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Background: Primary peritoneal serous carcinoma (PPSC) is a rare tumor that lacks a
prognostic prediction model. Our study aims to develop a nomogram to predict overall
survival (OS) of PPSC patients.

Methods: Patients confirmed to have PPSC between 2004 and 2012 were selected from
the Surveillance, Epidemiology, and End Results (SEER) database. LASSO and
multivariate Cox regression analyses were used to screen for meaningful independent
prognostic factors to construct a nomogram model for 3-, 5-, and 10-year OS among
patients with PPSC. The nomogram compared the discrimination, calibration, and net
benefits with the International Federation of Gynecology and Obstetrics (FIGO) staging
system of PPSC patients.

Results: Eight variables were selected to establish the nomogram for PPSC. The established
nomogram performed significantly better than the FIGO staging system (p < 0.05). The 3-, 5-,
and 10-year OS of PPSC was 0.498, 0.306, and 0.152, respectively. Patients of old age,
widowed marital status, grade high, FIGO IIIB, IIIC, or IV, lymph node metastasis, no
lymphadenectomy, no surgery, and no chemotherapy got higher score which corresponds
with higher risk and lower OS. In the multivariate Cox regression analysis, age, histological
grade, FIGO staging, lymph node metastasis, and lymphadenectomy (four or more) were
identified as independent prognostic factors for PPSC.

Conclusions: PPSC patients have distinct characteristics with respect to their
presentation and survival outcomes. A prognostic nomogram constructed by various
clinical indicators can provide better andmore accurate predictions for patients with PPSC.
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INTRODUCTION

Primary peritoneal cancer (PPC) is a kind of extraovarian
malignant tumor that widely distributes in the peritoneal
cavity, mainly on the surface of the omentum and peritoneum
with intact ovaries or minimal ovarian involvement (1). PPC
first described by Swerdlow in 1959 is seen predominantly in
elderly and postmenopausal women (2, 3). The incidence rates
for primary ovarian and peritoneal cancers are 5.08 and 0.65 per
100,000 respectively in the US population (4). Primary peritoneal
serous carcinoma (PPSC) approximately accounting for 90% of
PPC, is histologically, molecularly, and clinically similar to stage
III/IV epithelioid ovarian serous carcinoma (5). Unfortunately,
there is no standard treatment for PPSC while it is traditionally
treated in a similar way to stage III/IV epithelioid ovarian serous
carcinoma, including maximum surgical removal of peritoneal
deposits followed by platinum/taxane chemotherapy regimens
(6, 7). The survival rate of patients with PPSC is similar to or 2 to
6 months less than that of ovarian cancer patients (6, 8, 9).

The highest numbers in PPSC occurred in the 65–69 age
group (4). It is estimated that the group of people 65 years and
older will comprise 20.1% of the US population by 2030 (10).
These statistics outline the significance of an increasingly older
cancer population that will require oncologic management
specific for their needs. While the number of elderly women
living in the USA is expected to increase, there is very little data
on the survival and prognosis of elderly women diagnosed with
PPSC (11). Currently, most previous studies on PPSC have
insufficient sample size, incomplete clinical data, short follow-
up time, or single-center deviation, and no study has separately
investigated the potential prognostic variables in patients of
PPSC. The International Federation of Gynecology and
Obstetrics (FIGO) staging system is used to evaluate the
prognosis of PPSC (7). However, no study has compared and
analyzed the effectiveness of FIGO staging system for patients of
PPSC. Therefore, we conducted a large, population-based, long-
term review, and analysis of clinicopathological and treatment
data of PPSC from the Surveillance, Epidemiology, and End
Results (SEER) database.
MATERIALS AND METHODS

