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Purpose: This study aimed to characterize the clinical features of early-stage ovarian
cancer (OC) survivors with second primary malignancies (SPMs) and provided a prediction
tool for individualized risk of developing SPMs.

Methods: Data were obtained from the Surveillance, Epidemiology and End Results
(SEER) database during 1998–2013. Considering non-SPM death as a competing event,
the Fine and Gray model and the corresponding nomogram were used to identify the
risk factors for SPMs and predict the SPM probabilities after the initial OC diagnosis.
The decision curve analysis (DCA) was performed to evaluate the clinical utility of our
proposed model.

Results: A total of 14,314 qualified patients were enrolled. The diagnosis rate and the
cumulative incidence of SPMs were 7.9% and 13.6% [95% confidence interval (CI) =
13.5% to 13.6%], respectively, during the median follow-up of 8.6 years. The multivariable
competing risk analysis suggested that older age at initial cancer diagnosis, white race,
epithelial histologic subtypes of OC (serous, endometrioid, mucinous, and Brenner tumor),
number of lymph nodes examined (<12), and radiotherapy were significantly associated
with an elevated SPM risk. The DCA revealed that the net benefit obtained by our
proposed model was higher than the all-screening or no-screening scenarios within a
wide range of risk thresholds (1% to 23%).

Conclusion: The competing risk nomogram can be potentially helpful for assisting
physicians in identifying patients with different risks of SPMs and scheduling risk-
adapted clinical management. More comprehensive data on treatment regimens and
patient characteristics may help improve the predictability of the risk model for SPMs.
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INTRODUCTION

Ovarian cancer (OC) is the third most common tumor among
gynecological malignancies with an estimated 21,410 new cases
diagnosed in the United States in 2021 (1). Attributed to the
advancements in tumor early detection approaches and efforts of
screening programs, more patients are being diagnosed at an
early stage (stages I–II), resulting in an increasing number of
tumor survivors (2). The risk of second primary malignancies
(SPMs) among those survivors is becoming a major concern for
survival rather than the initial malignancy (3). An investigation
of the characteristics and risk of SPMs in cancer survivors may
help in the screening and early diagnosis of SPMs.

Previous studies have found that OC survivors have a higher
risk of SPMs than the general population (4–7), especially those
with early-stage disease (7). However, the characteristics and risk
factors for SPMs in OC patients have not been well studied. A
case–control study based on 2 oncology hospitals in Europe and
11 population-based cancer registries in Canada and Europe
found that the risk of subsequent leukemia was associated with
different treatment regimens (8). A Swedish register-based study
indicated that a family history of particular cancer contributed to
an elevated risk of SPMs at the same site for OC patients (9).
Using the Cox proportion hazard model, a study in Taiwan
reported that older age, chemotherapy, and radiotherapy were
risk factors for SPMs in patients with OC (6). However, these
studies mainly focused on a specific risk factor, or did not
consider non-SPM death as a competing event for SPMs,
which was subject to a biased estimate of cumulative incidence
(10). Additionally, a system that can quantitatively estimate the
probability of developing SPMs for OC individuals has not been
established yet, especially in early-stage patients, for whom
routine monitoring and screening of SPMs may yield greater
health economic benefits compared with metastatic OC patients.

We carried out a population-based cohort using data from the
Surveillance, Epidemiology, and End Results (SEER) database.
Using the Fine and Gray model with consideration of competing
events, our study aimed to (1) estimate the cumulative incidence
of SPMs in early-stage OC survivors; (2) explore related risk
factors of SPMs; and (3) construct a competing-risk nomogram
to predict individual 3-, 5-, and 10-year probabilities of SPMs.
MATERIALS AND METHODS

Data Source
Data were obtained from the SEER program of the National
Cancer Institute, which collected data from 18 population-based
cancer registries that covered approximately 28% of the total
United States population (11). The SEER registries collected
information on patient demographics, tumor characteristics,
treatment methods, and follow-up survival data complying
Abbreviations: OC, ovarian cancer; SPMs, second primary malignancies; SEER,
Surveillance, Epidemiology and End Results; DCA, decision curve analysis;
OOPM, only one primary malignancy; CI, confidence interval; sHR,
subdistribution hazard ratio.
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with the strict data-quality indicators. Thus, the SEER database
is the largest cancer database worldwide and the most
authoritative source of cancer statistics in the US.

