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ABSTRACT

Background: We evaluated the relative attribution and interactions of treatment and patient-related risk
factors for second primary malignancies (SPMs) in cervical and endometrial cancer survivors.

Methods: Stage I-lll cervical and endometrial cancer survivors’ data from the Surveillance, Epidemiology, and
End Results (SEER) registry between January 1988 and December 2015 were analyzed. The standardized
incidence ratio (SIR), excess absolute risk (EAR), and corresponding 95% confidence interval (95% Cl) values
were calculated. Analyses were classified based on proxies of human papillomavirus (HPV), smoking, hormone,
and radiotherapy (RT) status. Additive and multiplicative interactions were assessed.

Results: Cervical cancer survivors had a higher risk for developing potentially HPV and smoking-related SPMs,
especially in the RT group (SIRupv= 3.7, 95% Cl: 2.9-4.6; SIRsmoking = 3.2, 95% Cl: 2.8-3.6). Second vaginal cancer
patients had the highest SIR (23.8, 95% Cl: 14.9-36.0). There were strong synergistic interactions between RT
and the proxy of smoking (Pinteraction < 0.001), accounting for 36% of potentially smoking-related SPMs in cervical
cancer survivors.

Conclusions: RT, HPV, and smoking promote SPMs in cervical cancer to different extents. The SPM burden in
cervical cancer survivors could be mostly attributed to smoking and RT and their interactions.

INTRODUCTION [2]. Radiotherapy (RT) prolongs the survival rate of
patients with locally advanced cervical and endometrial
Cervical and endometrial cancers are common in cancers [3-5]. The prolonged survival means follow-up
women. After treatment, the 5-year survival rate of evaluation of these patients is important not only for
cervical cancer patients is 66% and reaches 81% in disease control but also for early detection of late events
endometrial cancer patients [1, 2]. More than 283 and such as second primary malignancies (SPMs).
807 thousand Americans with a history of cervical and
endometrial cancer were alive on January 1, 2019. SPMs develop after the initial primary malignancy [6].
There are an estimated 288,710 cervical cancer The risk of SPMs is associated with various factors [7],
survivors and an estimated 1,023,290 endometrial including continuous exposure to lifestyle factors (e.g.,
cancer survivors by January 1, 2030 in the United States smoking), genetic factors, etiological factors (e.g.,
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human papillomavirus [HPV]), and treatments such as
radiation therapy. Moreover, potential complex
interactions between these risk factors might cause
SPMs [8]. HPV infection is the primary cause of
cervical cancer [9]. It still affects cervical cancer
patients even after successful treatment [10, 11].
Furthermore, the estimated smoking prevalence among
cervical cancer survivors exceeds 40%, whereas the
smoking rate in the general population of US women is
only 18% [9]. Continuous exposure to these risk factors
puts cervical cancer survivors at high risk for SPMs.
Endometrial and cervical cancers are anatomically
similar but etiologically different from each other.
Endometrial cancer is associated with hormone-related
factors [12]. Similarly, hormone-related risk factors and
long-term effects of treatment can also cause SPMs in
endometrial cancer survivors. Radiotherapies for both
cancers are similar. However, no significant association
has been found between endometrial cancer and
smoking or HPV [13].

Counseling on SPM risk and seeking active measures to
minimize the risk becomes pertinent as cervical and
endometrial cancer survivors increase in prevalence [2,
11], though the impact of risk factors on SPM
development in these two cancers remains unclear.
Previous studies usually focused on the role of
individual risk factors and ignored the contribution of
their potential interactions in SPM risk [14]. Using data
from the Surveillance, Epidemiology, and End Results
(SEER) registry, we aimed to examine the determinants
and their interactions in SPM risk in survivors of
cervical and endometrial cancer, taking advantage of
their similar treatments and anatomy, as well as the
different etiology of endometrial cancer.

METHODS
Study population and data sources

The SEER database covers approximately 97% of all
cancer incidences in registry areas within the United
States. The database records basic demographics and
some clinical characteristics [15]. SEER*stat software
(version 8.3.8) was used to select patients. Eligible
participants diagnosed with index primary cervical or
endometrial cancer between January 1988 and
December 2015 were identified (Figure 1). Patients over
20 years old with at least 12 months of follow-up were
included. SPMs were defined as a new primary cancer
occurring at least 12 months after an index cancer [16].
A one-year latency after the diagnosis of initial cancer
was required to exclude recurrence or metastases of the
first neoplasm [16]. Stage IV patients were also
excluded to avoid metastases of primary cancer.
Additionally, patients diagnosed via only autopsy or

death certificate were excluded, as follow-up
information was not available. All patients had
complete data such as year of diagnosis, age, race,
marital status, disease stage, RT (yes or no/unknown),
chemotherapy (yes or no/unknown), and surgery (yes or
no/unknown). The study ended at the diagnosis date of
SPMs, the death of patients, or the end date of the study
(December 31, 2015), whichever came first.

Secondary cervical or endometrial cancers were not
included as eligible sites of SPMs to avoid the inclusion
of relapses in the analyses [17]. Proxies of risk factors
were used. SPMs were dichotomized into potentially
HPV-related or non-HPV-related SPMs, potentially
smoking-related or non-smoking-related SPMs, and
potentially hormone-related SPMs or non-hormone-
related SPMs since smoking and HPV information was
not available in the SEER data. Dichotomous variables
were used as substituents for HPV infection, smoking,
and hormone status. Oropharyngeal cancers (tongue,
tonsil, oropharynx) [18] and cancers of the vagina,
vulva, anus, and rectum were usually associated with
HPV infection and were used as proxies of HPV-related
SPMs. Cancers of the esophagus, lung, bronchus, and
bladder were classified as potentially smoking-related
SPMs [18, 19]. In addition, female breast and ovarian
cancers were grouped as potentially hormone-related
SPMs to compare cervical and endometrial cancer
survivors [20]. All cancers were histologically defined
by ICD-O-3 codes in the SEER.

Statistical analysis

Chi-square tests were used to compare the distribution
of demographic characteristics. Univariate and
multivariable analyses were performed using a Cox
proportional hazards model to assess the hazard ratio
(HR), with a 95% confidence interval (CI). Significant
variables in univariate analysis were selected for
multivariable analysis. Multiplicative interactions
between risk factors were evaluated by including
interaction terms in the final multivariable models of
Cox regression analyses. Additive interactions were
assessed using the calculation defined by Rothman and
Anderson et al. through the following three measures of
biological interaction: the relative excess risk due to
interaction (RERI), the attribution proportion due to
interaction (AP), and the synergy index (S) [21].
Several combinations, such as positive multiplicative
positive additive, no multiplicative positive additive,
negative multiplicative positive additive, and negative
multiplicative negative additive interaction, were used
to account for the possible complex interactions [22].

The standardized incidence ratio (SIR) and excess
absolute risk (EAR) were estimated by comparing with
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age-matched female in the general population [9] to
evaluate the risk of developing the SPMs in primary
cervical and endometrial cancer survivors. Specifically,
the SIR with 95% CI was defined as the ratio of
observed [OJ/expected [E] number of patients
diagnosed. The expected number of patients was based
on the cancer incidence rates in the United States
standard population, adjusted for several variables like
person-years of follow-up, age, race, and sex to ensure
the most appropriate comparison [6, 23]. EAR (per
10,000 person-years) was calculated as the observed
number of second cancers minus the expected number
of second cancers/person-years at risk and then
multiplied by 10,000 [24]. Sensitivity analyses were
conducted using latency years, stage, age, and
implementation of hysterectomy and/or ovariectomy of
index primary cancer to test the robustness of the
results. We also conducted sensitivity analyses by
classifying mouth, throat, larynx, esophagus, lung, liver,
stomach, pancreas, bladder, kidney, prostate, colon, and
rectum as potentially smoking-related SPMs. A P value
<0.05 (2-sided) was considered statistically significant.
To address the issue of multiple comparison, adjusted
methods are usually used to evaluate the significance of
a test statistic. We thus applied Bonferroni correction to
the analysis, because it is a commonly used
conservative method for taking the multiplicity into
account. After the Bonferroni correction, a P value <
0.017 was considered statistically significant in the
multiple comparisons. All analyses were conducted
using SPSS 25 (IBM Corp, Armonk, NY, USA) and
SEER*stat software (version 8.3.8).

Ethics statement

Patient consents were not required because this is a
retrospective database research in nature. Institutional
Review Board approval was not required.

Data availability

Data are accessible in the SEER database and available
on request.

RESULTS

Table 1 shows the characteristic distributions of the
patients by RT status. Cervical cancer patients with no
RT tended to be younger and white, have localized
stage, have received surgery, and not have received
chemotherapy. Endometrial cancer patients with the
regional stage who received chemotherapy were more
likely to receive RT. Most cervical cancer patients were
between 35 and 50 years old, while endometrial cancer
patients were over 50 years old. The number of cervical
cancer patients who received RT was similar to that of

patients who did not. However, the number of
endometrial cancer patients who did not receive RT was
nearly triple the number of those who did. There were
substantial differences between groups with RT and no
RT (P <0.001).

As shown in Table 2, cervical cancer patients of older
age, black race, regional stage, and RT tended to have
SPMs, cervical cancer survivors of young age, black
race, local stage and not received RT seem to have low
risk of SPMs. Similarly, endometrial cancer patients of
older age, white race, regional stage, and RT were more
likely to have SPMs. The median age at diagnosis of
primary cervical cancer was 53 years old; the median
age at the time of SPMs diagnosis was 61 years old; the
median latency from primary cervical cancer to SPMs
was 90 months. The median at diagnosis of primary
endometrial cancer was 64 years old; the median at the
time of SPMs diagnosis was 71 years old; the median
from primary endometrial cancer to SPMs was 72
months. In addition, radiotherapy increased SPM risk in
both cervical (1.4, 95% CI: 1.2-1.6) and endometrial
cancer survivors (1.2, 95% CI: 1.1-1.3). However,
chemotherapy did not significantly affect the risk of
SPMs in survivors of either cancer after multivariate
adjustment (P > 0.05).

The site-specific SIRs by radiotherapy status of index
cervical and endometrial cancer survivors are shown in
Table 3. Regardless of whether patients received RT,
the SIRs of HPV-related SPMs in the survivors were
higher than those in the general population.
Numerically, HPV-related SPM risk was higher in the
RT group. The SIR of vaginal cancer was the highest
(23.8, 95% CI: 14.9-36.0) in HPV-related SPMs. There
were differences in vaginal cancer risk between the SIR
of cervical cancer survivors (23.8, 95% CI: 14.9-36.0)
and the SIR of endometrial cancer survivors (7.6, 95%
CI: 4.8-11.5). The SIR of vulvar cancer was the second
highest, and RT increased its incidence in cervical
cancer survivors (SIR = 8.3, 95% CI: 5.3-12.4 for RT
vs. 3.0, 95% CI: 1.5-5.2 for no RT). The SIR of SPM in
oropharyngeal cancers numerically increased in cervical
cancer survivors (1.5, 95% CI: 0.6-3.4) but numerically
decreased in endometrial cancer survivors (0.72, 95%
CI: 0.31-1.35). In addition, the SPM risk in the rectum
increased in both cervical and endometrial cancer
survivors who received RT (SIR = 2.0, 95% CI: 1.2-3.1
vs. 1.5, 95% CI: 1.1-2.0) but not in patients who did not
receive RT (SIR = 0.94, 95% CI: 0.48-1.64 vs. 1.1,
95% CI: 0.9-1.4).

For potentially smoking-related SPMs, the SIR in
cervical cancer survivors increased (3.2, 95% CI: 2.8—
3.6) but not in endometrial cancer survivors (1.1, 95%
CI: 1.0-1.2). The SPM risk of the no-RT group (SIR =
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Table 1. Characteristics of the index cervical cancer and endometrial cancer survivors from the Surveillance,
Epidemiology, and End Results (SEER) database, 1988-2015.