Patient Selection
Women diagnosed with PPSC between 2004 and 2012 were
initially identified from the SEER database. The inclusion criteria
were as follows (1): the primary site label was “C48.1-specified
parts of peritoneum” or “C48.2-peritoneum, NOS” (2); the
International Classification of Diseases (ICD) code O-3
morphology was 8441/3, 8460/3, or 8461/3 (3); PPC as the
only or first primary tumor confirmed by histology; and (4)
active follow-up to ensure reliable patient status. The exclusion
criteria were as follows (1): missing information on race, marital
status, histological grade, lymph node status, FIGO staging
Frontiers in Oncology | www.frontiersin.org 2
system based on the American Joint Committee on Cancer
(AJCC) TNM staging system, surgery type, lymphadenectomy,
or chemotherapy (2); patients died within 1 month or were
followed up less than 1 month since initial diagnosis.
Cohort Definition and Variable Recode
The patients diagnosed between 2004 and 2009 were randomly
divided into the training and internal validation cohorts while the
patients diagnosed between 2010 and 2012 were as an external
validation cohort. The training cohort was used to screen variables
and construct the prediction model. The internal and external
validation cohorts were used to validate the results obtained by the
training cohort.

Surgery types included (1) none (2), local tumor excision (3),
simple/partial surgical removal of primary site (4), total surgical
removal of primary site (5), surgery stated to be “debulking,” and
(6) radical surgery (partial or total removal of the primary site
with partial or total removal of other organs). The FIGO staging
system was based on AJCC cancer staging manual (8th edition)
(12) (1): Stage IIIA2: T3a-NX/NO/N1-MO (2), Stage IIIB: T3b-
NX/NO/N1-MO (3), Stage IIIC: T3c-NX/NO/N1-MO, and (4)
Stage IV: TX-NX-M1.
Statistical Analysis
Continuous and categorical data are expressed as frequencies
with percentages. A chi-square test was performed to explore the
relationship between the clinical features of different groups. The
optimal cutoff values of age were assessed by the X-tile software.
Analysis items with p < 0.05 were considered statistically
significant. LASSO and multivariate Cox regression analyses
were performed for all variables, and variables with p < 0.05 in
multivariate Cox regression were identified as independent risk
factors. The chi-square test and Cox regression analysis with 95%
confidence interval (CI) and hazard ratios were calculated.

A nomogram was formulated by the clinical and statistical
significance of multivariate analysis using R version 4.0.3 (http://
www.r-project.org/). Overall survival (OS) was the endpoint of
interest in this study, calculated from diagnosis to death of all
causes or to date of last follow-up in November 2017. Patients
who were alive at the last follow-up were censored. The 3-/5-/10-
year OS were estimated by the prediction model. The nomogram
was validated both internally and externally. The area under the
time-dependent receiver operating characteristic curve (AUC)
calculated by bootstrapping was used to evaluate discriminative
ability. Generally, an AUC value that is greater than 0.7 indicates
a reasonable estimation. Calibration plots were used to evaluate
calibrating ability. Compared with the FIGO staging system, the
decision curve analysis (DCA), integrated discrimination
improvement (IDI), net reclassification index (NRI), and
likelihood ratio test (LR test) were used to evaluate the clinical
benefits and practicality of the nomogram. DCA is a method to
evaluate the clinical benefit of alternative models and is applied to
nomograms by quantifying the net benefit under different
threshold probabilities (13). The curves of all patient treatment
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plans (representing the highest clinical cost) and no treatment
plans (representing no clinical benefit) are drawn as two
references (14). IDI and NRI are two alternative methods of
AUC, used to evaluate the improvement of risk prediction and
measure the effectiveness of the new model (15, 16). In statistics,
LR test is a statistical test used to compare the goodness of fit of
two statistical models (null model and alternative model). The test
is based on a likelihood ratio, which indicates how many times
more likely the data are under one model than the other. Then,
you can use the likelihood ratio or the equivalent logarithm to
calculate the p-value, or compare it with a critical value, to decide
whether to reject the null model (17). The Kaplan-Meier OS
curves were used to test the discrimination of variables.
Frontiers in Oncology | www.frontiersin.org 3
RESULTS