Study Population
The patients were identified according to the 3rd edition of the
International Classification of Disease for Oncology (ICD-O-3/
WHO 2008), and the initial cancer site was restricted to “Ovary”.
The last follow-up date for the latest SEER data was 31 December
2018, and the treatment information on whether to receive
surgery, chemotherapy, and radiotherapy was only available
since 1998. Therefore, we included patients diagnosed between
1 January 1998 and 31 December 2013 to ensure at least a 5-year
follow-up to observe the risk of developing SPMs. The tumor
stage was recoded according to the 8th edition of the AJCC
cancer staging manual (12) based on primary tumor, regional
node, and distant metastasis stages (Supplementary Table 1).
The patients whose lesions outside the pelvis or with distant
metastases (stages III–IV) were excluded from our study. We
also excluded the patients if their (1) age at initial diagnosis was
lower than 18 or higher than 79 years, (2) initial cancer or SPMs
were diagnosed via death certificate or by postmortem due to
unknown survival time, and (3) SPMs occurred within 2 months
after initial diagnosis. Next, the qualified patients with early-
stage OC were divided into two groups: the SPM cohort and the
only one primary malignancy (OOPM) cohort.

Definition of SPMs
The SEER has detailed and standard rules for the diagnosis of
multiple primary tumors, which takes the tumor site of origin,
the time duration of diagnosis, laterality of paired organs, tumor
behavior (in situ vs. invasive), and histological type into
consideration (13). Because heightened screening of cancer
patients during the initial medical workup tends to identify
many simultaneous cancers, a latency of 2 months was set to
further discriminate SPMs from initial cancer as proposed by the
National Cancer Institute (4).

Outcome and Variable Declaration
The primary outcome was the occurrence of SPMs after the
initial OC diagnosis. Overall survival was defined as the period
between the initial cancer diagnosis and death from any cause.
SPM overall survival was referred to as the period between the
diagnosis of SPMs and death from any cause. The demographic
characteristics involved age at initial diagnosis (15–49, 50–64,
and 65–79 years), race (white, black, Asian/Pacific Islander, and
other), and marital status at initial diagnosis (married/domestic
partner, divorced/widowed/separated, and single). Tumor
characteristics included laterality (unilateral, bilateral, and
contralateral), histology (serous, endometrioid, mucinous, clear
cell, Brenner tumor, other epithelial, and non-epithelial)
(Supplementary Table 2) (14, 15), grade (well differentiated,
moderately differentiated, poorly differentiated, and
undifferentiated), AJCC 8th stage (stage I and stage II) (12),
and the number of lymph nodes examined (<12 and ≥12).
Treatment-related variables included surgery (yes and no),
chemotherapy (yes and no), and radiotherapy (yes and no).
May 2022 | Volume 12 | Article 875489
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Statistical Analysis
The characteristics of the OOPM cohort and the SPM cohort
were presented as counts and percentages, and the differences
were compared by Pearson’s chi-square test. The Fine and Gray
subdistribution hazard regression was used to compute the
cumulative incidence of SPMs, and the difference between
subgroups was compared by Gray’s test (16). The Fine and
Gray model combined with the stepwise elimination method
was employed to determine the predictors for SPMs. A
competing-risk nomogram based on the predictors screened
was constructed to provide an individual prediction on 3-, 5-,
and 10-year probabilities of developing SPMs after the initial OC
diagnosis. The calibration curves estimated by the bootstrap
cross-validation method (500 bootstrap resamples) were
plotted to show the accordance of nomogram-predicted
probability and observed probability of SPMs. The
concordance index (C-index) was also calculated to quantify
the predictability of the nomogram. Additionally, decision curve
analysis (DCA) was employed to assess the clinical utility of our
proposed model (17). The clinical utility was assessed by
calculating the net benefit (the weighted sum of true positives
minus the sum of false positives) under various screening
thresholds. If a predictive model yielded a larger net benefit
compared with not applying it during the screening process, it
would be considered as clinically useful.

