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Background: We developed a nomogram for prognostic prediction of overall survival (OS) in postoperative ovarian sex cord-
stromal tumor (SCST) patients and discuss the effect of chemotherapy at various FIGO stages.
Material/Methods: SCST patients after surgery from 2004 to 2015 were enrolled from the Surveillance, Epidemiology and End-
Results (SEER) database, matched into pairs by propensity score matching (PSM), and divided into a train-
ing set and a validation set. Univariate and multivariate Cox analyses were conducted to identify significant
variables for the development of the nomogram. The nomogram model was validated by concordance index
(C-index), receiver operating characteristics (ROCs) curve, calibration plot, and decision curve analysis (DCA).
Survival curves showed the integrative ability of prognostic prediction and the efficacy of chemotherapy.
Results: A total of 913 SCST patients were initially enrolled, and after PSM, 506 patients were included. Age, marital
status, CA125 levels, tumor size, FIGO stage, grade, and chemotherapy were indicators for building the OS no-
mogram. The C-index was 0.850 in the training set and 0.786 in the validation set. Calibration plots were sat-
isfactory and the nomogram had relatively better clinical utility than FIGO stage. The survival analysis showed
that the low-risk group had generally longer survival than the high-risk group based on the prognostic score,
and chemotherapy had an overall reverse effect on OS.
Conclusions: The nomogram model displays the potential to provide individualized prognosis probability of SCSTs and to
aid in clinical decision-making. The unfavorable results of chemotherapy in all stages shows the need for fur-
ther exploration.
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Material and Methods

Ovarian sex cord-stromal tumors (SCSTs) are rare ovarian tu-
mors derived from sex cords and ovarian stroma or mesen-
chyme [1], accounting for approximately 7% of ovarian tumors,
and the incidence rate is 2.1 per million women [2]. Sex cord-
stromal tumors contain various histologic subtypes, mainly
granulosa cell tumors (GCTs), Sertoli-Leydig cell tumors, theco-
mas, and gynandroblastomas, with GCTs accounting for nearly
90% of the malignancies [3]. SCSTs are mostly found in adults,
including many perimenopausal and postmenopausal women.
Although most cases present slow growth and good progno-
sis, about 20% relapse or metastasize, which can be fatal [4].
It was recently reported that mutations in FOXL2 are ubiqui-
tous in adult GCTs, and DICER1 mutations are typically found
in Sertoli-Leydig cell tumors, which could be potential thera-
peutic targets [5].

Debulking surgery, regardless of the cancer process, is always
the most effective treatment for sex cord-stromal tumors [6].
Most SCSTs patients are diagnosed at an early stage for which
no evidence supports postoperative adjuvant treatment due
to the low risk of recurrence [7]. However, some researchers
suggest chemotherapy be used after surgery for FIGO stage IC
patients with larger tumor size or high mitotic index [8]. The
small number of advanced patients makes it difficult to draw
a firm conclusion, but the current clinical consensus is that
adjuvant chemotherapy should be reserved for stage II-IV pa-
tients [6]. Therefore, whether chemotherapy is effective for
patients at different stages remains controversial. Hormonal
therapy is another reasonable treatment for advanced GCTs
due to their dependence on estrogen, but at present no val-
id data support the effect of hormone treatment in the post-
operative setting [9].

Prognostic prediction has been impeded by the rarity of pa-
tients and multiplicity of histologic and biologic behaviors [1].
International Federation of Gynecology and Obstetrics (FIGO)
stage, age, tumor size, and absence of residual disease have
been reported to be prognostic factors [10]. However, to the
best of our knowledge, there has been no research on inte-
grating the prediction model of SCSTs; therefore, individualized
survival forecasting is imperative. In this study, we evaluated
the prognostic value of chemotherapy in SCST patients based
on the Surveillance, Epidemiology, and End-Results (SEER) da-
tabase and established and validated a predictive nomogram
incorporating chemotherapy and other clinically significant fac-
tors. We also compared the clinical performance of our nomo-
gram with the FIGO staging system. We hypothesized that the
prediction model developed in this study has better predictive
value than the FIGO staging system. This research may pro-
vide valuable evidence for clinical decision-making, especial-
ly regarding chemotherapy.