Total Cervical Cervical Total Endometrial Endometrial
Baseline characteristic n ? cancer, RT, cancer, no RT, P n ? cancer, RT, cancer, no RT, P
n (%) n (%) n (%) n (%)
Year of 1988-2004 12125 5299 (43.70) 6826 (56.30) 0,001 30463 8285 (27.20) 22178 (72.80) 0.024
diagnosis 20052015 5397 2745 (50.86) 2652 (49.14) ’ 30355 8009 (26.38) 22346 (73.62) ’
<35 3694 831 (22.50) 2863 (77.50) 908 100 (11.01) 808 (88.99)
35-49 7185 2979 (41.46) 42006 (58.54) 7951 1485 (18.68) 6466 (81.32)
Age group <0.001 <0.001
50-64 3986 2445 (61.34) 1541 (38.66) 27163 6812 (25.08) 20351 (74.92)
>65 2657 1789 (67.33) 868 (32.67) 24796 7897 (31.85) 16899 (68.15)
White 12689 5556 (43.79) 7133 (56.21) 50818 13819 (27.19) 36999 (72.81)
Race Black 2629 1415 (53.82) 1214 (46.18) <0.001 4102 1243 (30.30) 2859 (69.70) <0.001
Other 2204 1073 (48.68) 1131 (51.32) 5898 1232 (20.89) 4666 (79.11)
Local 10321 2273 (22.02) 8048 (77.98) 48964 9886 (20.19) 39078 (79.81)
csﬁt:eg;szf Regional 6137 5500 (89.62) 637(10.38)  <0.001 10237 6159 (60.16) 4078 (39.84) <0.001
Unknown 1064 271 (25.47) 793 (74.53) 1617 249 (15.40) 1368 (84.60)
No 3988 1730 (43.38) 2258 (56.62) 9515 2431 (25.55) 7084 (74.45)
Marital status <0.001 0.003
Yes 13534 6314 (46.65) 7220 (53.35) 51303 13863 (27.02) 37440 (72.98)
No 5364 4442 (82.81) 922 (17.19) 2759 742 (26.89) 2017 (73.11)
Surgery' <0.001 0.901
Yes 12158 3602 (29.63) 8556 (70.37) 58059 15552 (26.79) 42507 (73.21)
No 13007 3779 (29.05) 9228 (70.95) 55669 13091 (23.52) 42578 (76.48)
Chemotherapy <0.001 <0.001
Yes 4515 4265 (94.46) 250 (5.54) 5149 3203 (62.21) 1946 (37.79)

Abbreviations: RT: received radiotherapy; no RT: not received radiotherapy; n: number of cases. “P values were derived from
Chi-square analyses. 'Surgery of primary sites: a surgical procedure that removes and/or destroys the tissue of the primary
sites.

Enroliment Enrollment

Patients with endometrial cancer in Patients with cervical cancer in the
the SEER between 1988-2015 SEER between 1988-2015
(n=68405) (n=41563)

/ Exclude(n=7687) \ / Exclude(n=24041) \
Follow up <12 months or second events <12 Follow up <12 months or second events <12
months from first endometrial cancer months from first cervical cancer primary
malignancy (n=3726) malignancy (n=13527)

Age<20 (n=1326) Age<20 (n=3265)
Without active follow-up (n=314) Without active follow-up (n=1576)
Complete dates are not available or Survival Complete dates are not available or Survival
time no more than 0 days (n=1248) time no more than 0 days (n=1104)
K Stage IV (n=973) / K Stage IV (n=4569) J
\4

[ Included patients (n=60818) ][ Included patients (n=17522) ]

| |

v v
Patients with second Patients with single Patients with second Patients with single
primary cancer primary cancer primary cancer primary cancer
(n=5745) (n=55073) (n=1517) (n=16005)

Figure 1. The flowchart of study population selection. Abbreviation: SEER: Surveillance, Epidemiology, and End Results.
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Table 2. Selected risk factors for the second primary malignancies (SPMs) from cervical cancer and endometrial

cancer survivors, SEER, 1988-2015.

Cervical cancer

Endometrial cancer

only single

only single

Risk factors ; HR} ;
primary . primary . t az0
Total, n cancer, P 95% CI) Total, n cancer, P HR" (95% CI)
n/SPMs, n n/SPMs, n
Year of 1988-2004 12125 10802/1323 Reference 30463 26214/4249 Reference
car ot <0.001 <0.001
diagnosis 2005-2015 5397 5203/194 0.97 (0.82-1.14) 30355 28859/1496 1.0 (0.9-1.1)
<35 3694 3552/142 Reference 908 867/41 Reference
3549 7185 6661/524 2.2 (1.8-2.6) 7951 7418/533 1.4 (1.0-1.9)
Age group <0.001 <0.001
50-64 3986 3499/487 4.3 (3.5-5.2) 27163 24821/2342 2.0 (1.5-2.9)
>65 2657 2293/364 7.0 (5.7-8.7) 24796 21967/2829 3.4 (2.54.6)
White 12689 11597/1092 Reference 50818 45843/4975 Reference
Race Black 2629 2362/267 0.001 1.2 (1.0-1.4) 4102 3781/321 <0.001 1.1 (1.0-1.3)
Other 2204 2046/158 0.71 (0.60-0.84) 5898 5449/449 0.95 (0.86-1.05)
Local 10321 9478/843 Reference 48964 44224/4740 Reference
iit:eg:sgf Regional 6137 5573/564 0.010 1.1 (1.0-1.3) 10237 9373/864 <0.001 1.1(1.0-1.2)
Unknown 1064 954/110 1.3 (1.0-1.6) 1617 1476/141 1.1 (0.9-1.3)
. No 3988 3732/256 Reference 9515 8792/723 Reference
Marital status <0.001 <0.001
Yes 13534 12273/1261 1.0 (0.9-1.2) 51303 46281/5022 1.0 (0.9-1.1)
No 13007 11818/1189 Reference 55669 50225/5444 Reference
Chemotherapy <0.001 <0.001
Yes 4515 4187/328 1.1 (0.9-1.2) 5149 4848/301 1.0 (0.9-1.1)
. No 5364 4850/514 Reference 2759 2561/198 Reference
Surgery 0.004 <0.001
Yes 12158 11155/1003 0.82 (0.72-0.94) 58059 52512/5547 0.87 (0.74-1.03)
. No 9478 8752/726 Reference 44524 40455/4069 Reference
Radiotherapy <0.001 <0.001
Yes 8044 7253/791 1.4 (1.2-1.6) 16294 14618/1676 1.2 (1.1-1.3)

Abbreviations: SEER, Surveillance, Epidemiology, and End Results; n: number of cases; HR: hazard ratio; Cl: confidence
interval; “-”: not available. P values were derived from Chi-square analyses. 'Surgery of primary sites: a surgical procedure
that removes and/or destroys the tissue of the primary sites. *Hazard ratios were derived from multivariate analysis of Cox
proportional hazards model. All the variables significant in the univariate analysis were initially included in the multivariate
analysis. Variables included in the final multivariate model for cervical cancer and endometrial cancer were age, race, stage of
disease, marital status, chemotherapy, surgery, and radiotherapy.

0.71, 95% CI: 0.66-0.77) was even lower than that of
the general population. The SIR of the RT group (3.2,
95% CI. 2.8-3.6 and 1.1, 95% CI: 1.0-1.2) was
significantly higher than that of the no-RT group (1.6,
95% CI: 1.4-1.9 and 0.71, 95% CI: 0.66-0.77) for both
cervical and endometrial cancer survivors. Bladder
cancer incidence was the highest in potentially
smoking-related SPMs (SIR = 3.6, 95% CI: 2.6-4.8).
For potentially hormone-related SPMs, the SIR (0.76,
95% CI: 0.63-0.90) for cervical cancer survivors was
lower than that for endometrial cancer survivors. RT did
not affect the risk of potentially hormone-related SPMs
in either cervical or endometrial cancer survivors.

The multiplicative and additive interactions between
HPV, smoking, hormones and RT in potential SPM risk
are shown in Table 4. HPV and RT had no interaction

effect on potential SPM risk in either cervical or
endometrial cancer survivors. However, there were
possible significant multiplicative (P < 0.001) and
additive (P < 0.01) interactions between RT and
smoking for cervical cancer survivors. The corrected P
value <0.001 were still considered significant while
taking the multiplicity into account (P < 0.017). We
found that potentially HPV- and smoking-related SPMs
each may be individually accounted for only 10.0% and
27.7% of SPMs from cervical cancer, respectively. The
possible attribution proportion due to the interaction of
RT and smoking for potential SPM risk reached 36%.
There was also a possible negative multiplicative
interaction (P = 0.01) between the proxy of hormones
and RT for cervical cancer survivors. Although the
possible multiplicative interaction between hormones
and RT depends on latency, there was no multiplicative
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Table 3. Potential site SIRs by radiotherapy status of index cervical cancer and endometrial cancer survivors, SEER,

1988-2015.

Site of second

Cervical cancer, RT

Endometrial cancer, RT

Cervical cancer, no RT

Endometrial cancer, no RT

primary malignancy O/E SIR (95% Clyf O/E SIR (95% Cly' O/E SIR (95% Clyf O/E SIR (95% CI) '
HPV-related SPMs 74/20 37°(2.9-46)  100/62 1.6" (1.3-1.9) 77/28 2.7 (2.2-3.4) 199/176 1.1 (1.0-1.3)
Oropharynx 5/3 1.5 (0.6-3.4) 710 0.72(0.31-1.35) 6/5 1.3 (0.6-2.5) 22/28 0.78 (0.51-1.14)
Female Genital System  49/5 9.7'(7.2-12.8)  48/18 2.7 (2.0-3.6) 50/7 7.1 (5.3-9.4) 81/49 1.6" (1.3-2.0)
Vagina 22/1 23.8°(14.9-36.0)  22/3 76" (4.8-11.5) 351 29.3"(20.4-40.8) 48/8 6.0" (4.4-8.0)
Vulva 24/3 83'(53-124)  25/11 24" (1.5-3.5) 12/4 3.0 (1.5-5.2) 29/29 0.99 (0.66-1.43)
A‘:‘lg‘::é tﬁ;al Canal and 12 0.45 (0.01-2.50) 3/7 0.44 (0.09-1.28) 9/4 2.6"(1.2-4.9) 9/20 045" (0.21-0.86)
Rectum 19/10 2.0° (1.2-3.1) 42/28 1.5" (1.1-2.0) 1213 0.94 (0.48-1.64) 86/78 1.1 (0.9-1.4)
Smoking-related SPMs ~ 262/83 32°(2.8-3.6) 327309  1.1(1.0-12) 158/97  1.6"(1.4-1.9) 601/842  0.71" (0.66-0.77)
Esophagus /3 2.6 (1.0-5.3) 9/9 0.96 (0.44-1.82) 33 0.96(0.20-2.82) 19/25 0.75 (0.45-1.17)
Lung and Bronchus ~ 213/68 3.0°(27-3.6) 244252 097 (0.85-1.10)  134/80 1.7 (1.4-2.0) 464/688  0.67" (0.61-0.74)
Bladder 42/12 3.6°(2.6-4.8) 74/48 1.6" (1.2-2.0) 21/14 1.5 (1.0-2.4) 118/128  0.92 (0.76-1.10)
Hormone-related SPMs ~ 135/178  0.76' (0.63-0.90) ~ 483/500  0.97 (0.88-1.06)  204/272  0.75' (0.65-0.86)  1412/1444  0.98 (0.93-1.03)
Female Breast 110/163  0.68° (0.56-0.82)  472/451 L1(L.0-1.1) 190249 0.76" (0.66-0.88)  1349/1308 1.0 (1.0-1.1)
Ovary 25/16 1.6"(1.1-2.3) 11/48 023" (0.12-0.41) 14223  0.61(033-1.02)  63/136  0.46" (0.36-0.59)

Abbreviations: cSIR: standardized incidence ratio; SPMs: second primary malignancies; RT: received radiotherapy; no RT: not received radiotherapy; Cl:
confidence interval; O: observed number of cancer patients; E: expected number of cancer patients; HPV: human papillomavirus. *P value of SIR < 0.05 was
considered significant. "The SIR and 95% Cl was automatically generated by the SEER MP-SIR.

Table 4. Interactions between HPV, smoking, and hormone with RT in the potential risk of SPMs from cervical cancer
and endometrial cancer survivors with 12 months latency since the initial primary diagnosis, SEER, 1988-2015.