All analyses were conducted by R software (version 4.1.0, R
Foundation, Vienna, Austria). The packages “crrstep” and
“cmprsk” were used for modeling, and package “rms” was used
for nomogram plotting. A two-sided p-value < 0.05 was
considered statistically significant in all analyses.
RESULTS

Characteristics of Patients Enrolled
During a follow-up of up to 20.9 years (median: 8.6 years,
interquartile range: 5.5–8.8 years) after initial OC diagnosis,
1,131 (7.9%) patients were diagnosed with subsequent SPMs
among 14,314 qualified patients with early-stage OC. SPMs
occurred in 60 different sites, and the top 10 sites accounted
for 73.1% of the total SPMs. The most frequent sites where SPMs
originated were breast, lung and bronchus, thyroid, corpus uteri,
and pancreas (Supplementary Figure 1).

There was a significant difference between the OOPM cohort
and the SPM cohort (Table 1). To be specific, the proportion of
patients aged 50–64 years at initial diagnosis (44.6% vs. 40.0%, p
< 0.001) and patients who are white (84.8% vs. 81.3%, p = 0.021)
in the SPM cohort was higher than that in the OOPM cohort.
Patients with a serous histological subtype (27.7% vs. 25.7%, p <
0.001) and number of lymph nodes examined <12 (71.2% vs.
67.6%, p = 0.015) were more likely to be diagnosed with
subsequent SPMs. A higher percentage of patients received
surgery (98.9% vs. 97.3%, p = 0.003) and radiotherapy (1.9%
vs. 1.1%, p = 0.023) in the SPM cohort, while the receipt of
chemotherapy showed no statistical difference (p = 0.472).
Additionally, SPMs were more likely to be observed in patients
Frontiers in Oncology | www.frontiersin.org 3
with longer follow-up (39.8% vs. 27.7%, p < 0.001). The death
rate was higher (43.5% vs. 26.3%, p < 0.001), and the main cause
of death was subsequent malignancies for patients in the SPM
cohort (55.7%), while most patients with OOPM died from the
initial OC (73.6%).

Survival and Cumulative Incidence
of SPMs
The median overall survival time after initial OC diagnosis for
the SPM cohort was 14.0 years, while the OOPM cohort did not
reach the median overall survival time. The 5-, 10-, and 15-year
overall survival rates for the OOPM cohort versus the SPM
cohort were 83.1%, 74.2%, and 66.7% versus 86.2%, 65.5%, and
46.1%, respectively. The SPM cohort had better overall survival
than the OOPM cohort within 6.5 years after initial diagnosis;
thereafter, the overall survival rates decreased rapidly in the SPM
cohort while it continued to steadily decrease in the OOPM
cohort. OC patients concurrent with subsequent SPMs
experienced a significantly worse prognosis with a median
SPM overall survival of 7.6 years, and the 5-, 10-, and 15-year
survival rates were merely 58.4%, 42.1%, and 34.3%, respectively
(Figure 1A). During the follow-up of approximately 19 years, the
overall cumulative incidence of SPMs for early-stage OC patients
was 13.6%, treating the non-SPM death as a competing event,
and the 3-, 5-, and 10-year cumulative incidence were 2.5%,
4.1%, and 7.7%, respectively (Figure 1B).

Predictors for Developing SPMs
The multivariable Fine and Gray hazards model combined with
the stepwise elimination method was used to evaluate the
variables associated with SPM development. After variable
selection, five variables, namely, age at initial diagnosis, race,
tumor histology, number of lymph nodes examined, and
radiotherapy, were retained in the final model (Table 2 and
Figures 2A–E). Compared with younger patients (aged 18–49
years), patients aged 50–64 and 65–79 years had substantially
increased risks of SPMs, with a subdistribution hazard ratio
(sHR) of 1.61 (95% CI = 1.38 to 1.88) and 2.20 (95% CI = 1.85 to
2.62), respectively. White female patients were at an excessive
risk of SPMs versus Asian/Pacific Islander female patients (sHR
= 1.26, 95% CI = 1.01 to 1.58, p = 0.041). Patients with epithelial
histologic types, including the serous (sHR = 1.50, 95% CI = 1.16
to 1.95, p = 0.002), endometrioid (sHR = 1.58, 95% CI = 1.22 to
2.05, p < 0.001), mucinous (sHR = 1.60, 95% CI = 1.22 to 2.09, p
< 0.001), and Brenner tumor (sHR = 1.46, 95% CI = 1.00 to 2.12,
p = 0.049) of first primary OC, were related to an elevated risk of
developing SPMs. The risk of SPMs was also significantly higher
for patients whose number of lymph nodes examined was <12
(sHR = 1.21, 95% CI = 1.06 to 1.39, p = 0.004) and who received
radiotherapy (sHR = 1.99, 95% CI = 1.29 to 3.05, p = 0.002).