Patients and study design

The data of patients diagnosed as having SCST were obtained
from the Surveillance, Epidemiology, and End-Results (SEER) 18
registry database (http://seer.cancer.gov/) using SEER*Stat 8.3.6
software. The SEER database was established by the National
Cancer Institute and collects data on patient, disease, and sur-
vival outcomes, covering [11] nearly 35% of the US population.
We initially retrieved a total of 70 225 individuals diagnosed with
ovarian cancer from 2004 to 2015, with the site code “C56.9”
according to the International classification of Diseases for
Oncology, Third Edition (ICD-O-3). Morphology codes “8590/3-
8671/3” were used to identify the malignant sex cord-stromal
tumors. Treatment for stage IV patients varies between indi-
viduals and is not suitable for systematic analysis [12]. The in-
clusion criteria were as follows: (1) patients with confirmed I,
Il, or Il FIGO stage determined by American Joint Committee
on Cancer (AJCC); (2) patients with complete survival informa-
tion including vital status, survival time, and cause of death; (3)
patients who underwent surgery on the primary site; and (4)
patients with positive histology. The exclusion criteria were as
follows: (1) patients who underwent radiotherapy; and (2) sur-
gery of primary site is tumor destruction, with no or unknown
pathologic specimen. Finally, a total of 913 patients were in-
cluded in our study (Figure 1). For data analysis, patients were
grouped into 2 groups <50 years old and >50 years old based
on the median age of the overall population. Tumor grade was
classified into well differentiated (G1), moderately differen-
tiated (G2), poorly differentiated (G3), undifferentiated (G4),
and an unknown group. The maximum diameter of the tumor
was used as tumor size, and was determined during surgery.
Tumor size was divided into 3 subgroups by median value of
95 mm and an unknown group. Blood or serum CA125 levels
were recorded before surgery, and the reference value was be-
low 35 ug/ml. The histology types were simply divided as gran-
ulosa cell tumors (8620-8622) and non-granulosa cell tumors
(8590, 8593, 8600, 8623, 8631, 8634, 8640, 8650, 8670) based
on the pathological reports. The race included white, black,
others (Asian, Pacific Islander, American Indian, and Alaska
Native), or unknown. The marital status included married, un-
married (‘single’, ‘separated’, ‘divorced’ and ‘widowed’), and
unknown. The primary outcome was overall survival (OS), and
survival time was defined as the time from diagnosis to death
from any cause. This study followed the recommendations of
the Transparent Reporting of a multivariable prediction model
for Individual Prognosis Or Diagnosis (TRIPOD) statement [13].

Propensity score matching

To better assess the prognostic effect of chemotherapy, we per-
formed propensity score matching (PSM) to reduce selection
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Patients diagnosed with ovarian
cancer between 2004-2015
(N=70225)

Patients diagnosed with mlaignant
sex cord-stromal tumors
(N=1208)

Excluded tumor stage unkown or NOS
I
Excluded tumor stage IV (distant met astasis)
(N=947)

Excluded no or unknown ovarian
surgery or local destruction only
(N=931)

Excluded patients underwent radiotherapy
(N=931)

Diagnostic conformation: positive histology
(N=915)

Exclude cause of death unknowm
(N=913)

Figure 1. Flow chart for included patients of the SEER data
cohort.

bias [14]. A 1: 1 match was calculated using propensity score
logistic regression analysis within the caliper (0.1). PSM was
conducted to adjust for age, race, grade, histology, marital sta-
tus, FIGO stage, tumor size, and CA125. After PSM, 506 pa-
tients (253: 253) were randomly divided into the training set
and validation set at a ratio of 7: 3 to establish and validate
the model. The package ‘nonrandom’ of R 3.6.3 (Institute for
Statistics and Mathematics, Vienna, Austria; www.r-project.
org) was used for the analysis.

