pue £y1aed [e10
#8TT €01 #HET 9% #7TT 00ST 90T 098 #CT'T 08¢ #80°T 0¥TT s1owmy prjos [y
#L11 Th il [¥S #PTT 6891 #80°T 046 #OT'T 8¢k #0T'T 80FT SIS [V
/0 peAISqO /O PAASqO H/0 PAAIRSqO /O PAAISQO H/O PaAISqO q/0 PaAIsqO
Sreurd) areur S[eUId) pue d[eur SR arewr S[eWd) pue SR a1
/2102-000T /2102-000T /2102-000T 16661-T661 1666T-T661 /666T-T661 :

Iopudd pue ey

‘sisougerp jo 1eak pue 1opuad £q JNJS JO OIjel DUIPIOUT pazIpIepue)s pue Louonbai] i a14V],



Journal of Thyroid Research

6C'1 ja €0'1 1€T S6°0 (44! €'l SO'T S8°0 €1 #66'1 C (44! e i 0 0 NEOLQE\»A
. . . . . . . . . . . . . . . saseasIp onarodojeway
oSl T'T 860 ITT vl #0G'T LT'T I€T 780 #19'1 #3861 #LT'T 8¢'1 LT'T LT 0 0 pue ubm&&ﬂbﬁ s
0 8¢L #€8'9 6C'1 0 89°C 0 0 0 €L's 0 0 0 0 0 0 0 siapad [eusy
0 0 60T 6¢€'1 #€0°¢ #59°C #L0°C #EL'T #19°C #0S°C #E8'C €0'C T 0 0 0 0 %ocEM
78'C 01 #€8'1 6C'1 €'l vl [4°N1 6I'T vL0 19°0 1 0 0 7T 01 0 0 0 Ioppelq Kreurin
0 0 0 0 0 0 0 0 8T 76’1 €9l #86'V 0 q'e 0 0 0 SIS,
L0 701 10T 9¢'T 640 LTT 48! #LV'T #1971 6¢€'1 #CS'C €0'1 0 0 0 0 0 9e)sorq
12°0 €0'l 660 el 6L0 97’1 €Il #3871 #9961 W'l #S¢'C ST €1 vCe 0 0 0 ura)sAs Eﬁcom S[eIN
70'1 €60 8C'1 980 80 80T TT 86°0 L0°T €T 0T 1270 LE'T 1€T C 0 0 wasAs Etzuw d[ewa|
780 €60 Y1 €1 6IT £6°0 LT'T o'l 11 171 171 #CS'T LT #00°0 vI'e 0 0 iseardq
¢€C'e 6IT €50 691 71 60T #90°C #99°T 8¢'1 880 880 #80°C 860 S0 0 0 0 UTs 913 JO BWOUR[IIN
65T €1 650 #88'T 8Tl L0°T #70°C #VL'1 €1 160 1T #C1'C €6°0 6¥°0 0 0 0 pue [eseq wﬁﬁwﬂwwwﬂwm
0 0 ¥4 0 8L°¢ SL #7C6 0 eT's £9°C 80°¢ LEY €9 Sv 01 0 0 0 syuto( pue sauog
. . . . . . . . . . . . uonoun( anmwmoﬁwg
0 €0 €80  SL0 690  #TI0 €S0 L0 190  FI  TL0  9¥T  IvE 0 0 0 0 pue wnpoy
0 8¢V 6I'C 79’1 LS'T 107 vLE #0T'S 8ETY #LT'S veT €9°¢ #CL'TT 0 #5992 0 #£9°996 @zﬂm Krearres
0 8¢ I ar 6L0 90T VOT 6T 1T Wl 6T 99T  ¥87T 0  #s80¢ 0  #8regy xukreyd pue fes e1o
PO 660 #T  TUT SOT  #SUT #IUT #8IT  #ITT  #9TT  #TCT #€1 ST 60 €IT 0 6¥'T1 s1owmy pros [V
€0'1 66°0 ST'T #CT'T 901 #L1'T #ET'T #1C'T #8T'1 #61'1 #0€'T #EV'1T LT 70’1 70T 0 <98 SOUS [V
q/0 q/0 q/0 q/0 q/0 q/0 q/0 q/0 q/0 q/0 q/0 q/0 q/0 q/0 q/0 q/0 q/0
s1eak s1eak s1eak sreak sIeak sIeak sIeak s1eak s1eak s1eak sreak sIeak sIeak sIeak s1eak s1eak sIeak
+68 ¥8-08 64-SL V¥.-0L 69-99 ¥9-09 65-S¢ ¥S-05 6V F¥-0F 6£-S¢ ¥E-0¢ 6C-SC ¥C-0C 61-S1 71-01 60-S0
JAS JO YsuI pue DT d jo sisouSerp oy je a3y (q)
500> d ¢
SN SO'T 8TT-¥0°1T #ST'T €CT-01 #1T'T 1€ T-90°T #8T'T SeT-60'1 #1C'T I€T-20°T #9T'1 rT-S0°1T #CC'1 99 1-CI'l #L¢'T  siown) prjos [y
SN 90T 6C1-90'T #LI'T YC1-720'1 #ET'T cCT-T'T #1C'T 1€T-90°1 #81'T 7€1-S90'1 #61'1 67 T-€T'1 #0€'T 1LT1-61'1 #EV'T SIS [V
%ID S6 q/0 %ID S6 q/0 %IO S6 q/0 %ID S6 q/0 %IO S6 q/0 %IO S6 q/0 %IO S6 q/0 %IO S6 q/0
69-99 79-09 65-599 ¥S-08S 67 -S¥ ¥r-0% 6£-6¢€ Y€-0¢€ a3y