Types of Variables HPV Smoking Hormone
interactions Value (95% Cl), P Value (95% Cl), P Value (95% Cl), P
Multiplicative ~ RT in cervical ~ 0.97 (0.68-1.39), P = 0.88 1.7 (1.3-2.3), "P<0.001 0.70 (0.53-0.92), P =0.01
interactions cancer
RT in 0.80 (0.62-1.03), P = 0.09 1.1 (0.9-1.3), "P=0.5 0.95 (0.81-1.11), "P=0.52
Endometrial
cancer
Additive RT in cervical ~RERI: 0.02 (-0.69-0.73), 7P = 0.96 RERTI: 0.87 (0.42-1.31), #P< 0.001 RERI: -0.59 (-1.22-0.04), /P = 0.07
interactions cancer AP: 0.01 (-0.32-0.34), 7P = 0.96 AP: 0.36 (0.21-0.52), /P< 0.001 AP: —0.25 (-0.54-0.05), 7P = 0.10

S: 1.0 (0.5-1.9), P =1.0 S: 2.6 (1.3-5.3), 7P = 0.006 S: 0.70 (0.48-1.03), P = 0.07

RT in
Endometrial
cancer

RERI: —0.46 (-0.90-0.02), P = 0.04
AP: -0.29 (-0.61-0.03), /P = 0.08
S: 0.57 (0.31-1.03), /P = 0.06

RERI: —0.03 (~0.32-0.27), 'P = 0.87
AP: —0.01 (-0.16-0.13), /P = 0.87
S: 0.98 (0.74-1.29), /P =0.87

RERT: 0.01 (-0.37-0.39), /P = 0.97
AP: 0.00 (-0.11-0.11), *P = 0.97
S: 1.0 (0.9-1.2), ’P=1.0

Abbreviations: SPMs: second primary malignancies; HPV: human papillomavirus; RT: received radiotherapy; no RT: not received radiotherapy; RERI: the relative excess
risk due to interaction; AP: the attribution proportion due to interaction; S: the synergy index. fInteraction terms included RT with HPV/smoking/hormone,
respectively. “P for interaction was derived from Cox regression analyses. *P for interaction was derived from Cox regression analyses and Anderson’s excel
table.

interaction at 60 months in cervical cancer survivors
(Supplementary Table 1). In addition, there was no
additive interaction, regardless of the latency year.
No interaction was observed between any potential
risk factors for SPM risk in endometrial cancer
Survivors.

Figure 2 demonstrates the excess risk of SPMs in
cervical and endometrial cancer survivors. Overall, the
trend of excess risk was consistent with the
corresponding SIRs. The largest difference in SPM
excess risk between cervical and endometrial cancer
survivors was observed in potentially smoking-related
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SPMs (31.3 vs. 1.6 per 10,000 person-years). However,
the trend was opposite for some sites such as the breast
(excess risk: —9.2 vs. 1.8 per 10,000 person-years).
Cervical cancer survivors with RT had a substantially
higher potential HPV-related SPM excess risk than
endometrial cancer survivors (9.3 vs. 3.3 per 10,000
person-years). Although the excess risk of potentially
hormone-related SPMs in endometrial cancer survivors
was higher than that of cervical cancer survivors
(1.4 vs. =7.6 per 10,000 person-years), it was lower
than the general population risk.

DISCUSSION

To the best of our knowledge, this is the first study to
quantify the relative contribution and interactions of
possible risk factors for SPMs in cervical cancer
survivors compared with endometrial cancer survivors,
taking advantage of their anatomical and treatment
similarity, and etiological heterogeneity. Potentially
HPV and smoking-related SPMs may be accounted for
10.0% and 27.7%, respectively, of SPMs for cervical
cancer survivors. Moreover, the most possible
significant difference in the risk of SPMs was in
smoking-related sites. Strong synergistic interactions
between RT and smoking were also observed (Pinteraction
< 0.001), accounting for 36% of potentially smoking-

There was an increased risk of potentially smoking-
related SPMs in cervical cancer survivors, similar to the
conclusion of Underwood et al., who found that the risk
of smoking-related SPMs in cervical cancer survivors
was almost twice that of breast and colorectal cancer
survivors [9]. The reason may be that the estimated
smoking prevalence of cervical cancer patients is over
40%, while it is only 14% and 12% in breast and
colorectal cancer survivors [9], respectively. In our
study, the difference in SIR and the excess risk in
smoking-related sites was most significant among the
potentially HPV-, smoking-, and hormone-related SPM
subgroups. The differences in SPM risk could be
predominantly correlated to the high smoking rate of
cervical cancer survivors. This finding highlights the
importance of smoking cessation in the prevention of
SPMs for cervical cancer. However, the SPM risk in
smoking-related sites for endometrial cancer survivors
decreased (SIR: 0.71, 95% CI: 0.66-0.77), consistent
with results from Zhou et al. [25]. Smoking might
decrease the SPM risk of endometrial cancer survivors
by reducing body fat and exerting potent antiestrogenic
effects [6].

Etiologically, cervical cancer is also associated with
HPV infection, unlike endometrial cancer. HPV may
affect susceptibility to SPMs for cervical cancer

related SPMs in cervical cancer survivors in our survivors [9]. This effect could, at least in part, explain
analyses. why a higher SIR was observed in cervical cancer
Sites
Ovary - :.'::E_ mmm  Cervical cancer with radiotherapy
Female Breast- i oo Cervical cancer without radiotherapy
Hormone-related SPMs - == Endometrial Cancer with radiotherapy
Bladder - ) ) '
——= Endometrial Cancer without radiotherapy
Lung and Bronchus -
Esophagus- B
Smoking-related SPMs - | E=2eme—
Rectum - =
Anus, Anal Canal and Anorectu- L
Vulva- =
Vagina-
Female Genital System
Oropharynx-
HPV-related SPMs - EIID
T T 1
Q Q Q Q Q
N N g% b

Excess risk (per 10,000 person-years)

Figure 2. Excess risk of second primary malignancies (SPMs) by radiotherapy status of index cervical cancer and
endometrial cancer survivors. Abbreviations: SPMs: second primary malignancies; HPV: human papillomavirus.
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survivors. The overall SIR of cervical cancer survivors
in potentially HPV-related sites was significantly higher
than that of endometrial cancer survivors (SIR: 3.7 vs.
1.6) regardless of RT. For example, the SIR of SPMs in
cervical cancer patients numerically increased, while
that in endometrial cancer patients numerically
decreased in oropharyngeal cancers. Although smoking
and alcohol consumption are the main risk factors for
oropharyngeal cancers, as smoking rates decline in the
United States, the increased incidence of oropharyngeal
cancers has been attributed to high-risk HPV infection
[9, 26]. Therefore, the differences in SIR between the
two cancers might be attributed to the prevalence of
HPV and/or interactions between the above risk factors
[23, 26]. In addition, hormone-related factors such as
obesity, nulliparity, late menopause, use of tamoxifen,
and diabetes mellitus affect endometrial but not cervical
cancer [12, 13]. This difference, at least in part,
accounted for the higher SIR in potentially hormone-
related SPMs of endometrial versus cervical cancer
survivors. Thus, in addition to smoking, the differences
between SPM risk of cervical and endometrial cancer
survivors might also be related to HPV infection and
hormonal status.

Radiotherapy is essential for the local control of both
cervical and endometrial cancers. However, this
treatment can also result in SPMs [6]. It was estimated
that approximately 8% of SPMs in cancer survivors
were due to radiation therapy [14]. The highest
incidence rate was between 4 and 15 years after RT [16,
27]. Patients who received RT had a higher SPM risk in
this study, with the highest risk found in the vagina of
both cervical and endometrial cancer survivors, similar
to previous reports [6, 28]. In SEER database, second
vagina cancer was defined as a primary cancer, unless a
pathologist compares the second tumor to the primary
tumor and states that second tumor is a recurrence of
cancer from the previous primary. In addition, Stage IV
patients were excluded in this study to avoid metastases.
Moreover, SPMs predominantly occur in irradiated or
adjacent areas because of the local effect of RT [17, 28].
RT thus plays an important role in the highest SPM risk
of second vaginal cancer. This result suggests that
survivors, especially smokers or those exposed to
second-hand smoke, who have received RT are
encouraged to be monitored more frequently to
facilitate early detection of SPMs.

Notably, radiotherapy of the pelvis can result in ovarian
insufficiency since ovarian tissue is sensitive to
radiation [29]. There was decreased breast SPM risk
(SIR = 0.68, 95% CI: 0.56-0.82) in cervical cancer
survivors, possibly due to alterations in hormone levels
in the breast tissue following hysterectomy,
ovariectomy, and premature ovarian failure resulting

from radiation [19, 30]. Sensitivity analyses were
conducted for survivors who received hysterectomy
and/or ovariectomy, and no significant difference was
observed. Thus, the results of hormone-related SPMs
are robust.

However, none of these factors alone can fully explain
the differences in potential SPM risk between cervical
and endometrial cancer survivors. Recent studies have
shown that risk factors associated with SPMs can jointly
interact [19, 31]. There were potentially strong
synergistic interactions between RT and smoking (P <
0.01) in cervical cancer survivors in this study. Despite
some confounders existed, the significant interaction
could effectively rule out most of the confounding
factors. For causative exposures, the positive
multiplicative positive additive was the strongest form
of interaction [22]. In this case, each exposure amplifies
the causative effects of the other on either the additive
or the multiplicative scale [22]. Although the findings
were similar to those of Lois B et al., who concluded
that the SPM risk from smoking and treatment was
compatible with a multiplicative relation [32], a positive
additive interaction was further identified in this study,
indicating a potential biological interaction [33].
Moreover, the interaction was biologically feasible
because both tobacco carcinogens and radiation can
result in genetic mutations that may jointly contribute to
SPM formation [34, 35]. There was also a possible
negative multiplicative interaction (P = 0.01) between
hormones and RT. This finding can also be
mechanistically explained by the ovarian insufficiency
caused by radiotherapy to the pelvis [29]. There were no
interactions between HPV and RT in SPM risk. The
interaction between smoking and HPV in SPM risk
could not be determined due to insufficient available
data. However, it has been reported that smoking
increases HPV viral load and is associated with the
persistence of high-risk HPV [9, 35]. Mechanisms have
been suggested that smoking increases HPV replication
and DNA damage in epithelial cells and affects both
innate and adaptative immune responses against HPV
[36]. Smoking contributes to the development of HPV-
related cancer [37].

Overall, smoking was likely the most prominent factor
in the SPM risk for cervical cancer survivors, followed
by RT and HPV [14, 31]. Notably, many cancer
survivors still consume tobacco after diagnosis and
treatment [15, 38, 39], exposing themselves to SPM
risk. Thus, smoking cessation is an effective method to
prevent SPMs in cancer survivors [31, 39]. In addition,
HPV monitoring and management are recommended for
cervical cancer survivors. Moreover, protecting the
surrounding normal tissue by using advanced
radiotherapy techniques and regular SPM screening
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after radiotherapy is critical. Early detection can
improve the lifespan of survivors, and SPMs are
preventable if lesions are detected early and adequately
managed [11]. Therefore, although further research is
necessary, our findings are of important implications for
second primary malignancies surveillance and
prevention. Specifically, our results advocated that 1)
smoking cessation should be implemented among
cervical cancer survivors, especially for those who
received RT. 2) increased surveillance could be done. In
practice, survivors may be followed-up every three
months during the first two years after successful
treatment for cervical cancer and then twice yearly and
thereafter for the rest of their lives [4]. For those regions
exposed to radiotherapy- or smoking-related sites,
physical or other examinations (for example, vaginal
examination) should be more frequent than previously
assumed. We think it is prudent to propose twice-yearly
followed-up for the rest of their lives and at least a chest
CT, an abdominal and pelvic MRI should be
recommended for every surveillance. However,
additional researches on the frequency and detailed
surveillance strategies should be carried out. For
endometrial cancer survivors, although they still should
stick to once-a-year routine checkup, but breast
examination could be on the checklist. 3) improvement
of the HPV vaccine reduces the incidence of cervical
cancer, which will decrease the number of cervical
cancer survivors naturally and thus also the HPV-
related SPMs. Hence, it is important to promote HPV
vaccine uptake for the primary prevention of HPV-
related cancers and also HPV-related SPMs [40].

This study has some undeniable limitations. First, the
SEER registry provided no information on HPV
infection, details of smoking habits, RT doses, or
changes in treatments over time. We used the grouping
of HPV-, smoking- or hormone-related cancer patients
as proxies for SPM risk factors. There is no information
in most large databases about risk factors such as HPV
infection, smoking or exposure to hormones, etc., and
there is a certain difficulty to collect all the above
information in the real world. However, we used
innovative study designs to circumvent this pitfall.
Approaches that rely on proxies have a potential
advantage when data are difficult to collect but require
evidence supporting their accuracy. The proxy for HPV
might be accurate enough because approximately 80%
of HPV-related cancers are caused by HPV [18, 38]; the
proxy for smoking- or hormone-related cancers might
be inaccurate because the proportion of malignancies
caused by these risk factors are highly uncertain and
there may be significant unmeasured confounders.
Therefore, we tested the hypotheses by interaction
analyses, which effectively ruled out most of the
confounding. The significant interaction that we found

strongly indicates a true role of these risk factors in
SPM risk. In addition, we did conduct sensitivity
analyses by classifying mouth, throat, larynx, esophagus,
lung, liver, stomach, pancreas, bladder, kidney, prostate,
colon, and rectum as potentially smoking-related SPMs,
and we found the positive multiplicative positive
additive interactions between RT and smoking (P =
0.004, Supplementary Table 2) still exist, even after
Bonferroni  correction. Second, we head-to-head
compared and comprehensively evaluated the different
associations of the SPMs risk factors between survivors
of cervical cancer and endometrial cancer, taking the
advantage of their anatomical and treatment similarity
and etiological heterogeneity. Although cervical cancer
and endometrial cancer are tumors with completely
different pathologic mechanisms and oncological
properties, they have a close anatomic location and
similar treatment especially radiotherapy. This
comparison provides a unique opportunity to delineate
the relative contribution and interactions of treatment,
cancer, and patient-related determinants to second
primary malignancies risks. Third, chemotherapy agents
and anti-estrogen therapy may also affect the SPM
outcomes. Chemotherapy regimens for cervical and
endometrial cancer are usually cisplatin-based [41].
However, a meta-analysis showed that cisplatin was not
associated with an increased risk for second cancers. It
is likely that cisplatin is not a remarkable confounding
factor affecting the SPM outcomes. Anti-estrogen
therapy is mainly for endometrial cancer not cervical
cancer. In addition, there was no interaction between
RT and hormone proxy, therefore, its impact on the risk
of SPMs of cervical cancer survivors may not be
remarkable. In addition, sensitivity analyses between
the two cancer survivors (Supplementary Tables 1-11)
were conducted to assess the robustness of the results.