Characteristics of Patients and Disease
A total of 691 patients diagnosed as PPSC between 2004 and 2009
were enrolled as a developmental cohort and randomly divided
into a training cohort and an internal validation cohort by a ratio
of 7:3. Meanwhile, 292 patients diagnosed as having PPSC
between 2010 and 2012 were enrolled as an external validation
cohort. The basic characteristics of patients are listed in Table 1.
The training and internal validation cohorts had no significant
difference (p > 0.05). Patients of age between 53 and 76 (74.0% vs.
70.5%), white ethnicity (91.2% vs. 87.0%), married women (59.8%
vs. 62.7%), poorly differentiated carcinoma (50.8% vs. 45.6%), and
TABLE 1 | Baseline demographic and clinical characteristics of patients with PPSC.

Characteristics Training cohort Internal validation cohort p-Value Total developmental
cohort (2004–2009)

External validation
cohort (2010–2012)

p-Value

N 487 204 691 292
Age 0.404 0.317
21–52 55 (11.3%) 26 (12.7%) 81 (11.7%) 33 (11.3%)
53–76 354 (72.7%) 157 (77.0%) 511 (74.0%) 206 (70.5%)
77–91 78 (16.0%) 21 (10.3%) 99 (14.3%) 53 (18.2%)

Race 0.722 0.076
White 44 6(91.6%) 184 (90.2%) 630 (91.2%) 254 (87.0%)
Black 13 (2.7%) 5 (2.5%) 18 (2.6%) 15 (5.1%)
Other 28 (5.7%) 15 (7.3%) 43 (6.2%) 23 (7.9%)

Marital status 0.830 0.627
Single 50 (10.3%) 22 (10.8%) 72 (10.4%) 32 (11.0%)
Married 287 (58.9%) 126 (61.8%) 413 (59.8%) 183 (62.7%)
Divorced/separated 63 (12.9%) 25 (12.2%) 88 (12.7%) 29 (9.9%)
Widowed 87 (17.9%) 31 (15.2%) 118 (17.1%) 48 (16.4%)

Histological grade 0.977 0.195
Low 26 (5.3%) 11 (5.4%) 37 (5.4%) 10 (3.4%)
High 461 (94.7%) 193 (94.6%) 654 (94.6%) 282 (96.6%)

FIGO staging 0.660 <0.001
IIIA2 17 (3.5%) 11 (5.4%) 28 (4.0%) 16 (4.5%)
IIIB 30 (6.2%) 14 (6.8%) 44 (6.4%) 21 (6.6%)
IIIC 154 (31.6%) 65 (31.9%) 219 (31.7%) 171 (39.7%)
IV 286 (58.7%) 114 (55.9%) 400 (57.9%) 84 (49.2%)

Lymph nodes 0.223 0.622
N 348 (71.5%) 155 (76.0%) 503 (72.8%) 217 (74.3%)
Y 139 (28.5%) 47 (24.0%) 188 (27.2%) 75 (25.7%)

Lymphadenectomy 0.574 0.421
N 263 (54.0%) 117 (57.4%) 380 (55.0%) 160 (54.8%)
1–3 60 (12.3%) 20 (9.8%) 80 (11.6%) 42 (14.4%)
4 or more 164 (33.7%) 67 (32.8%) 231 (33.4%) 90 (30.8%)

Surgery 0.904 <0.001
N 30 (6.2%) 8 (3.9%) 38 (5.5%) 5 (1.7%)
Local 8 (1.6%) 3 (1.5%) 11 (1.6%) 0 (0.0%)
Partial 25 (5.1%) 12 (5.9%) 37 (5.4%) 11 (3.8%)
Total 13 (2.7%) 5 (2.4%) 18 (2.6%) 14 (4.8%)
Debulking 260 (53.4) 111 (54.4%) 371 (53.7%) 186 (63.7%)
Radical 151 (31.0%) 65 (31.9%) 216 (31.2%) 76 (26.0%)