Competing-Risk Nomogram Construction,
Risk Stratification, and Evaluation
A nomogram integrating the above-mentioned risk predictors
was established to calculate the total risk points and
corresponding SPM probabilities of 3-, 5-, and 10-years
May 2022 | Volume 12 | Article 875489
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TABLE 1 | Demographic and clinicopathological characteristics of early-stage ovarian cancer patients with only one primary malignancy or with second primary
malignancies.

Variable Overall, n (%) OOPM cohort, n (%) SPM cohort, n (%) p-value

Enrolled 14,314 13,183 (92.10) 1,131 (7.90)
Age at initial diagnosis, in years < 0.001
18–49 5,481 (38.29) 5,169 (39.21) 312 (27.59)
50–64 5,771 (40.32) 5,267 (39.95) 504 (44.56)
65–79 3,062 (21.39) 2,747 (20.84) 315 (27.85)
Race 0.021
White 11,638 (81.57) 10,679 (81.29) 959 (84.79)
Black 1,015 (7.11) 941 (7.16) 74 (6.54)
Asian/Pacific Islander 1,502 (10.53) 1,411 (10.74) 91 (8.05)
Other 113 (0.79) 106 (0.81) 7 (0.62)
Unknown 46 46 0
Marital status 0.087
Married/domestic partner 7,891 (57.35) 7,278 (57.41) 613 (56.65)
Divorced/widowed/separated 2,589 (18.82) 2,360 (18.61) 229 (21.16)
Single 3,280 (23.84) 3,040 (23.98) 240 (22.18)
Unknown 554 505 49
Tumor laterality 0.066
Unilateral 12,086 (84.43) 11,133 (81.45) 953 (84.26)
Bilateral 2,004 (14.00) 1,835 (13.92) 169 (14.94)
Contralateral 224 (1.56) 215 (1.63) 9 (0.80)
Histology <0.001
Serous 3,676 (25.81) 3,364 (25.65) 312 (27.66)
Endometrioid 3,093 (21.72) 2,797 (21.33) 296 (26.24)
Mucinous 1,995 (13.73) 1,782 (13.59) 173 (15.34)
Clear cell 1,799 (12.63) 1,685 (12.85) 114 (10.11)
Brenner tumor 653 (4.58) 603 (4.60) 50 (4.43)
Other epithelial* 1,432 (10.05) 1,334 (10.17) 98 (8.69)
Non-epithelial 1,635 (11.48) 1,550 (11.82) 85 (7.54)
Unknown 71 68 3
Tumor grade 0.769
Well differentiated 2,450 (23.70) 2,241 (23.63) 209 (24.53)
Moderately differentiated 3,228 (31.23) 2,960 (31.21) 268 (31.46)
Poorly differentiated 3,485 (33.72) 3,198 (33.72) 287 (33.69)
Undifferentiated 1,173 (11.35) 1,085 (11.44) 88 (10.33)
Unknown 3978 3699 279
AJCC 8th stage 0.884
Stage I 10,676 (74.58) 9,835 (74.60) 841 (74.36)
Stage II 3,638 (25.42) 3,348 (25.40) 290 (25.64)
Number of lymph nodes examined 0.015
<12 9,335 (67.87) 8,563 (67.58) 772 (71.22)
≥12 4,420 (32.13) 4,108 (32.42) 312 (28.78)
Unknown 559 512 47
Surgery 0.003
No 365 (2.55) 352 (2.67) 13 (1.15)
Yes 13,940 (97.45) 12,822 (97.33) 1,118 (98.85)
Unknown 9 9 0
Chemotherapy 0.472
No 6,871 (48.00) 6,316 (47.91) 555 (49.07)
Yes 7,443 (52.00) 6,867 (52.09) 576 (50.93)
Radiotherapy 0.023
No 14,126 (98.87) 13,017 (98.94) 1,109 (98.14)
Yes 161 (1.13) 140 (1.06) 21 (1.86)
Unknown 27 26 1
Year of initial malignancy diagnosis <0.001
1998–2003 4,102 (28.66) 3,652 (27.70) 450 (39.79)
2003–2008 5,361 (37.45) 4,942 (37.49) 419 (37.05)
2008–2013 4,851 (33.89) 4,589 (34.81) 262 (23.17)
Survival status <0.001
Alive 10,351 (72.31) 9,712 (73.67) 639 (56.50)
Dead 3,963 (27.69) 3,471 (26.33) 492 (43.50)
Cause of death <0.001
Initial primary malignancy 2,690 (67.88) 2,555 (73.61) 135 (27.44)