In conclusion, large population-database analyses
suggested that RT, HPV, and smoking promoted SPMs
in cervical cancer survivors at different magnitudes.
There were possible strong synergistic interactions
between smoking and RT. RT also increased the SPM
risk in endometrial cancer survivors. Although future
studies are warranted, it is prudent to suggest smoking
cessation, HPV monitoring and management, and
increased surveillance of cancer survivors as critical
considerations for SPM prevention, especially in those
who receive RT.
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AP: attribution proportion due to interaction; CI:
confidence intervals; EAR: excess absolute risk; HPV:
human papillomavirus; HR: hazard ratio; S: synergy
index; SPMs: second primary malignancies; SEER:
Surveillance, Epidemiology, and End Results; SIR:

www.aging-us.com

3844

AGING



standardized incidence ratio; RERI: relative excess risk
due to interaction; RT: radiotherapy.

AUTHOR CONTRIBUTIONS

Guarantor of the article: ZF, KH. Specific author
contribution. Conception/design: ZF, KH. Collection
and/or assembly of data: KH, LX, MJ, WL, SW, JH.
Data analysis and interpretation: ZF, KH, LX, MJ, WL,
SW, JH, YL, QS. Manuscript writing: ZF, KH, LX, MJ,
YL, QS. Final approval of manuscript: ZF, KH, LX,
MIJ, WL, SW, JH, YL, QS.

ACKNOWLEDGMENTS

We sincerely thank the US National Cancer Institute and
the SEER staff for providing this invaluable database.

CONFLICTS OF INTEREST

The authors declare that they have no conflict of
interest.

FUNDING

This work was supported by the National Science
Foundation of China (grants numbers 81773555 to
FZM). The content is solely the authors’ responsibility
and does not represent the official views of the NSFC.
The role of the funder: The funders had no role in the
design and conduct of the study; collection,
management, analysis, and interpretation of the data;
preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

REFERENCES

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019.
CA Cancer J Clin. 2019; 69:7-34.
https://doi.org/10.3322/caac.21551
PMID:30620402

2. Miller KD, Nogueira L, Mariotto AB, Rowland JH,
Yabroff KR, Alfano CM, Jemal A, Kramer JL, Siegel RL.
Cancer treatment and survivorship statistics, 2019.
CA Cancer J Clin. 2019; 69:363-85.
https://doi.org/10.3322/caac.21565
PMID:31184787

3. Zwahlen DR, Ruben JD, Jones P, Gagliardi F, Millar JL,
Schneider U. Effect of intensity-modulated pelvic
radiotherapy on second cancer risk in the
postoperative treatment of endometrial and cervical
cancer. Int J Radiat Oncol Biol Phys. 2009; 74:539-45.
https://doi.org/10.1016/].ijrobp.2009.01.051
PMID:19427555

4.

10.

11.

12.

National Comprehensive Cancer Network. NCCN
Clinical Practice Guidelines in Oncology. Cervical
Cancer, Version 1. 2021.

Desai AP, Go RS, Poonacha TK. Category of evidence
and consensus underlying National Comprehensive
Cancer Network guidelines: Is there evidence of
progress? IntJ Cancer. 2021; 148:429-36.
https://doi.org/10.1002/ijc.33215

PMID:32674225

Brown AP, Neeley ES, Werner T, Soisson AP, Burt RW,
Gaffney DK. A population-based study of subsequent
primary malignancies after endometrial cancer:
genetic, environmental, and treatment-related
associations. Int J Radiat Oncol Biol Phys. 2010;
78:127-35.
https://doi.org/10.1016/].ijrobp.2009.07.1692
PMID:19910129

Nelson RA, Lai LL. Elevated risk of human
papillomavirus-related second cancers in survivors of
anal canal cancer. Cancer. 2017; 123:4013-21.
https://doi.org/10.1002/cncr.30828

PMID:28608917

Sud A, Thomsen H, Sundquist K, Houlston RS,
Hemminki K. Risk of Second Cancer in Hodgkin
Lymphoma Survivors and Influence of Family History.
J Clin Oncol. 2017; 35:1584-90.
https://doi.org/10.1200/JC0.2016.70.9709
PMID:28384078

Underwood JM, Rim SH, Fairley TL, Tai E, Stewart SL.
Cervical cancer survivors at increased risk of
subsequent tobacco-related malignancies, United
States 1992-2008. Cancer Causes Control. 2012;
23:1009-16.
https://doi.org/10.1007/s10552-012-9957-2
PMID:22588679

Papatla K, Halpern MT, Hernandez E, Brown J,
Benrubi D, Houck K, Chu C, Rubin S. Second primary
anal and oropharyngeal cancers in cervical cancer
survivors. Am J Obstet Gynecol. 2019; 221:478.e1-€6.
https://doi.org/10.1016/j.ajog.2019.05.025
PMID:31128108

Suk R, Mahale P, Sonawane K, Sikora AG, Chhatwal J,
Schmeler KM, Sigel K, Cantor SB, Chiao EY, Deshmukh
AA. Trends in Risks for Second Primary Cancers
Associated With Index Human Papillomavirus-
Associated Cancers. JAMA Netw Open. 2018;
1:e181999.
https://doi.org/10.1001/jamanetworkopen.2018.1999
PMID:30646145

Akhmedkhanov A, Zeleniuch-Jacquotte A, Toniolo P.
Role of exogenous and endogenous hormones in
endometrial cancer: review of the evidence and

www.aging-us.com

3845

AGING


https://doi.org/10.3322/caac.21551
https://pubmed.ncbi.nlm.nih.gov/30620402
https://doi.org/10.3322/caac.21565
https://pubmed.ncbi.nlm.nih.gov/31184787
https://doi.org/10.1016/j.ijrobp.2009.01.051
https://pubmed.ncbi.nlm.nih.gov/19427555
https://doi.org/10.1002/ijc.33215
https://pubmed.ncbi.nlm.nih.gov/32674225
https://doi.org/10.1016/j.ijrobp.2009.07.1692
https://pubmed.ncbi.nlm.nih.gov/19910129
https://doi.org/10.1002/cncr.30828
https://pubmed.ncbi.nlm.nih.gov/28608917
https://doi.org/10.1200/JCO.2016.70.9709
https://pubmed.ncbi.nlm.nih.gov/28384078
https://doi.org/10.1007/s10552-012-9957-2
https://pubmed.ncbi.nlm.nih.gov/22588679
https://doi.org/10.1016/j.ajog.2019.05.025
https://pubmed.ncbi.nlm.nih.gov/31128108
https://doi.org/10.1001/jamanetworkopen.2018.1999
https://pubmed.ncbi.nlm.nih.gov/30646145

13.

14.

15.

16.

17.

18.

19.

research perspectives. Ann N Y Acad Sci. 2001;
943:296-315.
https://doi.org/10.1111/j.1749-6632.2001.tb03811.x
PMID:11594550

Raglan O, Kalliala I, Markozannes G, Cividini S, Gunter
MJ, Nautiyal J, Gabra H, Paraskevaidis E, Martin-
Hirsch P, Tsilidis KK, Kyrgiou M. Risk factors for
endometrial cancer: An umbrella review of the
literature. Int J Cancer. 2019; 145:1719-30.
https://doi.org/10.1002/ijc.31961

PMID:30387875

Berrington de Gonzalez A, Curtis RE, Kry SF, Gilbert E,
Lamart S, Berg CD, Stovall M, Ron E. Proportion of
second cancers attributable to radiotherapy
treatment in adults: a cohort study in the US SEER
cancer registries. Lancet Oncol. 2011; 12:353-60.
https://doi.org/10.1016/5S1470-2045(11)70061-4
PMID:21454129

Adjei Boakye E, Buchanan P, Hinyard L, Osazuwa-
Peters N, Simpson MC, Schootman M, Piccirillo JF.
Trends in the risk and burden of second primary
malignancy among survivors of smoking-related
cancers in the United States. Int J Cancer. 2019;
145:143-53.

https://doi.org/10.1002/ijc.32101

PMID:30613963

Papatla K, Houck KL, Hernandez E, Chu C, Rubin S.
Second primary uterine malignancies after radiation
therapy for cervical cancer. Arch Gynecol Obstet.
2019; 300:389-94.
https://doi.org/10.1007/s00404-019-05187-9
PMID:31069490

Warschkow R, Giller U, Cerny T, Schmied BM,
Plasswilm L, Putora PM. Secondary malignancies
after rectal cancer resection with and without
radiation therapy: A propensity-adjusted,
population-based SEER analysis. Radiother Oncol.
2017; 123:139-46.
https://doi.org/10.1016/j.radonc.2017.02.007
PMID:28285840

Viens LJ, Henley SJ, Watson M, Markowitz LE, Thomas
CC, Thompson TD, Razzaghi H, Saraiya M. Human
Papillomavirus-Associated Cancers - United States,
2008-2012. MMWR Morb Mortal Wkly Rep. 2016;
65:661—6.
https://doi.org/10.15585/mmwr.mm6526al
PMID:27387669

Lim MC, Won YJ, Lim J, Kim YJ, Seo SS, Kang S, Lee ES,
Oh JH, Kim JY, Park SY. Second Primary Cancer after
Diagnosis and Treatment of Cervical Cancer. Cancer
Res Treat. 2016; 48:641-9.
https://doi.org/10.4143/crt.2014.326
PMID:26194366

20.

21.

22.

23.

24,

25.

26.

27.

28.

Brown SB, Hankinson SE. Endogenous estrogens and
the risk of breast, endometrial, and ovarian cancers.
Steroids. 2015; 99:8-10.
https://doi.org/10.1016/j.steroids.2014.12.013
PMID:25555473

Andersson T, Alfredsson L, Kallberg H, Zdravkovic S,
Ahlbom A. Calculating measures of biological
interaction. Eur J Epidemiol. 2005; 20:575-9.
https://doi.org/10.1007/s10654-005-7835-x
PMID:16119429

VanderWeele TJ. The Interaction Continuum.
Epidemiology. 2019; 30:648-58.
https://doi.org/10.1097/EDE.0000000000001054

PMID:31205287

Rose Ragin CC, Taioli E. Second primary head and
neck tumor risk in patients with cervical cancer--SEER
data analysis. Head Neck. 2008; 30:58-66.
https://doi.org/10.1002/hed.20663

PMID:17657793

Chaturvedi AK, Engels EA, Gilbert ES, Chen BE, Storm
H, Lynch CF, Hall P, Langmark F, Pukkala E, Kaijser M,
Andersson M, Fossa SD, Joensuu H, et al. Second
cancers among 104,760 survivors of cervical cancer:
evaluation of long-term risk. J Natl Cancer Inst. 2007;
99:1634-43.

https://doi.org/10.1093/jnci/djm201

PMID:17971527

Zhou B, Yang L, Sun Q, Cong R, Gu H, Tang N, Zhu H,
Wang B. Cigarette smoking and the risk of
endometrial cancer: a meta-analysis. Am J Med.
2008; 121:501-8.e3.
https://doi.org/10.1016/j.amjmed.2008.01.044
PMID:18501231

Neumann F, Jégu J, Mougin C, Prétet JL, Guizard AV,
Lap6tre-Ledoux B, Bara S, Bouvier V, Colonna M,
Troussard X, Trétarre B, Grosclaude P, Velten M,
Woronoff AS. Risk of second primary cancer after a
first potentially-human papillomavirus-related
cancer: A population-based study. Prev Med. 2016;
90:52-8.
https://doi.org/10.1016/j.ypmed.2016.06.041
PMID:27370167