Development of the nomogram

Univariate Cox regression analysis determined the correlation
between each variable and OS. Significant variables (P<0.10)
in univariate analysis were then subjected into a full Cox re-
gression multivariate analysis. The results of multivariate anal-
ysis were used to develop the nomogram for predicting 1-,
3-, and 5-year OS. According to the nomogram, we calculat-
ed the total points as the prognostic index (PI) for all patients
and used the median value of 212 points to classify patients
into a low-risk group and a high-risk group for later survival
analysis. R package ‘rms’ and ‘survival’ and EmpowerStats 2.2
(www.empowerstats.com, X&Y solutions, Inc., Boston, MA) were
applied to develop and validate the nomogram.

CLINICAL RESEARCH

Validation of the nomogram

We assessed model performance by testing discrimination and
calibration. Concordance index (C-index) and receiver operat-
ing characteristic (ROC) curves were utilized to determine the
discrimination and predictive ability. Calibration plots graph-
ically estimate the agreement between actual and predicted
outcome probabilities, where a slope close to 1 indicates a
well-calibrated predictor [15]. Bootstrapping with 1000 resa-
mples was used to adjust for bias.

Survival analysis

Based on the median cut-off value of the prognostic index
(212 points), the study population was divided into low-risk
(<212 points) and high-risk (>212 points) groups. Kaplan-
Meier analysis was used to estimate the survival of patients
in FIGO stage |, Il, and lll and overall population. The log-rank
test was used to assess statistically significant differences be-
tween low- and high-risk groups.

Clinical performance

Decision curve analysis (DCA) was used to evaluate and com-
pare the clinical usefulness of the nomogram [16]. DCA was
carried out to assess the clinical benefit of the new nomogram
in comparison with the FIGO staging system in the training
and validation set and in the overall study population. The DCA
was performed using R package ‘Tableone’ and ‘Nonrandom’.

Results

Patients’ baseline characteristics before and after
propensity score matching

Before PSM

In total, 913 eligible SCST patients diagnosed from 2004 to 2015
in the SEER database were enrolled in the study. Patients’ base-
line characteristics before and after propensity score match-
ing are summarized in Table 1. In the overall patients, the me-
dian age was 50 years old (range, 6-91 years). Patients were
divided into binary groups according to whether they have re-
ceived chemotherapy. The median follow-up time of patients
was 50 (range, 3-154) months and 67 (range: 0-155) months
in the chemotherapy and non-chemotherapy group, respec-
tively. There were significant differences in age (P=0.001),
grade (P<0.001), histology (P<0.001), marital status (P=0.013),
FIGO stage (P<0.001), tumor size (P<0.001), and CA125 lev-
els (P<0.001) between the 2 groups. Patients who underwent
chemotherapy after surgery on primary sites had a larger pro-
portion of characteristics such as poorly differentiated and
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Table 1. Correlations between chemotherapy and baseline characteristics of patients with sex cord-stromal tumors in the overall
included population and propensity score-matched population.

Before PSM After PSM

Characteristic

Number of patients 644 269 253 253

Age(yeasy o001 0652
w0 314 488) 165 (613) 144 (569) 150 (59.3)
"""" »50 330 (512) 104 (387 109 43.1) 103 (407)
“Race oses 0059
"""" White 437 (679) 187 (695 175 (€9.2) 179 (0.8
"""" Back 149 (231) 60 (223 45 (178  s6 (21
"""" Othersandunknown 58 (90) 22 (62 33 (30 18 ()
Maritalstatws o013 0335
"""" Maried 282 (438 131 487 108 (427) 121 (478
"""" Unmarried 321 (49.8) 133 494) 136 (538) 127 (502)
"""" Unknown 41 (64 5 (19 9 @& 5 @o
CcAwsstatws w001 0066
"""" Negative/normal 192 (298 80 (97) 75 96) 70 @7.7)
"""" Positive/elevated 116 (180) 85 (316) 58 (229) 81 (200
"""" Borderline or unknown 336 (522) 104 (387) 120 (47.4) 102 (403)
el w001 0187
s 311 (483) 8 (3200 80 (316) 82 (324
"""" 05 253 (393) 146 (43 131 (518 143 (65
"""" Unknown 80 (124 37 (138 42 (166 28 1)
RGO stage w001 0003
"""" ' 56 (879 152 (565 180 (7L1) 150 (593
"""" N 39 (61 68 (253 34 (134) 63 (249
"""" w39 (61 49 182 39 (154) 40 (158
Grade w001 0666

moderately diferentiated 113 (79 41 152 % (150 38 (150)
zaz;ze‘:::‘;':tgate‘j and 62 (9.6) 57 (21.2) 48 (19.0) 56 (22.1)