Chemotherapy 0.596 0.074
N 67 (13.8%) 25 (12.3%) 92 (13. 3%) 27 (9.2%)
Y 420 (86.2%) 179 (87.7%) 599 (86.7%) 265 (90.8%)

Survival outcome 0.763 <0.001
Dead 408 (83.8) 169 (82.8) 577 (83.5) 213 (72.9)
Censor 79 (16.2) 35 (17.2) 114 (16.5) 79 (27.1)

Median follow-up time 114 (104–124) 120 (109–131) 0.679 117 (108–125) 63 (59–67) <0.001
Median survival time 34 (30–38) 42 (34–49) 0.301 38 (35–41) 36 (32–39) 0.812
August
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FIGO Stage IV (57.9% vs. 49.2%) constituted the majority of both
the developmental and external cohorts. However, the whole
population had a relatively low rate of lymph nodes metastasis
(27.2% vs 25.7%) in the developmental and external cohorts.
Moreover, most of patients did not receive lymphadenectomy
(55.0% vs 54.8%). Debulking surgery (53.7% vs 63.7%) was the
main type of surgery underwent by PPSC patients and about 90%
of patients received chemotherapy (86.7% vs 90.8%) in the
developmental and external cohorts. The median follow-up
time was 117 months (95% CI: 108–125) in the developmental
cohort while 63 months (95% CI: 59–67) in the external
validation cohort, respectively (p < 0.001). The median survival
time was 38 months (95% CI: 35–41) in the developmental cohort
and 36 months (95% CI: 32–39) in the external validation cohort,
respectively (p = 0.812).
Frontiers in Oncology | www.frontiersin.org 4
Nomogram Variable Screening
According to LASSO and stepwise regression results, the model
containing age, marital status, histological grade, FIGO staging,
lymph nodes metastasis and lymphadenectomy had minimal
AIC value in the training cohort. Nevertheless, it is important to
consider both clinical and statistical significance when selecting
variables for inclusion (18). Therefore, we added surgery type
and chemotherapy into the prediction model (Figure 1), because
they are the main treatment correlated with prognosis in clinical
practice for PPSC patients. In the multivariate Cox regression
analysis, age, histological grade, FIGO staging, lymph node
metastasis and lymphadenectomy (four or more) were
identified as independent prognostic factors for PPSC
(Table 2). As the nomogram showed (Figure 1), every variable
had a corresponding nomogram score listed in the Table 2.
FIGURE 1 | Survival nomogram to predict the 3-, 5-, and 10-year OS of PPSC patients.
August 2021 | Volume 11 | Article 651969
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Nomogram Validation
The time-dependent receiver operating characteristic curves were
generated to further evaluate the predictive performance for 3-, 5-,
and 10-year OS (AUC = 0.701, 0.747, and 0.824 in the training
cohort and AUC = 0.717, 0.725, and 0.736 in the internal validation
cohort, respectively) (Figures 2A, B). Due to shorter follow-up
time in the external validation cohort, we only calculated the
predictive performance for 3- and 5-year OS (AUC = 0.701 and
0.726, respectively) (Figure 2C). All the AUC values are greater
than 0.7 for the prediction of OS in both the training and validation
cohorts, indicating favorable discrimination by the nomogram.
Additionally, the calibration curves for the probability of 3-, 5-, and
10-year survival exhibited an optimal agreement between the
predicted and observed OS (Supplementary Figure 1). As above,
the survival nomogram for prediction of PPSC patients had
considerable discriminative and calibrating abilities.

Clinical Value of the Nomogram Compared
With the FIGO Staging System
Additionally, DCA curves showed that the nomogram added
more net benefits than the FIGO staging system (Supplementary
Figure 2). The changes in IDI and NRI indicated that the
Frontiers in Oncology | www.frontiersin.org 5
nomogram had greater accuracy for predicting prognosis of
PPSC patients than the FIGO staging system (Supplementary
Table 1). LR test was also used for comparing the goodness of
fit of the survival nomogram and the FIGO staging system,
which further proved the effectiveness of the nomogram
(Supplementary Table 1).