(Continued)
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(Figure 3). The patients were grouped into low risk, intermediate
risk, and high risk of SPMs according to the total points
calculated by the nomogram. The detailed point of each value
for the risk predictors and of each nomogram-based risk group is
listed in Supplementary Table 3. The cumulative incidence of
SPMs was statistically different among the nomogram-based
low-risk, intermediate-risk, and high-risk groups, especially for
low-risk versus high-risk groups (Figure 2F). Evaluation of the
nomogram showed a moderate discriminatory power with a
bootstrap-corrected C-index of 68.1% (95% CI = 67.9 to 68.3%).
Calibration results also indicated good consistency between the
nomogram predicted probability and the observed probability of
3-year, 5-year, and 10-year SPMs, as curves got close to the 45°
diagonal line (Supplementary Figures 2–4). Additionally, the
result of DCA demonstrated that when the screening threshold
of SPMs was given between 1% and 23%, the clinical net benefit
would be higher using the proposed nomogram as the screening
tool compared to the strategies of screening all patients or
screening no one (Figure 4).
DISCUSSION

In this population-based cohort study, we found that the
cumulative incidence of SPMs among primary early-stage OC
survivors was 13.6% at the maximum follow-up of 20.9 years.
Age at initial cancer diagnosis, race, histologic subtype of OC,
Frontiers in Oncology | www.frontiersin.org 5
number of lymph nodes examined, and radiotherapy were
shown to be the risk factors of developing SPMs. For clinical
convenience, a competing-risk nomogram was proposed to
quantitatively predict the probabilities of developing SPMs in
succeeding years, and its clinical utility was confirmed by DCA.

During the entire follow-up period, approximately 83 in 1,000
patients were observed to develop a subsequent malignancy,
which is much higher than the standardized incidence of
malignancy in US women of 4 in 1,000 (18).

The patients with SPMs tended to be older and white, and to
have received surgery and radiotherapy. Initially, the prognosis
for the SPM cohort was better than the OOPM cohort; however,
an obvious survival disadvantage was observed during the
follow-up. Some possible reasons were as follows: (1) some
patients developed new malignancies that were more advanced
and more lethal than the initial early-stage malignancy (19); (2)
in addition to the presence of higher tumor burden, patients with
SPMs also experienced higher psychological distress (20), which
has a negative impact on their health and compliance with
medical advice; and (3) patients in the SPM cohort tended to
be older, so the treatment options were more likely to be
conservative compared to younger patients (21). The breast
was the most common site of a new malignancy for early-stage
OC; this phenomenon might be due to (1) breast cancer being
the most common cancer in women, and (2) the fact that the
occurrence of ovarian and breast cancers shares the same risk
exposure of a genetic mutation in either BRCA1 or BRCA2 (22,
TABLE 1 | Continued

Variable Overall, n (%) OOPM cohort, n (%) SPM cohort, n (%) p-value

Multiple malignancies 274 (6.91) 0 (0.00) 274 (55.69)
Non-malignancy cause 934 (23.57) 854 (24.60) 80 (16.26)
Unknown 65 (1.64) 62 (1.79) 3 (0.61)
May 2022 | Volume 12 | Article
*Other epithelial tumors include carcinosarcoma, large cell, giant cell, spindle cell, pseudo sarcomatous, and mixed histological subtypes.
OOPM, only one primary malignancy; SPMs, second primary malignancies.
A B

FIGURE 1 | Estimation of overall survival and cumulative incidence of developing second primary malignancies (SPMs). (A) Overall survival curves for only one
primary malignancy cohort, for the SPM cohort from initial malignancy diagnosis, and second malignancy diagnosis. (B) Overall cumulative incidence curve for early-
stage ovarian cancer patients developing SPMs after their initial diagnosis, treating non-SPM death as a competing event.
875489
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23). Additionally, evidence supported the importance of
endogenous hormones in the etiology of ovarian and breast
cancers; the high incidence of breast cancer after OC might also
be attributed to some shared hormone exposures (24). Our study
suggested that the lung and bronchus, thyroid, and corpus uteri
were also common sites for developing SPMs, although the
underlying mechanisms remain to be examined. This finding
may suggest risk-specific screening strategies at follow-up for
sites with different risks of SPM development (25).