"""" Unknown 469 (728 171 (636) 167 (660) 159 (628
Histoegy w001 0624
"""" Granulosa 566 (879) 194 (721) 177 (700) 183 (723
"""" Non-granulosa 78 (121) 75 7.9 76 Goo) 70 @77)

Non-granulosa includes Sertoli-Leydig cell tumor (n=94), Sertoli cell tumor (n=7), Leydig cell tumor (n=3), steroid cell tumor (n=21),
thecoma (n=4), and sex cord-stromal NOS, not otherwise specified (n=24). Surg only, patients underwent surgery and did not or
unknown if received chemotherapy. Surg+Chem, patients underwent surgery and received chemotherapy.
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Table 2. Patients demographics and clinicopathological characteristics of training set and validation set.

Factors Training set Validation set

Number of patients 356 150

CAgelyears)
"""" <o 4 1% 80 (5333%)
"""" 550 . 142 (98%) 70 (4667%)
CRace
"""" Whit 254 (13% 100 (6667%)
"""" Back  e4 (7e8%) 37 (Q4&7%)
"""" Others and unknown 38 (1067% 13  (@67%)
CMaritalstatus
"""" Maried 157 (@410% 72 (@800%)
"""" Unmaried 188 (5281% 75 (5000%)
"""" Unknown 11 @Go% 3 (0%
CcALSstatus
"""" Negative/normal 93 (@612% 52 (3467%)
"""" Positive/elevated 102 (865%) 37 (467%)
"""" Borderline or unknown 161 @5.22%) 61 (@4067%)
CTumorsize mm)
"""" 95 s (230% 47 (133%)
"""" 595 104 (s449%) 80 (5333%)
"""" Unknown a7 @320% 23 (533%)
CRGOstage
"""" 7 @ew 103 (6867%)
"""" N 65 (826%)  32 (133%)
"""" w64 (798%) 15 (1000%)
CGrade
"""" Well differentiated and moderately differentiasted 51 (1433%) 25 (1667%)
"""" Poorly differentiated and undifferentiated 74 (079%) 30 (000%)
"""" Unknown 231 (6489%) 95 (6333%)
CHistology
"""" Granuosa 20 (7303%) 100 (6667%)
"""" Non-granulosa 9 (697% 50 (3333%)
CChemotherapy
"""" Nofunknown 181 (50.84%) 72 (4800%)
"""" Ys 175 @9e1ew 78 (5200%
survivalmonths 61 (0159 545  (-154)
Coverallsumvival
"""" mive 300 (483%) 124 (8267%)
"""" Ded  sa asi%) 26 (733%)

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0) €925844-5




CLINICAL RESEARCH

undifferentiated, non-granulosa histology type, advanced FIGO
stage, larger tumor size, and elevated CA125 levels. Table 1
displays the demographic and clinicopathologic characteris-
tics of the 913 patients.

After PSM

Propensity score matching (1: 1) between the chemotherapy
and non-chemotherapy groups was performed. After match-
ing, 253 matched pairs were obtained. The median survival
was 59 months (range, 0-154 months). The median follow-
up time of patients was 52 (range, 3—154) months and 67
(range, 0-154) months in the chemotherapy and non-chemo-
therapy groups, respectively. FIGO stage was significantly dif-
ferent (P=0.003) between the 2 groups, while the other vari-
ables were not (Table 1). Then, the matched population were
randomly divided into a training set (n=356) and a validation
set (n=150). The baseline characteristics of the 2 groups are
shown in Table 2.