Adjei Boakye E, Grubb L, Peterson CE, Osazuwa-
Peters N, Grabosch S, Ladage HD, Huh WK. Risk of

second primary cancers among survivors of
gynecological cancers. Gynecol Oncol. 2020;
158:719-26.

https://doi.org/10.1016/j.ygyno.2020.06.492
PMID:32616403

Teng CJ, Huon LK, Hu YW, Yeh CM, Chao Y, Yang MH,
Chen TJ, Hung YP, Liu CJ. Secondary Primary
Malignancy Risk in Patients With Cervical Cancer in

www.aging-us.com

3846

AGING


https://doi.org/10.1111/j.1749-6632.2001.tb03811.x
https://pubmed.ncbi.nlm.nih.gov/11594550
https://doi.org/10.1002/ijc.31961
https://pubmed.ncbi.nlm.nih.gov/30387875
https://doi.org/10.1016/S1470-2045(11)70061-4
https://pubmed.ncbi.nlm.nih.gov/21454129
https://doi.org/10.1002/ijc.32101
https://pubmed.ncbi.nlm.nih.gov/30613963
https://doi.org/10.1007/s00404-019-05187-9
https://pubmed.ncbi.nlm.nih.gov/31069490
https://doi.org/10.1016/j.radonc.2017.02.007
https://pubmed.ncbi.nlm.nih.gov/28285840
https://doi.org/10.15585/mmwr.mm6526a1
https://pubmed.ncbi.nlm.nih.gov/27387669
https://doi.org/10.4143/crt.2014.326
https://pubmed.ncbi.nlm.nih.gov/26194366
https://doi.org/10.1016/j.steroids.2014.12.013
https://pubmed.ncbi.nlm.nih.gov/25555473
https://doi.org/10.1007/s10654-005-7835-x
https://pubmed.ncbi.nlm.nih.gov/16119429
https://doi.org/10.1097/EDE.0000000000001054
https://pubmed.ncbi.nlm.nih.gov/31205287
https://doi.org/10.1002/hed.20663
https://pubmed.ncbi.nlm.nih.gov/17657793
https://doi.org/10.1093/jnci/djm201
https://pubmed.ncbi.nlm.nih.gov/17971527
https://doi.org/10.1016/j.amjmed.2008.01.044
https://pubmed.ncbi.nlm.nih.gov/18501231
https://doi.org/10.1016/j.ypmed.2016.06.041
https://pubmed.ncbi.nlm.nih.gov/27370167
https://doi.org/10.1016/j.ygyno.2020.06.492
https://pubmed.ncbi.nlm.nih.gov/32616403

29.

30.

31.

32.

33.

34.

35.

Taiwan: A Nationwide Population-Based Study.
Medicine (Baltimore). 2015; 94:e1803.
https://doi.org/10.1097/MD.0000000000001803
PMID:26512575

Zhao H, Jin L, Li Y, Zhang C, Wang R, Li Y, Huang W,
Cui C, Zhang H, Wang H, Ma D, Liao S. Oncofertility:
What can we do from bench to bedside? Cancer Lett.
2019; 442:148-60.
https://doi.org/10.1016/j.canlet.2018.10.023
PMID:30385205

Werner-Wasik M, Schmid CH, Bornstein LE, Madoc-
Jones H. Increased risk of second malignant
neoplasms outside radiation fields in patients with
cervical carcinoma. Cancer. 1995; 75:2281-5.
https://doi.org/10.1002/1097-
0142(19950501)75:9<2281::aid-
cncr2820750915>3.0.co;2-y

PMID:7712437

Arnold M, Liu L, Kenter GG, Creutzberg CL, Coebergh
JW, Soerjomataram |. Second primary cancers in
survivors of cervical cancer in The Netherlands:
Implications for prevention and surveillance.
Radiother Oncol. 2014; 111:374-81.
https://doi.org/10.1016/j.radonc.2014.04.011
PMID:24833558

Travis LB, Gospodarowicz M, Curtis RE, Clarke EA,
Andersson M, Glimelius B, Joensuu T, Lynch CF, van
Leeuwen FE, Holowaty E, Storm H, Glimelius |,
Pukkala E, et al. Lung cancer following chemotherapy
and radiotherapy for Hodgkin's disease. J Natl Cancer
Inst. 2002; 94:182-92.
https://doi.org/10.1093/jnci/94.3.182
PMID:11830608

Rothman KJ. Epidemiology: An Introduction. New
York: Oxford University Press; 2002.

Dracham CB, Shankar A, Madan R. Radiation induced
secondary malignancies: a review article. Radiat
Oncol J. 2018; 36:85-94.
https://doi.org/10.3857/r0j.2018.00290
PMID:29983028

Castle PE. How does tobacco smoke contribute to
cervical carcinogenesis? J Virol. 2008; 82:6084-5.
https://doi.org/10.1128/JV1.00103-08
PMID:18497423

36.

37.

38.

39.

40.

41.

Aguayo F, Mufioz JP, Perez-Dominguez F, Carrillo-
Beltran D, Oliva C, Calaf GM, Blanco R, Nufiez-Acurio
D. High-Risk Human Papillomavirus and Tobacco
Smoke Interactions in Epithelial Carcinogenesis.
Cancers (Basel). 2020; 12:E2201.
https://doi.org/10.3390/cancers12082201
PMID:32781676

Tumban E. A Current Update on Human
Papillomavirus-Associated Head and Neck Cancers.
Viruses. 2019; 11:E922.
https://doi.org/10.3390/v11100922
PMID:31600915

Wang M, Sharma A, Osazuwa-Peters N, Simpson MC,
Schootman M, Piccirillo JF, Huh WK, Adjei Boakye E.
Risk of subsequent malignant neoplasms after an

index potentially-human  papillomavirus  (HPV)-
associated cancers. Cancer Epidemiol. 2020;
64:101649.

https://doi.org/10.1016/j.canep.2019.101649
PMID:31816512

Adjei Boakye E, Wang M, Sharma A, Jenkins WD,
Osazuwa-Peters N, Chen B, Lee M, Schootman M.
Risk of second primary cancers in individuals
diagnosed with index smoking- and non-smoking-
related cancers. J Cancer Res Clin Oncol. 2020;
146:1765-79.
https://doi.org/10.1007/s00432-020-03232-8
PMID:32356175

Abbas KM, van Zandvoort K, Brisson M, Jit M. Effects
of updated demography, disability weights, and
cervical cancer burden on estimates of human
papillomavirus vaccination impact at the global,
regional, and national levels: a PRIME modelling
study. Lancet Glob Health. 2020; 8:e536—44.
https://doi.org/10.1016/52214-109X(20)30022-X
PMID:32105613

Liang F, Zhang S, Xue H, Chen Q. Risk of second
primary cancers in cancer patients treated with
cisplatin: a systematic review and meta-analysis of
randomized studies. BMC Cancer. 2017; 17:871.
https://doi.org/10.1186/s12885-017-3902-4
PMID:29258467

www.aging-us.com

3847

AGING


https://doi.org/10.1097/MD.0000000000001803
https://pubmed.ncbi.nlm.nih.gov/26512575
https://doi.org/10.1016/j.canlet.2018.10.023
https://pubmed.ncbi.nlm.nih.gov/30385205
https://doi.org/10.1002/1097-0142(19950501)75:9%3c2281::aid-cncr2820750915%3e3.0.co;2-y
https://doi.org/10.1002/1097-0142(19950501)75:9%3c2281::aid-cncr2820750915%3e3.0.co;2-y
https://doi.org/10.1002/1097-0142(19950501)75:9%3c2281::aid-cncr2820750915%3e3.0.co;2-y
https://pubmed.ncbi.nlm.nih.gov/7712437
https://doi.org/10.1016/j.radonc.2014.04.011
https://pubmed.ncbi.nlm.nih.gov/24833558
https://doi.org/10.1093/jnci/94.3.182
https://pubmed.ncbi.nlm.nih.gov/11830608
https://doi.org/10.3857/roj.2018.00290
https://pubmed.ncbi.nlm.nih.gov/29983028
https://doi.org/10.1128/JVI.00103-08
https://pubmed.ncbi.nlm.nih.gov/18497423
https://doi.org/10.3390/cancers12082201
https://pubmed.ncbi.nlm.nih.gov/32781676
https://doi.org/10.3390/v11100922
https://pubmed.ncbi.nlm.nih.gov/31600915
https://doi.org/10.1016/j.canep.2019.101649
https://pubmed.ncbi.nlm.nih.gov/31816512
https://doi.org/10.1007/s00432-020-03232-8
https://pubmed.ncbi.nlm.nih.gov/32356175
https://doi.org/10.1016/S2214-109X(20)30022-X
https://pubmed.ncbi.nlm.nih.gov/32105613
https://doi.org/10.1186/s12885-017-3902-4
https://pubmed.ncbi.nlm.nih.gov/29258467

SUPPLEMENTARY MATERIALS
Supplementary Tables
Supplementary Table 1. Interactions between HPV, smoking, and hormone with RT in the potential risk of SPMs

from cervical cancer and endometrial cancer survivors with 60 months latency since the initial primary diagnosis,
SEER, 1988-2015.

A . ) HPV Smoking Hormone

Types of interactions Variables®
Value (95% CI), P Value (95% CI), P Value (95% CI), P

Multiplicative RT in cervical cancer 1.1 (0.7-1.7), "P=10.7 1.5 (1.1-2.1), "P=10.017 0.76 (0.55-1.07), "P=10.12

interactions RT in Endometrial cancer  0.74 (0.53-1.03), *P = 0.07 1.1 (0.8-1.3), " P=0.6 0.90 (0.73-1.11), P =0.33

Additive interactions RT in cervical cancer RERI: 0.20 (-0.70-1.09), *P = 0.67 RERI: 0.55 (0.07-1.03), P = 0.03 RERI: -0.49 (-1.28-0.31), *P =0.23
AP: 0.09 (-0.29-0.46), *P = 0.65 AP: 0.27 (0.06-0.49), “P = 0.01 AP: —0.19 (-0.52-0.15), “P = 0.27
S: 1.2 (0.6-2.5), P =0.7 S:2.2(0.9-5.5), P =0.1 S:0.77 (0.49-1.19), *P=0.24

RT in Endometrial cancer ~ RERI: —0.62 (-1.16-0.07), P = 0.03 RERL -0.11 (-0.50-0.29), P = 0.60 RERL -0.21 (-0.72-0.31), *P = 0.43

AP: -0.44 (-0.90-0.03), *P = 0.06 AP: -0.05 (-0.25-0.15), P =0.61 AP: -0.06 (-0.21-0.09), *P = 0.44
S: 0.40 (0.15-1.04), “P = 0.06 S:0.90 (0.62-1.32), P = 0.60 S:0.92 (0.76-1.13), P = 0.43

Abbreviations: HPV: human papillomavirus; RT: radiotherapy; no RT: not received radiotherapy; SPMs: second primary malignancies; RERI: the relative excess risk due to interaction; AP: the
attribution proportion due to interaction; S: the synergy index. *Interaction terms included RT with HPV/smoking/hormone, respectively. *P for interaction was derived from Cox
regression analyses. #P for interaction was derived from Cox regression analyses and Anderson’s excel table.

Supplementary Table 2. Interactions between smoking with RT in the potential risk of SPMs from cervical cancer
and endometrial cancer survivors with 12 months latency since the initial primary diagnosis, SEER, 1988-2015.

. . . Smoking! Smoking?
Types of interactions Variables
Value (95% Cl), P Value (95% Cl), P
Multiplicative interactions RT in cervical cancer 1.7 (1.3-2.3), "P< 0.001 1.5 (1.1-1.9), "P=0.004
RT in endometrial cancer 1.1 (0.9-1.3), "P=10.5 1.0 (0.9-1.2), "P=0.7
Additive interactions RT in cervical cancer RERI: 0.87 (0.42-1.31),“P<0.001 RERI: 0.54 (0.24-0.84),“P< 0.001
AP: 0.36 (0.21-0.52), /P < 0.001 AP: 0.32 (0.15-0.49), /P < 0.001
S: 2.6 (1.3-5.3), P = 0.006 S:5.1(0.5-55.1),7P=0.18
RT in endometrial cancer RERI: —0.03 (-0.32-0.27), /P = 0.87 RERI: 0.03 (<0.11-0.17), 7P = 0.68
AP: —0.01 (-0.16-0.13), /P = 0.87 AP: 0.03 (-0.13-0.20), /P = 0.68
S: 0.98 (0.74-1.29), 7P = 0.87 S: 0.81 (0.32-2.09), 7P = 0.67

Abbreviations: SPMs: second primary malignancies; SEER: surveillance, epidemiology, and end results; RT: received radiotherapy; RERI: the relative excess risk due to interaction;
AP: the attribution proportion due to interaction; S: the synergy index. “P for interaction was derived from Cox regression analyses. *P for interaction was derived from Cox
regression analyses and Anderson’s excel table. 'Cancers of the esophagus, lung, bronchus, and bladder were classified as potentially smoking-related SPMs. 2Cancers of the
mouth, throat, larynx, esophagus, lung, liver, stomach, pancreas, bladder, kidney, prostate, colon, and rectum were classified as potentially smoking-related SPMs.
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Supplementary Table 3. Potential site SIRs by radiotherapy status of index cervical cancer and endometrial
cancer survivors, SEER, 1988-2015, with 60 months latency since the initial primary diagnosis.