Clinical Example
Supplementary Figure 3 shows screenshots of the updated web
calculator with a clinical example which can be found at https://
peritoneal-carcinoma.shinyapps.io/peritoneal-carcinoma/.
Clinicians can log in to the website and enter patient characteristics
to automatically predict prognosis of PPSC patients.
TABLE 2 | Multivariate Cox regression analysis and nomogram score of
variables in the nomogram.

Variable Multivariate analysis Nomogram
score

HR 95% CI p-Value

Age 1.022 1.011–1.033 <0.001 1.4* (Age–25)
Marital status
Single 1 5
Married 0.926 0.662–1.297 0.655 0
Divorced/separated 1.311 0.864–1.989 0.203 23
Widowed 1.525 1.023–2.273 0.038 33

Histological grade
Low 1 0
High 2.928 1.598–5.367 <0.001 70

FIGO staging
IIIA2 1 0
IIIB 1.568 0.729–3.376 0.219 31
IIIC 2.481 1.258–4.893 0.008 61
IV 3.019 1.546–5.896 <0.001 74

Lymph node metastasis
N 1 0
Y 1.489 1.141–1.942 0.003 26

Lymphadenectomy
N 1 42
1–3 0.789 0.573–1.087 0.147 26
4 or more 0.528 0.4004–0.696 <0.001 0

Surgery
N 1 44
Local 0.665 0.249–1.774 0.415 17
Partial 0.802 0.434–1.482 0.482 29
Total 0.514 0.237–1.115 0.092 0
Debulking 0.847 0.552–1.299 0.446 33
Radical 0.723 0.458–1.143 0.165 23

Chemotherapy
N 1 5
Y 0.919 0.681–1.240 0.596 0
FIGO, the International Federation of Gynecology and Obstetrics.
*means multiply by.
A

B

C

FIGURE 2 | Time-dependent receiver operating characteristic curves for
predicting the 3-, 5-, and 10-year OS of PPSC patients in the training (A),
internal validation (B), and external validation (C) cohorts.
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DISCUSSION

We structured a survival nomogram predicting 3-, 5-, or 10-year
survival more accurately than the FIGO staging system maybe a
useful tool to better predict prognosis and optimize therapeutic
regimes for patients with PPSC. The median follow-up time was
117 months (95% CI: 108–125) and 83.5% (577/691) of patients
were observed ending event during follow-up. Therefore, these
data could well predict the OS of PPSC patients within 10 years.
The 3-, 5-, and 10-year OS of PPSC patients was 0.498 (standard
error (SE): 0.019), 0.306 (SE: 0.018), and 0.152 (SE: 0.015),
respectively. The median survival time was 38 months (95% CI:
35–41) longer than most of the previous studies (2, 3, 6, 19–23),
which may be due to the longer follow-up time in this study.

In published nomograms, the range of variables considered is
usually based on data availability and clinical evidence rather than
on statistical significance (18). Surgery and chemotherapy are the
main therapies for PPSC patients. Given their clinical significance,
they should be added into the prediction model. The effectiveness
of the nomogram had been verified by the internal and external
validation cohorts. From the nomogram, we found that patients of
old age, widowed marital status, grade high, FIGO IIIB, IIIC, or
IV, lymph node metastasis, no lymphadenectomy, no surgery, and
no chemotherapy got higher score which corresponds with higher
risk and lower OS. Measured by standard deviation along
nomogram scales, age, histological grade, and FIGO staging
system were the top 3 prognostic factors, followed by
lymphadenectomy and surgery type (Figure 1). To use the
nomogram, each variable of a patient has a specific point based
on specific value. The sum of the points of all variables is the total
points of the patient, and finally the corresponding 3-, 5-, and 10-
year OS is found (Figure 1). In order to make it more convenient
for clinicians to use, you can log in to the website (https://
peritoneal-carcinoma.shinyapps.io/peritoneal-carcinoma/) and
enter patient characteristics to automatically predict OS of PPSC
patients (Supplementary Figure 3).