Univariate and multivariate analysis

Univariate and multivariate analyses were carried out using the
Cox proportional hazard model on the training set to explore
the predicted variables (Table 3). To include sufficiently mean-
ingful indicators, variables with P<0.10 were taken forward to
multivariate analysis. Eventually, variables with P<0.05 in mul-
tivariate analysis were used as independent predictors of pa-
tient prognosis. The multivariate analyses revealed that che-
motherapy worsened the OS (HR=1.86, CI=1.05-3.29, P=0.034).
Older age (>50 years) (HR=3.49, 95% Cl=1.93-6.30), advanced
FIGO stage (stage I, HR=2.82, 95% CI=1.35-5.88 and stage
lll, HR=6.79, 95% Cl=3.42-13.47), and positive CA125 levels
(HR=6.94, 95% Cl=2.35-20.50) were the most significant risk
factors for OS (P<0.001). Tumor grade did not meet the re-
quirement in univariate analysis (HR=2.32, 95% Cl=0.76-7.13,
P=0.14), whereas tumor grade was usually considered impor-
tant for survival prediction and therefore was included in the
multivariate analysis (HR=3.34, 95% Cl=1.04-10.79, P=0.043).
Unmarried status was also a risk factor for poor prognosis
(HR=2.04, P=0.027). However, histology type had no effect
on overall survival in the univariate analysis (HR=1.19, 95%
C1=0.67-2.12, P=0.553) and race was not related to OS in the
multivariate analysis.

Nomogram development

Age, grade, marital status, FIGO stage, chemotherapy, tumor
size, and CA 125 levels were significantly associated with OS.
The nomogram for predicting 1-, 3-, and 5-year OS was de-
veloped by incorporating these 7 independent prognostic fac-
tors (Figure 2). Each variable had a corresponding score in the
nomogram (Table 3). For instance, a 55-year-old (63 points)

You D. et al.:
Prognostic prediction model of sex cord-stromal tumor patients
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divorced woman (34 points) underwent ovarian surgery for
a 9-cm sex cord-stromal tumor (0 point). The preoperative
CA125 was 35 ug/ml (60 points). Postoperative tumor grad-
ing was Il (64 points) and staging was FIGO III (98 points). She
received chemotherapy after surgery (34 points). In this case,
there were 353total points, and the predicted 3- and 5-year
survival rates were approximately 45% and 40%. The nomo-
gram indicated that FIGO stage and CA125 levels contributed
most to the outcome, followed by grade, tumor size, and age.

Nomogram validation

The C-indexes in the nomogram and FIGO staging system in
the training set, validation set, and overall study population
are listed in Table 4. The C-index for the OS prediction nomo-
gram was 0.850 (95% CI=0.805-0.895) for the training group,
0.786 (95% Cl=0.696-0.876) for the validation group, and
0.768 (95% Cl=0.717-0.819) for the overall population, which
were all higher than the corresponding C-indexes for the FIGO
stage. ROC curves of the nomogram and FIGO stage for 1-, 3-,
and 5-year OS also indicated that the nomogram had more ac-
curate predictive and discriminative abilities than FIGO stage
(Figure 3). The calibration curves demonstrated good agree-
ment between the nomogram-predicted OS probability and the
actual OS probability in both the training set and validation
set (Figure 4A, 4B), indicating the reliability of our nomogram.

Survival analysis

Combining multiple prognostic predictors into a single score
improves model assessment. The prognostic index of every pa-
tient was calculated according to each variable score, and the
patients were divided into high-risk and low-risk groups using
the median prognostic index (212 points) as the cut-off val-
ue. The overall survival time of the high-risk group was signif-
icantly shorter than that of the low-risk group in overall pop-
ulation (P<0.001), FIGO stage | patients (P<0.001), and FIGO
stage Ill patients (P=0.041), proving the integral predictive ca-
pacity of the novel model. Pl had a less significant function in
FIGO stage Il (P=0.081), probably due to the small population
of patients included in this stage (Figure 5A). Chemotherapy
showed a significantly worse effect in multivariate analysis of
the matched population. To explore its function in different tu-
mor stages, survival analyses based on FIGO stage I, Il, and IlI
patients were conducted. Chemotherapy showed a trend that
approached significance in the overall population (P=0.067)
and stage | (P=0.11) patients, but there was no effect on OS in
stage Il (P=0.95) and Ill (P=0.68) patients (Figure 5B). In stages
IA and IB, in which chemotherapy is not recommended after
surgery, patients who underwent postoperative chemothera-
py had worse OS than those who did not (P=0.031). In stage
IC, in which use of chemotherapy is controversial, the OS pre-
sented no significant difference (P=0.7) (Figure 5C).
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Table 3. Univariate and multivariate analysis for the training set.