Quantifying the association between demographic as well as
clinicopathological factors and SPM development to identify
high-risk individuals are of both clinical and public health
significance. In consideration of a considerable proportion of
early-stage OC patients who died before developing SPMs, we
employed the competing risk model to unbiasedly estimate the
effect of factors of interest. The multivariable analysis revealed
that older age at initial diagnosis, white race, epithelial histologic
subtype (serous, endometrioid, mucinous, and Brenner tumor),
number of lymph nodes examined <12, and radiotherapy were
significantly associated with an elevated risk of SPMs. Older age
and white race have been reported to be risk factors for SPMs in
OC (6) or other cancers (26, 27). From an epidemiologic
perspective, the incidence of cancer is higher in the older
population due to the weakening of immune monitoring,
reduced gene repair, variations in estrogen secretion and its
receptor sensitivity, and reduced tolerance to carcinogens (28,
29). The etiology of the effect difference on race might be
Frontiers in Oncology | www.frontiersin.org 6
multifactorial and might encompass a diverse genetic
background, various treatment options for OC, coverage of
healthcare, different economic conditions, and living habits.
The serous OC was shown to be associated with an increased
risk of subsequent primary leukemia previously (30). Schrader
et al. (31) found that more frequent BRCA1 and BRCA2
mutations were presented in the serous histology of OC, and
patients with these mutations were prone to develop SPMs (22,
23). Previous studies also found a relationship between increased
risk of SPMs and endometrioid OC (5, 32), as well as between
increased risk of SPMs and mucinous OC (5). Their findings
supported our results although the pathological mechanism has
not been well studied. A study was performed to recommend the
least number of lymph nodes examined for node staging of
gastric cancer (33). A study reported that a higher number of
lymph nodes examined was associated with a higher rate of nodal
metastasis detected in colorectal cancer (34). Some patients with
stages III or IV OC were possibly misdiagnosed as stages I or II in
our dataset due to an insufficient number of lymph nodes
examined. A case–control study showed that patients with
advanced-stage (stages III and IV) head and neck cancer have
a significantly higher risk of SPM of the esophagus compared to
those with early stage (stages I and II) (35). This evidence
provides a potential explanation of the association between the
number of lymph nodes examined <12 and a higher risk of SPMs
in early-stage OC. However, due to the heterogeneity between
cancers, further studies are needed to provide direct evidence to
TABLE 2 | Significant factors associated with second primary malignancies included in the final Fine and Gray subdistribution hazards model.

Variable sHR 95% CI p-value**

Age at initial diagnosis, in years
18–49 Reference
50–64 1.61 1.38–1.88 <0.001
65–79 2.20 1.85–2.62 <0.001
Race
Asian/Pacific Islander Reference
White 1.26 1.01–1.58 0.041
Black 1.35 0.99–1.85 0.059
Other 0.95 0.42–2.17 0.905
Histology
Non-epithelial Reference
Serous 1.50 1.16–1.95 0.002
Endometrioid 1.58 1.22–2.05 <0.001
Mucinous 1.60 1.22–2.09 <0.001
Clear cell 1.14 0.85–1.54 0.380
Brenner tumor 1.46 1.00–2.12 0.049
Other epithelial* 1.35 1.00–1.84 0.052
Number of lymph nodes examined
≥12 Reference
<12 1.21 1.06–1.39 0.004
Radiotherapy
No Reference
Yes 1.99 1.29–3.05 0.002
May 2022 | Volume 12 | Artic
*Other epithelial tumors include carcinosarcoma, large cell, giant cell, spindle cell, pseudo sarcomatous, and mixed histological subtypes. **The bold values of p-value indicate statistically
significant.
sHR, subdistribution hazard ratio; 95% CI, 95% confidence interval.
Potential covariates included age at initial diagnosis, race, marital status, tumor laterality, histology, grade, AJCC 8th stage, number of lymph nodes examined, surgery, chemotherapy,
and radiotherapy.
All variables with unknown data were removed in multivariable competing risk regression analyses.
Bold values, It implies statistically significant (P<0.05).
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validate our hypothesis. Radiotherapy uses ionization to kill
tumor tissues, but also causes genetic mutations in normal
cells (36), and the long-term negative effect of radiotherapy,
including secondary tumorigenesis, has been broadly reported
previously (37–39). Radiotherapy is rarely used to treat early-
stage OC. Benefiting from a national-based cancer database
analysis, our results showed that radiotherapy is associated
Frontiers in Oncology | www.frontiersin.org 7
with a higher risk of SPMs. This finding adds to the evidence
that patients with early-stage OC should be cautious about
radiotherapy. Thus, physicians ought to cautiously weigh the
clinical benefits against the latent threats when scheduling
radiotherapy to early-stage OC patients. Additionally, we also
observed an association between the histological subtype of
Brenner tumor of OC and an increased risk of SPMs, which
A B