(ID %S6) NS JO s1 pue D 1d o sisouserp ayy 1e 38y (v)

G AT4V],



Journal of Thyroid Research

600 > d %

. . . . . . . BR[N]

0 0 0 0 0 10°C 10T qI'e €L'e &y #SL'S L6°C 0 0 0 0 0 EQ@%E SruoryH

) ) RIS NI

0 0 0 0 0 0 0 0 0 0 19°¢l 0 €6¢ 0 0 0 0 snsouow aoy

8¢9 ja YL T Ll 11T 96’1 or'C 781 0 vL 0 70’1 #€9°9 89°C L6V 0 0 0 BT NOT Eom&e MOy

w07 80 eIt eIt LI'T 981 61 81 T'T a8l #P1'¢ #L6'V vI'e 9T'¢ 0 0 0 snhdouow ﬁ:mwwwwum\d

80°S 01 67’1 ST €Sl LLT €T L9°1 0 £9°0 L8'T #L6'S 9F Sy 0 0 0 u_KuMMMMMNHMﬂHMMMM

. . . . . . . . . BR[N]

0 €80 18°0 €0 47! 9¢'T 80 981 £L8°0 #0G°¢ 0 0 0 0 0 0 0 uﬁ%uoamab SruoryH

. . . . . . . . BTUINI]

0 0 0 0 S8L STL €6°C €5'C 65°C #7S°8 SS9 PI% 0 0 0 0 0 u_fAuonmEb anoy

89T 69°0 70'1 8.0 8¢'1 #06°'1 €C'l 9L'1 €0'1 #18°C €&v'C #19°¢ S0'C ¢€I'e 0 0 0 Bl N

q/0 q/0 q/0 q/0 q/0 q4/0 q/0 q/0 q/0 q/0 q/0 q/0 q/0 q/0 q/0 q/0 q/0

s1eak s1eak s1eak s1eak sIeak sIeak sIeak sIeak s1eak s1eak s1eak sIeak sIeak sIeak s1eak s1eak sIeak
+68 ¥8-08 64-SL ¥.-0L 69-99 ¥9-09 65-S¢ ¥S-05 6V F¥-0F 6£-S¢ ¥E€-0¢ 6C-SC ¥C-0C 61-S1 71-01 60-S0

‘panunuo) (q)



10

expectancy. In fact, our analysis shows higher incidence of
SPM in patients who were diagnosed with PTC in younger
age, with peak at ages 30-34. Our study, along with other
studies, emphasizes that RAI should be used in selected
population. This is especially the case since side effect profile
of RAI has been underemphasized clinically compared to
those of other radiation therapies such as external beam
radiation therapy. Our results further indicate that males are
more susceptible to SPM. Studies have shown that risk of SPM
is higher in male for other forms of cancers such as colorectal,
esophageal, and male breast cancer [31-33]. Male tends to
have higher prevalence of cirrhosis and smoking history,
which has been hypothesized to increased risks of certain
cancers. However, risk of liver, lung, and squamous cell car-
cinoma was not higher in males compared to females in our
cohort. More research is needed to explain higher incidence
of SPM in males. Nonetheless, gender may be helpful to guide
RAIT use especially in ATA intermediate risk cases. Incidence
of SPM at all sites was higher during 2000-2012 compared to
1992-1999. This most likely reflects prolonged latency period
of tumor to develop in addition to high survival rate of PTC.
Even though the overall incidence rate was lower, patients
who did not undergo any RAI still had increased incidence
of SPM. This may be due to genetic susceptibility of thyroid
cancer patients. Studies suggest that the TERT mutation and
germline mutations of FLCN are associated with both kidney
cancer and PTC [34, 35]. Mutations of CHEK2 are also
associated with increased risk of kidney, thyroid, prostate,
and breast cancers [36-39]. Recent advance in genomic
diagnostics may enable tailoring screening strategies for
patients with primary thyroid cancer for further risk of SPM.
Our findings interestingly demonstrated decreased incidence
of colorectal cancer in thyroid cancer survivors who did
not undergo radiation therapy. There is an evidence that
higher thyroid hormone level induces cell differentiation and
mitigates tumor formation in colorectal cancer stem cells
[40]. Since thyroid cancer survivors tend to be on TSH
suppression therapy, hence they typically have higher thyroid
hormone level than counterparts; this may unexpectedly lead
to decreased incidence of colorectal cancer.

There are several limitations to our study. RAI adminis-
tration is recorded reliably in the SEER program only in the
adjuvant setting. Thus, RAI may not be recorded if this was
given later for recurrent or new disease. The SEER program
does not include information on RAI dosage. Hence, we
were not able to analyze RAI dose and the risk of SPM.
The increased diagnosis of prevalent malignancies may be an
evidence of surveillance bias in our data. Patients who have
been diagnosed with a previous malignancy may be more
likely to seek routine and follow-up health care resulting in
a perceived increase in SPM. Potential misclassification bias
is also possible. However, given large size of the SEER cohort,
any bias present is likely to be nondifferential.

The strength of this study is the use of a standardized,
large, and well-established population database of the United
States. In addition to the fact that the SEER program contains
rich information allowing for robust analyses, this study
included the most recent results available from SEER; this
is particularly important, as a longer follow-up period for

Journal of Thyroid Research

SPM is optimal for analysis, given its potentially long latency
period.

In summary, a large population-based tumor registry
in the United States suggests an increased risk of SPM for
all thyroid cancer survivors, particularly in survivors who
received radiation therapy including RAI. Efficient monitor-
ing strategies that include exposure to radiation, gender, and
genetic susceptibility may successfully detect SPM earlier in
the disease course. This is especially important given the
excellent prognosis of the initial thyroid cancer itself.
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