Univariate analysis Multivariate analysis

Factors
95% Cl

Age (years)

<50 Ref Ref 0
"""" 50 300 (176-540) <00001 349  (193-630) <00001 63
CRace
"""" Whitt  Ref Ref
"""" Back 077 (038158 04821 050  (024-107) 00732
"""" Othersandunknown 015 (002-107) 00581 017  (0.02-130) 0088

Married Ref Ref 0
Unmarried 2.22 (1.22-4.05) 0.0092 2.04 (1.08-3.85) 0.0273 34
Unknown 1.74 (0.40-7.63) 0.4604  1.64 (0.35-7.76) 0.5344 19

Negative/normal Ref Ref 0
Positive/elevated 7.86 (2.75-22.41) 0.0001 6.94 (2.35-20.50) 0.0005 100
Borderline or unknown 3.23 (1.11-9.38) 0.0309 2.79 (0.95-8.19) 0.0625 60

<95 Ref Ref 0
"""" 5 506  (199-1285) 00007 222  (0.83-592) 01123 43
"""" Unknown 538  (1.87-1548) 00018 336  (L14-987) 00275 63
CRGOstage
"""" R Ref 0
"""" " 328 (164-657) 00008 282  (1.35-588) 00050 58
"""" w520 (276979 <0000 679  (342-1347) <00001 98
CGrade

Z\ilfeflel"ilzf:;::(';lated and moderately Ref Ref 0

Ezzzge‘:g:;r:;?ted O 232 (0.76-7.13) 0.1403 334  (1.04-10.79)  0.0434 64
"""" Unknown 222 (079-623) 012909 208  (0.72-604) 01781 36
CHistology
"""" Granuosa  Ref
"""" Non-granulosa 119  (067-212) 05526
CChemotherapy
"""" No/unknown R  Ref o
"""" Y 159 (093-273) 00920 186  (105-329) 00343 34

HR - hazard ratio; 95% Cl — 95% confidence interval. * P<0.10 was considered significant in univariate Cox regression analysis;
** P<0.05 was considered significant in multivariate Cox regression analysis.
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0 10 20 30 40 50 60 70 80 9 100
Points : : . : : : !
>50
Age r f
<50
Unknown
Grade ' - |
land Il llland IV
Unknown
Marital status r - .
Married Unmarried
Il
FIGO stage : |
Il
Yes
Chemotherapy : ;
No/unknowm
) >95mm
Tumor size L .
<95 mm Unknowm
CA125 Bordellne{unknowm .
Negative/normal Positive/elevated
Total points . . . . . . :
0 50 100 150 200 250 300 350 400 450 500
1-year survival probability : - —————
0.9 08 0.7 06050403 0.2
3-year survival probability : - ————————
0.9 08 0.7 0605040302 0.1
5-year survival probability : - ———————
0.9 08 0.7 0605040302 0.1

Figure 2. Nomogram predicting 1-, 3-, and 5-year overall survival for patients with sex cord-stromal cancer after surgery.

Table 4. Comparison of prognostic effect between nomogram and FIGO staging system.

Cox model C-index* (95%Cl)

Nomogram 0.850 (0.805, 0.895)

0.710 (0.644, 0.776)

C-index** (95%Cl) C-index*** (95%CI)

0.786 (0.696, 0.876) 0.768 (0.717, 0.819)

0.583 (0.477, 0.689) 0.668 (0.610, 0.726)

* Comparison of C-index in the training set; ** comparison of C-index in the validation set; *** comparison of C-index in the overall

population.

Clinical performance of the nomogram

DCA is a novel evaluation tool for clinical net benefit of pre-
diction models. The DCA curves of the nomogram and FIGO
staging system for 3- and 5-year OS are presented in Figure 6.
The wider range of threshold probabilities of the nomogram
suggest a superior net benefit in comparison to FIGO stage.