Site of second primary Cervical cancer, RT Endometrial cancer, RT Cervical cancer, no RT Endometrial cancer, no RT
malignancy O/E SIR (95% Cl)* O/E SIR (95% Cl)* O/E SIR (95% Cl)* O/E SIR (95% Cl)*
HPV-related SPMs 46/13 3.5"(2.3-5.0) 61/35 1.8"(1.2-2.3) 57/22 2.6 (1.9-3.3) 112/110 1.0 (0.8-1.3)
Oropharynx 3/2 1.4 (0.34.8) 6/6 1.0 (0.4-2.4) 3/4 0.79 (0.28-2.13) 13/18 0.74 (0.40-1.46)
Female Genital System 30/3 8.9" (6.0-12.7) 29/11 2.6" (1.8-3.8) 37/6 6.6" (4.6-9.1) 33/32 1.0 (0.7-1.4)
Vagina 10/1 16.6" (7.9-30.4) 13/2 7.4" (3.9-12.6) 25/1 26.7° (17.3-39.5) 14/5 2.7 (1.5-4.6)
Vulva 17/2 8.9"(5.2-14.2) 15/7 2.3"(1.3-3.7) 18/19 3.17(1.5-5.8) 18/19 0.94 (0.56-1.48)
Anus, Anal Canal and .

Anorectum 0/2 0.00 (0.00-2.43) 1/4 0.24 (0.01-1.35) 7/3 2.4 (1.0-5.0) 5/13 0.40" (0.13-0.92)
Rectum 13/6 2.1° (1.1-3.6) 25/16 1.6" (1.0-2.3) 10/10 0.99 (0.48-1.82) 60/48 1.3 (1.0-1.6)
Smoking-related SPMs 139/55 2.5 (2.1-3.0) 188/188 1.0 (0.9-1.2) 119/77 1.5" (1.3-1.8) 340/546 0.62" (0.56-0.69)

Esophagus 32 1.7 (0.4-4.9) 6/6 1.1(0.4-2.3) 32 1.2 (0.3-3.6) 9/16 0.55(0.25-1.05)
Lung and Bronchus 115/46 2.5 (2.1-3.0) 130/152 0.85(0.71-1.01) 100/64 1.6" (1.3-1.9) 259/445 0.58" (0.51-0.66)
Bladder 21/8 2.7°(1.7-4.1) 52/30 1.8 (1.3-2.3) 16/11 1.5(0.9-2.4) 72/84 0.85 (0.67-1.08)
Hormone-related SPMs 94/115 0.82" (0.66-1.00) 276/286 0.96 (0.85-1.08) 157/212 0.74" (0.63-0.87) 834/880 0.95 (0.88-1.01)
Female Breast 77/105 0.73" (0.58-0.92) 272/259 1.1 (0.9-1.2) 147/194 0.76" (0.64-0.89) 808/797 1.0 (1.0-1.1)
Ovary 17/10 1.7 (1.0-2.7) 4/28 0.14" (0.04-0.37) 10/18 0.56 (0.27-1.03) 26/83 0.317 (0.20-0.46)

Abbreviations: SIR: standardized incidence ratio; SEER: surveillance, epidemiology, and end results; SPMs: second primary malignancies; RT: radiotherapy; no RT: not received
radiotherapy; Cl: confidence interval; O: observed number of cancer patients; E: expected nhumber of cancer patients; HPV: human papillomavirus. *P value of SIR < 0.05 was
considered significant. #The 95% Cl was automatically generated by the SEER MP-SIR.
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Supplementary Table 4. Potential site SIRs by radiotherapy status of index cervical cancer and endometrial cancer
survivors received hysterectomy and/or ovariectomy, SEER, 1988-2015, with 12 months latency since the initial
primary diagnosis.

Site of second primary Cervical cancer, RT Endometrial cancer, RT Cervical cancer, no RT Endometrial cancer, no RT
malignancy O/E SIR (95% CI)* O/E SIR (95% CIy* O/E SIR (95% CIy* O/E SIR (95% Cl)*
HPV-related SPMs 24/6 3.7°(2.3-5.4) 99/60 1.6" (1.3-1.9) 55/22 2.57(1.9-3.2) 191/172 1.1(1.0-1.3)
Oropharynx 1/1 0.85(0.12-4.36) 7/10 0.70 (0.30-1.38) 4/3 1.2 (0.5-2.7) 19/30 0.63 (0.39-1.02)
Female Genital System 16/2 9.8" (5.6-16.0) 47/17 2.7°(2.0-3.6) 37/6 6.8" (4.8-9.3) 80/48 1.7 (1.3-2.1)
Vagina 71 24.6" (9.9-50.6) 21/3 7.5 (4.6-11.4) 29/1 31.6" (21.2-45.4) 47/8 6.1" (4.5-8.1)
Vulva 91 9.8" (4.5-18.6) 25/10 2.4" (1.6-3.6) 5/3 1.6 (0.5-3.8) 29/28 1.0 (0.7-1.5)
Anus, Anal Canal and 0/1 0.00 (0.00-4.82) 3/7 0.45 (0.09-1.31) 4/3 1.5(0.4-3.7) 9/19 0.47" (0.21-0.69)
Anorectum
Rectum 8/3 2.7°(1.2-5.3) 4127 1.5" (1.1-2.1) 10/10 1.0 (0.5-1.9) 83/75 1.1(0.7-1.4)
Smoking-related SPMs 64/25 2.6"(2.0-3.3) 315/301 1.1 (1.0-1.2) 126/76 1.7° (1.4-2.0) 582/810 0.72" (0.66-0.78)
Esophagus 1/1 1.3 (0.0-7.0) 9/9 0.99 (0.45-1.88) 12 0.42 (0.01-2.32) 18/24 0.74 (0.44-1.17)
Lung and Bronchus 0/1 0.00 (0.00-5.94) 11/9 1.3 (0.6-2.3) 108/63 1.7° (1.4-2.1) 12/23 0.53" (0.27-0.92)
Bladder 14/4 4.0° (2.2-6.8) 71/46 1.5" (1.2-1.9) 17/11 1.6 (0.9-2.6) 115/124 0.93 (0.77-1.12)
Hormone-related SPMs 41/60 0.68" (0.49-0.92) 472/486 0.97 (0.89-1.06) 155/212 0.73" (0.62-0.85) 1360/1389 0.98 (0.93-1.03)
Female Breast 36/55 0.66" (0.46-0.91) 462/439 1.1 (1.0-1.2) 145/195 0.75" (0.63-0.88) 1308/1258 1.0 (0.9-1.1)
Ovary 5/5 0.96 (0.31-2.24) 10/46 0.22" (0.10-0.40) 10/18 0.55 (0.27-1.02) 52/131 0.40" (0.30-0.52)

Abbreviations: SIR: standardized incidence ratio; SEER: surveillance, epidemiology, and end results; RT: radiotherapy; no RT: not received radiotherapy; Cl: confidence interval;
SPMs: second primary malignancies; O: observed number of cancer patients; E: expected number of cancer patients; HPV: human papillomavirus. $Hysterectomy and/or
ovariectomy: total hysterectomy, modified radical or extended hysterectomy, radical hysterectomy, extended radical hysterectomy with/without removal of tubes and ovaries.
*P value of SIR < 0.05 was considered significant. #The 95% Cl was automatically generated by the SEER MP-SIR.

Supplementary Table 5. Potential site SIRs sub-grouped by median age of index cervical cancer and endometrial
cancer survivors, SEER, 1988-2015, with 12 months latency since the initial primary diagnosis.

Site of second primary Cervical cancer, age’ < 44 Cervical cancer, age® > 44 Endometrial cancer, age® < 62 Endometrial cancer, age® > 62
malignancy O/E SIR (95% C)* O/E SIR (95% Cl)* O/E SIR (95% Cl)* O/E SIR (95% Cl)*
HPV-related SPMs 45/15 3.0 (2.0-4.3) 106/33 327 (2.54.1) 125/97 1.3" (1.0-1.6) 174/141 1.2" (1.1-1.4)
Oropharynx 3/3 1.2(0.2-3.8) 8/5 1.5(0.6-3.2) 16/18 0.90 (0.44-1.58) 13/20 0.64 (0.32-1.18)
Female Genital System 32/4 8.7" (6.0-12.3) 67/8 7.9" (6.1-10.1) 49/25 2.0" (1.5-2.6) 81/42 1.9 (1.5-2.4)
Vagina 18/1 32.0" (19.0-50.6) 392 25.0" (17.8-34.1) 28/4 7.2" (4.8-10.4) 42/7 5.9" (4.3-8.0)
Vulva 13/2 6.1" (3.2-10.4) 23/5 4.8"(3.0-7.2) 18/13 1.4 (0.8-2.1) 37/27 1.4 (1.0-1.9)
Anus, Anal Canal and N N
Anorectum 4/2 1.9 (0.5-4.7) 6/4 1.7 (0.6-3.6) 6/13 0.46" (0.17-1.00) 6/14 0.437 (0.16-0.94)
Rectum 77 1.1(0.4-2.2) 26/16 1.6" (1.0-2.4) 54/41 1.3 (1.0-1.7) 77/66 1.2 (0.9-1.5)
Smoking-related SPMs 85/30 2.9"(2.3-3.6) 336/151 22" (2.0-2.5) 303/390 0.78" (0.69-0.87) 631/767 0.82" (0.76-0.89)
Esophagus 111 0.99 (0.02-5.50) 9/5 1.9 (0.9-3.5) 5/11 0.46 (0.15-1.07) 24/24 1.0 (0.6-1.5)
Lung and Bronchus 66/25 2.7"(2.1-3.4) 281/125 2.3"(2.0-2.5) 236/327 0.72" (0.63-0.82) 474/619 0.77" (0.70-0.84)
Bladder 18/4 44" (2.6-7.0) 46/21 22" (1.6-2.9) 62/53 1.2 (0.9-1.5) 133/125 1.1(0.9-1.3)
Hormone-related SPMs 136/164 0.83" (0.69-0.98) 204/288 0.71" (0.62-0.81) 825/928 0.89" (0.83-0.95) 1081/1027 1.1 (1.0-1.1)
Female Breast 121/152 0.80" (0.66-0.95) 179/261 0.69" (0.59-0.79) 786/848 0.93" (0.86-0.99) 1046/922 1.1"(1.1-1.2)
Ovary 15/13 1.2(0.7-1.9) 25/26 0.95 (0.61-1.40) 39/80 0.49" (0.35-0.67) 35/105 0.33"(0.23-0.46)

Abbreviations: SIR: standardized incidence ratio; SEER: surveillance, epidemiology, and end results; Cl: confidence interval; O: observed number of cancer patients; E: expected
number of cancer patients; SPMs: second primary malignancies; HPV: human papillomavirus. *Median age in cervical cancer was 44 years old. #Median age in endometrial cancer
was 62 years old. “P value of SIR < 0.05 was considered significant. *The 95% CI was automatically generated by the SEER MP-SIR.

WWwWw.aging-us.com 3850 AGING



Supplementary Table 6. Potential site SIRs sub-grouped by different latency of index cervical cancer survivors, SEER,
1988-2015.