C D

E F

FIGURE 2 | Cumulative incidence curves of early-stage OC patients developing second primary malignancies after their initial diagnosis by subgroups, treating non-SPM
death as a competing event. (A) Age at initial diagnosis, (B) race, (C) histology, (D) the number of lymph nodes examined, (E) radiotherapy, and (F) nomogram-based
risk stratification.
May 2022 | Volume 12 | Article 875489
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had not been observed previously. However, further studies are
needed to confirm this association.

Current surveillance procedures for OC mainly focused on its
early detection (40), recurrence (41), and metastases (42), with
little attention paid to the screening of subsequent malignancies.
However, the risk of SPM development could not be neglected
for patients with early-stage OC according to our findings.
Therefore, we established a practical scoring tool named the
competing-risk nomogram to estimate the risk of SPMs for early-
stage OC patients in the existence of the competing event of non-
SPM death. The nomogram provided individual total risk points
and the prediction of 3-, 5-, and 10-year SPM probabilities if the
required indicators were given. The patients could be further
stratified into different risk levels according to their total risk
points, and different screening strategies should be considered
for patients with different risk levels during follow-up. A
previous study has shown that OC patients treated in high-
volume hospitals have a lower mortality rate, which may be
attributed to the high quality of treatment and care provided by
gynecologic oncologists (43). Patients with early-stage OC who
have a high risk of SPMs would have a better chance of receiving
high-quality treatment and care if they were treated at high-
volume hospitals. This may be able to improve their survival.
Given that breast, lung and bronchus, and thyroid cancers
account for a high proportion of all SPMs, more attention
FIGURE 3 | Competing-risk nomogram for predicting 3-, 5-, and 10-year probabilities of developing second primary malignancies in early-stage OC patients.
FIGURE 4 | Decision curve analysis for evaluating the clinical utility of our
proposed competing-risk nomogram. The x-axis is the threshold probability for
screening of second primary malignancies (SPMs) and the y-axis is the
corresponding net benefit. The blue solid line depicts the net benefits change of
screening using our proposed nomogram under different threshold probabilities,
whereas the gold dashed line and gray solid line represent the net benefit of
screening all and screening no patients. As the decision curve noted, using the
nomogram as the screening tool when the threshold probability was between
1% and 23% would obtain more clinical benefits than simply screening all
patients or screening no one.
May 2022 | Volume 12 | Article 875489
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could be paid to these sites during screening to detect the lesions
as early as possible. DCA demonstrated the clinical utility of our
proposed nomogram as it produced a superior net benefit
compared to that in hypothetical all-screening or no-
screening conditions.

Our study has several strengths. The data from a large
population-based cohort collected by multiple registries
effectively avoid selection and referral biases. All SEER
registries comply with the strict criteria of data collection and
follow-up, which ensures the quality of our data. We included
the largest amount of early-stage OC patients with SPMs to
date, and unbiasedly estimated the risk factors of SPMs for the
first time. Our proposed nomogram has relatively good
discrimination to identify early-stage OC patients with
different SPM risks.