Discussion

SCSTs are uncommon and heterogeneous, with favorable prog-
nosis, but slow progression of the tumor can cause relapse, and
there is no accepted standard approach [17]. Due to its rari-
ty, there is little information to guide clinical decision-making

and prognosis prediction. In addition, the efficacy of chemo-
therapy for FIGO stage IC and advanced patients is controver-
sial. Long-term chemotherapy can cause irreversible and se-
vere toxicity resulting from the cumulative dose effect [18].
Hence, the present study was designed to build a more com-
prehensive prognostic model and to consider the effect of che-
motherapy in different stages.

Currently, nomograms are broadly used as prognostic tools to
generate individual probabilities by integrating multiple predic-
tors, which connect biological and clinical characteristics [19].
To the best of our knowledge, no previous studies have estab-
lished nomograms for postoperative sex cord-stromal tumors,
probably due to the small number of patients. Our SEER-based
nomogram includes parameters that are clinically practical and
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Figure 3. ROC curves of the nomogram and FIGO stage for 1-, 3-, and 5-year overall survival (OS) in (A) training set and (B) internal
validation set. ROC — receiver operating characteristic; AUC — area under the curve.

readily available, consisting of age, grade, marital status, FIGO
stage, chemotherapy, tumor size, and CA125 levels. The valida-
tion results show better discrimination and clinical utility than
with the simpler FIGO stage, and calibration plots suggest excel-
lent compatibility between predicted and observed OS. The ex-
ternal validation set also performed well in the above indicators.

The nomogram shows that advanced FIGO stage of disease
and elevated CA125 levels are the most important factors con-
tributing to poor prognosis. Multiple studies have shown that
stage matters most [7,20,21], as stage I-Il patients had 36%
better survival than advanced patients [10]. CA125 is an es-
tablished prognostic marker of epithelial ovarian cancer, re-
gardless of disease stage, but its effect on SCSTs has not been
elucidated. In the present study, the increased CA125 levels
had a high hazard ratio of OS, which corroborates the results
of Nasioudis, who first demonstrated the potential prognos-
tic value of elevated CA125 among early-stage SCSTs pa-
tients [22]. Previous research has demonstrated that CA125
serum levels can be used to monitor response to chemother-
apy and detect potential recurrence and disease progression
in epithelial ovarian cancer [23]. Further studies on sex cord-
stromal tumors are needed to verify our results.

We found that age <50 years, tumor size <95 mm, and high
degree of differentiation are independent predictors for im-
proved survival, in agreement with previous studies [10,24,25].
Younger age is usually associated with better physical status
and intensive treatment, which may explain this difference [26].
Sex cord-stromal tumors can grow to large size, either because
of their long duration or their high malignancy [27]. It has been
reported that smaller tumor size indicates low probability of
recurrence [28] and better survival [27]. Another SEER-based
study, by Zhang et al., found that patients with well differen-
tiated and moderately differentiated SCSTs had better 5-year
survival than those with poorly differentiated tumors [10].
However, the large proportion of cases with unknown tumor
grade, use of various grading systems, and underlying tumor
misclassifications due to the lack of a central pathology review
could also limit the reliability of this predictor.

We found that unmarried status was associated with worse
overall survival in SCSTs patients. Although no previous study
on SCSTs has investigated it, many studies on ovarian cancer
have shown that unmarried women have an higher risk than
married women, especially for those who are widowed or sep-
arated/divorced [29,30]. Although this predictive factor could
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Figure 4. The calibration curves predicting 1-, 3-, and 5-year overall survival (OS) in (A) training set and (B) internal validation set.

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€925844-10

Indexed in:
[ISI Journals Master List]
[Chemical Abstracts/CAS]

[Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]

[Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]



You D. et al.:
Prognostic prediction model of sex cord-stromal tumor patients
© Med Sci Monit, 2020; 26: €925844

be confounded by emotional and economic support, it should
still be considered in clinical practice.