Site of second primary 12-35 months 36-59 months 60-119 months 120+ months
malignancy O/E SIR (95% CIy* O/E SIR (95% CI)* O/E SIR (95% CI)* O/E SIR (95% CIl)*
HPV-related SPMs 34/6 5.1" (3.5-7.0) 14/5 2.57 (1.44.0) 45/12 3.7 (2.9-5.1) 55/22 2.57(2.0-3.3)
Oropharynx 4/1 3.5"(1.1-8.2) 2/1 1.7 (0.3-6.0) 12 0.48 (0.11-2.23) 6/4 1.5 (0.6-3.1)
Female Genital System 252 14.9" (9.7-22.1) 7/1 4.8"(2.0-10.0) 35/3 11.2" (7.8-15.5) 32/6 5.5"(3.7-1.7)
Vagina 20/0 63.7" (38.9-98.5) 2/0 7.5 (1.0-27.0) 19/1 33.3%(20.0-52.0) 16/1 16.4" (9.4-26.7)
Vulva 4/1 4.17 (1.1-10.6) 5/1 6.0" (1.9-13.9) 14/2 7.6" (4.2-12.8) 13/3 4.0" (2.1-6.8)
Anus, Anal Canal and 2/1 2.8 (0.3-10.2) 11 1.6 (0.0-8.9) 2/1 1.4 (0.2-5.0) 5/3 1.7 (0.6-3.9)
Anorectum
Rectum 4/3 1.2 (0.3-3.1) 5/3 1.8 (0.6-4.1) 10/6 1.6 (0.8-3.0) 14/10 1.4 (0.8-2.3)
Smoking-related SPMs 98/26 3.8"(3.1-4.7) 65/22 3.0"(2.3-3.8) 101/48 2.1% (1.7-2.6) 157/85 1.8" (1.6-2.2)
Esophagus 2/1 2.3(0.3-8.1) 2/1 2.7(0.3-9.7) 2/2 1.3 (0.2-4.6) 4/3 1.5 (0.4-3.6)
Lung and Bronchus 81/21 3.8"(3.1-4.8) 51/18 2.8"(2.1-3.7) 95/39 2.4* (2.0-3.0) 120/71 1.7* (1.4-2.0)
Bladder 15/4 41" (2.3-6.8) 12/3 3.9 (2.0-6.7) 477 0.59 (0.16-1.52) 33/12 2.8"(1.9-3.9)
Hormone-related SPMs 48/66 0.72" (0.53-0.96) 40/57 0.70" (0.50-0.95) 117/124  0.95(0.78-1.14) 135/205 0.66" (0.55-0.78)
Female Breast 41/60 0.68" (0.49-0.92) 35/52 0.67* (0.47-0.93) 102/113  0.90 (0.74-1.10) 122/187 0.65" (0.54-0.78)
Ovary /6 1.2 (0.5-2.4) 5/5 0.99 (0.32-2.30) 15/11 1.4 (0.8-2.3) 13/17 0.75 (0.40-1.28)

Abbreviations: SIR: standardized incidence ratio; SEER: surveillance, epidemiology, and end results; Cl: confidence interval; O: observed number of cancer patients; E: expected
number of cancer patients; SPMs: second primary malignancies; HPV: human papillomavirus. “P value of SIR <0.05 was considered significant. #The 95% Cl was automatically
generated by the SEER MP-SIR.

Supplementary Table 7. Potential site SIRs sub-grouped by different latency of index endometrial cancer survivors,
SEER, 1988-2015.

Site of second primary 12-35 months 36-59 months 60-119 months 120+ months
malignancy O/E SIR (95% Cl* O/E SIR (95% Cl)* O/E SIR (95% Cl)* O/E SIR (95% Cl)*
HPV-related SPMs 72/49 147 (1.1-1.8) 49/39 1.2 (0.9-1.6) 92/78 1.2 (1.0-1.5) 83/71 1.2 (0.9-1.4)
Oropharynx 2/8 0.217 (0.0-0.7) 8/7 1.1(0.6-2.2) 12/13 0.95 (0.54-1.59) 8/11 0.76 (0.38-1.41)
Female Genital System 42/13 33" (2.4-4.4) 25/11 2.3"(1.5-3.3) 27/21 1.3 (0.8-1.8) 36/22 1.6" (1.1-2.3)
Vagina 33/2 0.70 (0.47-1.01) 10/2 5.4"(2.6-9.9) 13/4 3.7 (2.0-6.3) 14/3 4.1° (2.3-6.9)
Vulva 9/8 15.2" (10.5-21.3) 12/7 1.8 (1.0-3.2) 12/13 0.94 (0.49-1.65) 22/13 1.7° (1.0-2.5)
Anus, Anal Canal and .

Anorectum 3/5 0.55 (0.11-1.60) 3/5 0.64 (0.13-1.88) 5/9 0.57 (0.19-1.34) 1/8 0.12" (0.00-0.69)
Rectum 27/23 1.2 (0.8-1.7) 17/19 0.87 (0.51-1.40) 49/35 1.4" (1.0-1.9) 38/29 1.3 (0.9-1.8)
Smoking-related SPMs 207/225 0.92 (0.80-1.05) 195/195 1.0 (0.9-1.2) 312/375 0.83" (0.74-0.93) 220/362 0.61" (0.53-0.69)
Esophagus 77 1.0 (0.4-2.1) 6/6 1.0 (0.4-2.2) 10/11 0.88 (0.42-1.62) 6/11 0.56 (0.20-1.21)
Lung and Bronchus 161/185 0.87 (0.74-1.02) 347/322 1.1(1.0-1.2) 230/306 0.75" (0.66-0.85) 160/294 0.54" (0.46-0.63)
Bladder 39/33 1.2 (0.8-1.6) 30/29 1.0 (0.7-1.5) 72/57 1.3 (1.0-1.6) 54/57 0.94 (0.71-1.23)
Hormone-related SPMs 428/426 1.0 (0.9-1.1) 363/355 1.0 (0.9-1.1) 650/634 1.0 (1.0-1.1) 465/539 0.86" (0.79-0.95)
Female Breast 400/387 1.0 (0.9-1.1) 347/322 1.1 (1.0-1.2) 632/574 1.1° (1.0-1.2) 453/487 0.93 (0.85-1.02)
Ovary 28/40 1.2 (0.5-2.4) 16/33 0.48 (0.27-0.78) 18/60 0.30" (0.18-0.47) 12/51 0.23" (0.12-.0.41)

Abbreviations: SIR: standardized incidence ratio; SEER: surveillance, epidemiology, and end results; Cl: confidence interval; O: observed number of cancer patients; E: expected
number of cancer patients; SPMs: second primary malignancies; HPV: human papillomavirus. *P value of SIR <0.05 was considered significant. *The 95% Cl was automatically
generated by the SEER MP-SIR.
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Supplementary Table 8. Potential site SIRs sub-grouped by stage of index cervical cancer and endometrial cancer
survivors, SEER, 1988-2015, with 12 months latency since the initial primary diagnosis.

Site of second primary Cervical cancer, stage I Cervical cancer, stage I1-1II Endometrial cancer, stage I Endometrial cancer, stage I1-III
malignancy O/E SIR (95% Cl* O/E SIR (95% Cl)* O/E SIR (95% Cl* O/E SIR (95% C*
HPV-related SPMs 80/25 3.0" (2.4-3.8) 38/10 3.57(2.5-4.7) 201/181 1.1 (1.0-1.3) 62/26 2.3"(1.8-3.0)
Oropharynx 9/4 2.1 (1.1-3.6) 111 0.60 (0.20-2.61) 23/32 0.72 (0.47-1.05) 4/4 0.96 (0.33-2.22)
Female Genital System 50/7 7.3"(5.5-9.7) 26/3 9.6" (6.3-14.0) 80/51 1.6" (1.3-2.0) 35/8 4.6" (3.2-6.4)
Vagina 32/1 27.5" (18.8-38.8) 15/0 30.97 (17.3-50.9) 37/8 45" (3.2-6.2) 24/1 19.27 (12.3-28.5)
Vulva 15/4 3.9"(2.2-6.4) 10/2 6.5" (3.1-11.9) 39/30 1.3 (0.9-1.8) 10/4 2.2 (1.14.1)
Anus, Anal Canal and .
Anorectum 6/3 1.8 (0.7-3.9) 0/1 0.00 (0.00-3.01) 8/20 0.397(0.17-0.78) 1/3 0.32(0.01-1.76)
Rectum 15/12 1.2 (0.7-2.0) 11/5 2.2°(1.1-3.9) 90/80 1.1 (0.9-1.4) 22/12 1.8 (1.1-2.8)
Smoking-related SPMs 178/97 1.8" (1.6-2.1) 140/44 32" (2.7-3.8) 637/869 0.73" (0.68-0.79) 161/130 1.2" (1.1-1.5)
Esophagus 3/3 0.96 (0.20-2.8) 4/1 2.8(0.8-7.3) 21/26 0.81 (0.50-1.23) 4/4 1.0 (0.3-2.6)
Lung and Bronchus 145/80 1.8" (1.5-2.1) 112/36 3.17(2.6-3.7) 487/710 0.69" (0.63-0.75) 120/106 1.1(0.9-1.4)
Bladder 30/14 2.2°(1.5-3.2) 24/6 3.9"(2.5-5.8) 129/133 0.97 (0.81-1.15) 37/20 1.9 (1.3-2.6)
Hormone-related SPMs 194/259 0.75" (0.65-0.86) 74/97 0.76" (0.60-0.96) 1447/1464 0.99 (0.94-1.04) 213/225 0.95 (0.83-1.09)
Female Breast 176/237 0.74" (0.64-0.86) 60/88 0.68" (0.52-0.87) 1402/1326 1.1° (1.0-1.1) 204/204 1.0 (0.9-1.2)
Ovary 18/22 0.81 (0.48-1.29) 14/9 1.6 (0.9-2.8) 45/138 0.33" (0.24-0.44) 9/21 0.43 (0.20-0.82)

Abbreviations: SIR: standardized incidence ratio; SEER: surveillance, epidemiology, and end results; Cl: confidence interval; O: observed number of cancer patients; E: expected
number of cancer patients; SPMs: second primary malignancies; HPV: human papillomavirus. *P value of SIR <0.05 was considered significant. *The 95% Cl was automatically
generated by the SEER MP-SIR.
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Supplementary Table 9. Potential site SIRs sub-grouped by different attained age of index cervical cancer survivors,
SEER, 1988-2015, with 12 months latency since the initial primary diagnosis.

Site of second primary 20-39 40-59 60-79 >80
malignancy O/E SIR (95% Cl* O/E SIR (95% Cl)* O/E SIR (95% Cl)* O/E SIR (95% Cl)*
HPV-related SPMs 6/1 5.5"(2.0-12.0) 69/20 3.57(2.8-4.5) 60/21 2.8 (2.1-3.6) 16/6 2.8 (1.6-4.5)
Oropharynx 0/0 0 7/3 2.1(0.84.3) 4/4 1.1(0.3-2.9) 0/1 0
Female Genital System 5/0 13.9" (4.5-32.3) 44/5 9.4" (6.8-12.7) 39/6 6.8" (4.8-9.4) 112 5.7°(2.7-10.5)
Vagina 5/0 106.4" (34.6-248.4) 28/1 37.97 (25.2-54.8) 19/1 19.4" (11.7-30.2) 5/0 15.8" (5.1-37.0)
Vulva 0/0 0 14/3 4.7"(2.4-8.2) 17/3 5.2"(2.9-8.5) 5/2 3.5(1.0-8.9)
Anus, Anal Canal and 1/0 11.5 (0.3-64.0) 4/3 1.5(0.4-3.7) 52 2.1(0.7-5.0) 0/0 0
Anorectum
Rectum 0/0 0 14/8 1.8 (1.0-2.9) 12/10 1.3(0.7-2.3) 5/2 2.1(0.8-4.5)
Smoking-related SPMs 71 7.1 (2.9-14.6) 142/43 3.3"(2.8-3.9) 223/109 2.0° (1.8-2.3) 48/27 1.8"(1.3-2.3)
Esophagus 0/0 0 311 2.0 (0.4-5.9) 7/4 1.8 (0.7-4.0) 0/1 0
Lung and Bronchus 5/1 6.8" (2.2-16.0) 123/36 3.4"(2.8-4.1) 180/91 2.0° (1.7-2.3) 39/20 1.97 (1.3-2.6)
Bladder 2/0 8.7 (1.1-31.6) 16/6 2.8" (1.5-4.6) 36/14 2.5"(1.7-3.4) 9/5 1.7 (0.8-3.2)
Hormone-related SPMs 22/14 1.5(0.9-2.3) 169/210 0.80" (0.68-0.93) 123/190 0.65" (0.54-0.77) 25/37 0.70 (0.44-1.05)
Female Breast 20/13 1.5(0.9-2.3) 150/193 0.77" (0.65-0.90) 112/174 0.64" (0.53-0.78) 18/33 0.55" (0.31-0.89)
Ovary 2/1 1.7 (0.2-6.2) 19/17 1.2 (0.7-1.9) 11/17 0.66 (0.33-1.17) 7/4 1.9 (0.8-3.9)

Abbreviations: SIR: standardized incidence ratio; SPMs: second primary malignancies; SEER: surveillance, epidemiology, and end results; Cl: confidence interval; O: observed
number of cancer patients; E: expected number of cancer patients; SPMs: second primary malignancies; HPV: human papillomavirus. *P value of SIR <0.05 was considered
significant. #The 95% CI was automatically generated by the SEER MP-SIR.

Supplementary Table 10. Potential site SIRs sub-grouped by different attained age of index endometrial cancer
survivors, SEER, 1988-2015, with 12 months latency since the initial primary diagnosis.