There are also some limitations. First, some acknowledged
factors related to the formation of tumors, such as smoking
status, comorbidities, family history of cancer, diet habit, and
lifestyles, are not available in the SEER database. Second, the
difference in chemotherapy regimens that are possibly related to
SPM occurrence, such as type of chemotherapy, use of
neoadjuvant chemotherapy, use of adjuvant chemotherapy, and
maintenance chemotherapy or length thereof after primary
chemotherapy, may improve the performance of the prediction
model but such information is not available in the SEER
database. Third, surgical rupture of the ovarian capsule has
been reported to be a factor limiting survival in patients with
early-stage OC (44), and this factor may also influence the
development of SPMs. However, the information on surgical
complications is not available in the SEER database and further
research is warranted. The moderate C-index observed in our
proposed nomogram might partly be attributed to the lack of
these data. Fourth, some of the patients who did not receive
surgical treatment may have been misclassified as early-stage OC
as their TNM stage is mostly determined by clinical evidence
without pathological evaluation. However, because the vast
majority of the patients (97.45%) in our study received surgery,
their stage of OC would not affect our findings. Some cases of
recurrent or metastatic OC might have been misclassified as
SPMs. Nevertheless, the SEER program has a detailed definition
of SPMs and strict procedures for the diagnosis of SPMs (13). A
2-month interval exclusion was used to further discriminate the
SPMs from the initial simultaneous malignancies (4). Moreover,
although our proposed nomogram has been validated by the
bootstrap method, it still needs to be further verified with
external cohorts from other sources. More potential factors
could be considered to establish a predictive model with better
performance. Finally, a comprehensive analysis of various most
vulnerable SPM sites for early-stage OC is needed to help develop
more targeted follow-up strategies.
CONCLUSION

In conclusion, early-stage OC survivors remain at a high risk of
developing SPMs. Older age at initial diagnosis, white race,
Frontiers in Oncology | www.frontiersin.org 9
number of lymph nodes examined (<12), radiotherapy, and
histological diagnosis of serous, endometrioid, mucinous, and
Brenner tumors were related to an elevated risk of SPMs for
early-stage OC. A user-friendly competing-risk nomogram for
predicting the 3-, 5-, and 10-year SPM probabilities was
constructed, which could be useful in helping clinicians
evaluate the SPM risk for early-stage OC patients and arrange
their future screening program for SPMs. Since our study was
not validated by external data, further studies to establish the
formal documents of surveillance and screening for SPMs are
still needed.
DATA AVAILABILITY STATEMENT

Publicly available datasets were analyzed in this study. These data
can be found here: https://seer.cancer.gov/data-software/.
ETHICS STATEMENT

Ethical review and approval were not required for the study on
human participants in accordance with the local legislation and
institutional requirements. Written informed consent for
participation was not required for this study in accordance
with the national legislation and the institutional requirements.
AUTHOR CONTRIBUTIONS

YY, XZ, and GQ conceptualized and designed the study. JX, CH,
and ZW collected the data and performed the statistical analysis.
JX wrote the manuscript. HX, JL, YC, CW, and JZ reviewed the
literature and revised the manuscript. All authors contributed to
the article and approved the submitted version.
FUNDING

This work was funded by the Natural Science Foundation of
China (82173612 and 82173613), the Shanghai Rising-Star
Program (21QA1401300), the Shanghai Municipal Natural
Science Foundation (22ZR1414900), and the Three-year Action
Program of Shanghai Municipality for Strengthening the
Construction of Public Health System (GWV-10.1-XK05) Big
Data and Artificial Intelligence Application and Project
supported by Shanghai Municipal Science and Technology
Major Project (ZD2021CY001).
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fonc.2022.875489/
full#supplementary-material
May 2022 | Volume 12 | Article 875489

https://seer.cancer.gov/data-software/
https://www.frontiersin.org/articles/10.3389/fonc.2022.875489/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.875489/full#supplementary-material
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Xu et al. Prediction of SPMs in OC
Supplementary Figure 1 | Top 10 most frequent sites of developing second
primary malignancies in early-stage ovarian cancer patients.

Supplementary Figure 2 | Calibration curves for 3-year predicted vs. observed
probability of developing second primary malignancies estimated by the Fine and
Gray model.
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Supplementary Figure 3 | Calibration curves for 5-year predicted vs. observed
probabilityofdevelopingsecondprimarymalignanciesestimatedbytheFineandGraymodel.

Supplementary Figure 4 | Calibration curves for 10-year predicted vs. observed
probability of developing second primary malignancies estimated by the Fine and
Gray model.
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