At present, there is no consensus on use of adjuvant chemo-
therapy after surgery. Generally, it is suggested it be reserved
for advanced-stage and recurrent disease [6]. Rupture of ovar-
ian tumors has been identified as a negative prognostic pre-
dictor [31]; therefore, FIGO stage IC patients are also advised
to receive chemotherapy. After using propensity score match-
ing to control other confounders, multivariate analysis showed
that the general effect of chemotherapy for the overall popu-
lation was deleterious. Survival curves of specific stages dis-
played no difference in OS in FIGO stage Ill groups, which is
consistent with the results of Badawi et al. [32] This is possibly
because SCSTs tend to generate resistance to chemotherapy
and have high recurrence rates. It may also due to the prese-
lection of patients or ineffective chemotherapeutic regimens.
In addition, multiple studies have found that patients with
stage | and Il disease did not benefit from postoperative che-
motherapy, even if they had high-risk characteristics [34,35].

CLINICAL RESEARCH

This finding suggests that surgery is sufficient for indolent
early-stage cancer, and that chemotherapy can impair qual-
ity of life by serious adverse effects. Several single-nucleo-
tide polymorphisms could be used to identify patients who
are more likely to experience cisplatin-related toxicities [18].
Interestingly, even stage IA patients can experience relapse
after administration of chemotherapy [36]. Since valid evi-
dence on its benefit is still inadequate, individualized assess-
ment and subsequent counseling should be provided before
making clinical decisions.

Generally speaking, our study has several innovative advan-
tages. This study is based on a large cohort of patients from
18 registries, and thus minimizes the selection and surveil-
lance biases and allowed us to reach reliable conclusions. To
better investigate the disputed effect of chemotherapy, we
conducted propensity score matching to eliminate other con-
founding factors such as age, grade, histology, tumor size,
and CA125 levels. Chemotherapy in current clinical practice is
based on FIGO stages, so the stratification of chemotherapy is
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Figure 5.

Overall survival (0S) of SCST patients who underwent surgery. Kaplan-Meier survival curve for patients with sex cord-stromal
tumors. (A) Patients grouped by median value of prognostic index (PI) according to FIGO stages. Red lines represent low-risk
groups, green lines represent high-risk groups. (B, C) Patients at different FIGO stages stratified by whether they received

chemotherapy or not. Red lines represent patients without or unknown if received chemotherapy, green lines represent
patients who received chemotherapy.
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Figure 6. Decision curve analysis for nomogram and FIGO stage. The nomogram was compared to FIGO stage model in regard to 3-
(left) and 5-year (right) overall survival (A) in the overall study population, (B) in the training set, and (C) in the validation
set. The y-axis represents net benefit while the x-axis stands for the threshold probability. “All” refers to the assumption that
all patients reached the endpoint and “none” to the hypothesis that no patients reached the endpoint.

naturally associated with significant difference in FIGO stag-
es, even after PSM. To the best of our knowledge, this is the
first study on sex cord-stromal tumors to provide a survival
prediction model in the form of a nomogram, which has nat-
ural convenience in clinical application. The predictive factors
in our study are practical and readily available. We also pro-
pose that CA125 levels and marital status should be taken
into clinical consideration in subsequent SCST research. The
results of DCA shows that our integrated nomogram has su-
perior clinical utility compared to the FIGO staging system in
prognosis prediction.

With regard to the research methods, some limitations need
to be acknowledged. Firstly, our data was extracted from the
SEER database, and the retrospective design has inherent
deficiencies. The long span of study time entails changes in
treatments and histopathologic evaluation. In addition, sev-
eral important factors are unavailable from the SEER data-
base, including gravidity, parity, chemotherapy regimen, ex-
tent of residual tumors, recurrence, performance status, and
mitotic index. As chemotherapy protocols differ among differ-
ent medical institutions, data from multi-institutional settings
are required to determine the optimal scheme. Information on
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ascites is largely unavailable, although about half of patients
with Sertoli-Leydig cell tumors present with abdominal symp-
toms due to ascites [37]. Further studies on external validation
or reliable indicators are required to build a more accurate pre-
diction model. The lack of clear benefit from chemotherapy also
calls for the development of targeted medication for SCSTs.

Conclusions

We developed an individualized nomogram that can predict
0S of postoperative patients with sex cord-stromal tumors.
The training set and validation set exhibited good discrimina-
tion and calibration and better clinical utility than FIGO stage.
We found that chemotherapy provided the reverse effect for
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overall stages, and further investigation should be carried out
to confirm this finding. In spite of its limitations, this study
offers some insights that may help prognosis evaluation and
clinical decision-making.
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