Site of second primary 20-39 40-59 60-79 >80
malignancy O/E SIR (95% CIy* O/E SIR (95% CI)* O/E SIR (95% CI)* O/E SIR (95% CI)*
HPV-related SPMs 3/0 10.4" (2.1-30.4) 44/32 1.4 (1.0-1.8) 176/144 1.2° (1.1-1.4) 76/65 1.2 (0.9-1.5)
Oropharynx 0/0 0 4/6 0.70 (0.19-1.78) 19/25 0.76 (0.46-1.19) 6/8 0.79 (0.29-1.71)
Female Genital System 3/0 35.0° (7.2-102.2) 18/7 2.5" (1.5-4.0) 76/40 1.9°(1.5-2.4) 32121 15" (1.0-2.1)
Vagina 2/0 175.8" (21.3-635.0) 11/1 9.3" (4.7-16.7) 45/7 6.7 (4.9-9.1) 12/3 3.5" (1.8-6.1)
Vulva 1/0 21.2(0.5-118.0) 5/4 1.3 (0.4-3.0) 31/22 1.4 (1.0-2.0) 19/15 1.3 (0.8-2.1)
Anus, Anal Canal and 0/0 0 4/5 0.88 (0.24-2.26) 5/17 0.30" (0.10-0.70) 3/6 0.51 (0.10-1.48)
Anorectum
Rectum 0/0 0 18/15 1.2 (0.7-2.0) 76/62 1.2 (1.0-1.5) 34/30 1.2 (0.8-1.6)
Smoking-related SPMs 1/0 4.6 (0.1-25.4) 102/75 14" (1.1-1.7) 565/780 0.73" (0.68-0.80)  260/305 0.86" (0.76-0.97)
Esophagus 0/0 0 12 0.41 (0.01-2.29 17/22 0.83 (0.49-1.32) 10/11 0.90 (0.43-1.65)
Lung and Bronchus 1/0 6.1 (0.2-34.0) 82/64 1.3°(1.1-1.7) 442/651 0.68" (0.62-0.75)  183/233 0.79" (0.68-0.91)
Bladder 0/0 0 19/10 2.0 (1.2-3.0) 106/105 1.0 (0.8-1.2) 67/61 1.1(0.9-1.4)
Hormone-related SPMs 8/4 2.2 (1.0-4.4) 265/318 0.84" (0.74-0.94)  1237/1271  0.98 (0.93-1.03)  385/365 1.1(1.0-1.2)
Female Breast 33 0.90 (0.19-2.63) 243/292 0.84° (0.74-0.95)  1198/1157 1.0 (1.0-1.1) 377321 1.2°(1.1-1.3)
Ovary 5/0 17.9 (5.8-41.7) 22/27 0.81 (0.51-1.23) 39/115 0.34" (0.24-0.46) 8/43 0.19" (0.08-0.37)

Abbreviations: SIR: standardized incidence ratio; SPMs: second primary malignancies; SEER: surveillance, epidemiology, and end results; Cl: confidence interval; O: observed
number of cancer patients; E: expected number of cancer patients; SPMs: second primary malignancies; HPV: human papillomavirus. *P value of SIR <0.05 was considered
significant. #The 95% CI was automatically generated by the SEER MP-SIR.
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Supplementary Table 11. Potential site SIRs by radiotherapy status of index cervical cancer and endometrial cancer
survivors, SEER, 1988-2015, with 12 months latency since the initial primary diagnosis.

Site of second primary

Cervical cancer, RT

Endometrial cancer, RT

Cervical cancer, no RT

Endometrial cancer, no RT

malignancy ' O/E SIR (95% CIy* O/E SIR (95% Cly* O/E SIR (95% CIy* O/E SIR (95% Cly*
Lip 2/0 4.9 (0.6-17.6) 32 1.7 (0.3-4.9) 0/l 0 /5 0
Salivary Gland 1 0.91 (1.02-5.05) 0/4 0 22 1.2 (0.2-4.4) 11/10 1.1 0.6-2.0)
Floor of Mouth 2”1 3.8 (1.5-13.5) 22 12(0.2-4.3) 1 1.4 (0.0-8.0) /4 0.22 (0.01-1.24)
Gum and Other Mouth 12 0.57 (2.01-3.2) 3/7 0.45 (0.09-1.31) 52 2.4 (0.8-5.5) 9/18 0.51* (0.23-0.96)
Nasopharynx 1/0 22(0.1-12.2) 0/l 0 0/l 0 43 1.4 (0.4-3.7)
Hypopharynx 2/0 5.1 (0.6-18.4) 11 0.83 (0.02-4.61) 1/0 2.1 (0.1-11.6) 03 0
Other Oral Cavity and
Pharyn 0/0 0 11 1.8 (0.0-9.7) 0/0 0 02 0
Stomach 11/8 1.4 (8.7-2.6) 20/22 0.9 (0.55-1.39) 78 0.84 (0.34-1.73) 43/59 0.73* (0.53-0.98)
Small Intestine ) 2.9° (2.2-6.0) 12/8 1.5 (0.8-2.7) 1/3 031 (0.01-1.75) 2321 1.1(0.7-1.6)
Cecum 16/10 1.6 (10.9-2.6) 47739 1.2 (0.9-1.6) 9/10 0.87 (0.4-1.65) 109/99 1.1(0.9-1.3)
Appendix 1 1.2 (1.0-6.8) 02 0 0/l 0 57 0.74 (0.24-1.73)
Ascending Colon 10/8 13 (8.6-2.4) 57531 1.9" (1.4-2.4) 3/8 0.37 (0.08-1.07) 94/79 12 (1.0-1.5)
Hepatic Flexure ) 1.9 (2.5-5.0) 13/8 1.6 (0.9-2.8) 22 0.94 (0.11-3.38) 33120 16" (1.1-2.3)
Transverse Colon 5/4 13 (4.4-3.1) 23/15 1.5 (1.0-2.3) 3/4 0.73 (0.15-2.14) 56/38 15" (1.1-1.9)
Splenic Flexure 1 0.79 (1.02-4.38) 5/4 12 (0.4-2.9) 21 1.4 (0.2-5.1) 12/11 1.1 0.6-2.0)
Descending Colon 3 13 (2.3-3.8) 1077 1.4 (0.7-2.6) 6/3 23 (0.8-4.9) 15/18 0.82 (0.46-1.35)
Sigmoid Colon 14/10 13 (10.7-2.3) 53/32 17" (1.3-2.2) 16/13 13 (0.7-2.1) 113/84 13" (1.1-1.6)
Large Intestine, NOS 6/2 2.6(3.0-5.7) 12/9 13(0.7-2.3) 112 0.43 (0.01-2.42) 1524 0.63 (0.35-1.04)
Rectosigmoid Junction 8/4 2.1(4.9-4.1) 2/11 1.9" (1.2-2.9) 3/5 0.63 (0.13-1.85) 36/30 1.2 (0.8-1.6)
Liver 25 0.4 (5.05-1.59) 12/13 0.91 (0.47-1.58) 75 13 (0.5-2.7) 36/37 0.98 (0.69-1.36)
Gallbladder 2 1.0 2.1-3.7) 6/7 0.88 (0.32-1.92) 31 1.4 (0.3-4.1) 13/18 0.73 (0.39-1.24)
Intrahepatic Bile Duct 1 0.92 (1.02-5.15) 4/4 1.0 (0.3-2.6) 0/l 0 1/11 1.0 (0.5-1.8)
Other Biliary 12 0.53 (2.01-2.94) 9/7 12 (0.6-2.4) 02 0 15/19 0.78 (0.43-1.28)
Pancreas 21115 1.4 (15.9-2.1) 46/56 0.81 (0.6-1.09) 417 024 (0.07-0.61)  143/149  0.96 (0.81-1.13)
Retroperitoneum 0/0 0 11 0.77 (0.02-4.28) 21 3.0 (0.4-10.9) 24 0.55 (0.07-1.99)
Peritoneum, Omentum N
and Mesentry 21 1.6 (1.2-5.9) 35 0.61 (0.13-1.79) 22 13 (0.2-4.5) 28/13 2.1° (1.4-3.0)
Other Digestive Organs 31 42(1.9-12.3) 53 1.8 (0.6-4.2) 21 2.4 (0.3-8.6) 71 0.94 (0.38-1.94)
E‘:ZZ’EE&:I Cavity and o1 0 42 1.9 (0.5-4.9) 1 1.2 (0.0-6.6) 5/6 0.88 (0.29-2.06)
Larynx 2 12 2.1-4.1) 75 1.4 (0.6-2.9) 62 2.6 (1.0-5.7) 714 0.51 (0.21-1.05)
Pleura 0/0 0 1/0 9.2 (0.2-51.2) 0/0 0 0/0 0
Trachea 0/0 0 1/0 5.2(0.1-29.2) 0/0 0 o1 0
iﬁ;;?;’%ig:ﬂ?h“ 0/0 0 0/0 0 0/0 0 2/0 4.9 (0.6-17.6)
Bones and Joints 2”1 3.7 (14-13.3) 11 0.68 (0.02-3.78) 0/l 0 24 0.48 (0.06-1.74)
Soft Tissue including N
o 973 3.4° (3.5-6.4) 11/8 13 (0.7-2.4) 4/4 1.0 (0.3-2.6) 2223 0.96 (0.6-1.45)
Melanoma of the Skin 11/16 0.68 (16.34-1.22) 52/54 0.97 (0.72-1.27) 16/31 051" (0.29-0.83)  136/153  0.89 (0.75-1.05)
Other Non-Epithelial Skin 12 0.64 (2.02-3.57) 96 1.4 (0.7-2.7) 22 0.89 (0.11-3.21) 21117 12 (0.8-1.9)
Prostate 0/0 0 0/0 0 0/0 0 0/0 0
Testis 0/0 0 0/0 0 0/0 0 0/0 0
Penis 0/0 0 0/0 0 0/0 0 0/0 0
g};;:/lalc Genital 0/0 0 0/0 0 0/0 0 0/0 0
Kidney 12/11 1.1 (11.6-1.9) 4137 1.1 (0.8-1.5) 15/16 0.97 (0.54-1.59)  110/101 1.1(0.9-1.3)
Renal Pelvis 1 1.1 (1.0-6.3) 4/4 1.0 (0.3-2.6) 11 1.1 0.0-5.9) 15/10 1.5 (0.8-2.4)
Ureter 2/0 4.0 (0.5-14.6) 62 2.8° (1.0-6.0) 31 5.97(1.2-17.1) 4/6 0.71 (0.19-1.81)
Other Urinary Organs 2/0 7.8 (0.9-28.1) 11 1.1 (0.0-6.0) 0/0 0 51 2.0 (0.7-4.7)
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Eye and Orbit - Non-

0/0 0 0/0 0 0/0 0 1/1 1.3 (0.0-7.3)
Melanoma
E d Orbit -

ye and Lot o1 0 42 1.8 (0.5-4.5) 1 1.0 (0.0-5.8) 4/6 0.64 (0.17-1.63)

Melanoma
Brain 5/5 1.1 (5.3-2.5) 21/16 1.3 (0.8-2.0) 4/7 0.55 (0.15-1.4) 23/44 0.53"(0.34-0.79)
Cranial Nerves Other

1/0 3.1(0.1-17.4) 0/1 0 0/1 0 4/2 1.8 (0.54.6)
Nervous System
Thyroid 13/14 0.93 (14.5-1.59) 41/29 1.4° (1.0-1.9) 19/30 0.64 (0.39-1) 99/91 1.1 (0.9-1.3)
Thymus 1/0 2.9 (0.1-16.1) 11 1.1 (0.0-6.1) 0/1 0 23 0.77 (0.09-2.78)
Adrenal Gland 0/0 0 2/1 3.5(0.4-12.7) 0/0 0 0/2 0
Other Endocrine 0/0 0 0/0 0 0/0 0 0/1 0
Mesothelioma 1/0 2.1(0.1-11.7) 12 0.50 (0.01-2.8) 2/1 3.3 (0.4-12.0) 4/5 0.76 (0.21-1.95)
Kaposi Sarcoma 0/0 0 0 0 1/0 6.8 (0.2-37.7) 2/1 1.8 (0.2-6.6)

Abbreviations: SIR: standardized incidence ratio; SEER: surveillance, epidemiology, and end results; RT: radiotherapy; no RT: not received radiotherapy; Cl: confidence interval;
0: observed number of cancer patients; E: expected number of cancer patients. *P value of SIR <0.05 was considered significant. “The 95% Cl was automatically generated by the SEER
MP-SIR. *Cancers site SIR of the tongue, tonsil, oropharynx, vagina, vulva, anus, rectum, esophagus, lung and bronchus, bladder, female breast, and ovary were showed in manuscript.
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