As we can see in the nomogram, OS decreases with age for
PPSC patients. Multivariate analysis revealed that age was an
independent prognostic factor of PPC patients. The X-tile
software used the ages of 52 and 76 as the cutoff points, which
could better distinguish the OS (Figure 3A). The median age was
65 years old and about 54.4% patients were over 65 years old in
this study similar with Bloss’s and Eltabbakh’s studies (3, 23).
The 3-, 5-, and 10-year OS of PPSC patients under 65 years old
was 0.577 (SE: 0.028), 0.306 (SE: 0.027), and 0.152 (SE: 0.025),
respectively. However, the 3- and 5-year OS of PPSC patients
over 65 years old was only 0.433 (SE: 0.026) and 0.104
(SE: 0.016), respectively, which was significantly decreased.
Unfortunately, the 5-year OS of PPSC patients over 65 years
old was only one-third of the 5-year OS of PPSC patients
under 65 years old and even lower than the 10-year OS of
PPSC patients under 65 years old. The poor prognosis of
elder PPSC patients may be mainly due to the high incidence
of medical comorbidities, poor basic conditions, inability to
tolerate surgery and chemotherapy, and lack of active
treatment options in an older and more common terminal
Frontiers in Oncology | www.frontiersin.org 6
disease population (11, 24–27). In consequence, with
increasingly aging of population, more researches are urgently
needed to improve the treatment of elderly patients of PPSC.

There is increasing evidence that histology plays
an important role in overall patient’s prognosis (28–31).
Currently, the histological grade of PPSC refers to the two-
level grading system for ovarian serous carcinomas proposed by
Malpica et al. of M.D. Anderson Cancer Center (MDACC),
consisting of low grade and high grade (7, 32, 33). The binary
grading system for serous carcinoma is based primarily on the
assessment of nuclear atypia with the mitotic count used as a
secondary criterion. Traditionally, serous carcinomas have been
graded as well, moderately, or poorly differentiated. Low-grade
serous carcinomas in this system have a high correlation with
grade 1 tumors, and high-grade serous carcinomas have a high
correlation with grades 2 and 3 tumors in the Shimizu–Silverberg
and the FIGO grading systems. There is very little data on the
effect of histological grade on the prognosis of PPSC. In this
study, the average ages of the low- and high-grade patients are
52.9 and 65.4 years old, and the median survival times of the low-
and high-grade patients are 114 and 34 months (Figure 3B),
respectively. The major clinical features of low-grade PPSC were
similar to the previous research published by Gershenson et al.
(34, 35), including relative young age at diagnosis, prolonged OS,
and relative chemoresistance. Unfortunately, about 94.6% of
PPSC patients were diagnosed of high grade with older age
and poor prognosis in this study.

Many authors believed that optimal cytoreduction could
significantly improve prognosis of PPC patients (23, 36, 37).
However, PPC is generally of multifocal and multiclonal origin
and is diffusely scattered on the peritoneal surface of the
abdominopelvic peritoneum, diaphragm, liver, porta hepatis,
spleen, and the mesentery of the small bowel and stomach (38).
Therefore, debulking surgery is not always optimal for PPC
patients. In the series reported by Fromm et al., the rate of
successful debulking surgery was only 41% (39). Dubernard et al.
obtained a similar rate in their study (9). In this study, only 53.7%
of PPSC patients underwent debulking surgery while 31.2% of
PPSC patients underwent radical surgery. Interestingly, Kaplan-
Meier analysis showed that the OS of radical surgery was similar
to or even better than debulking surgery (Figure 3C). This study
inspired us that radical surgery by removing the spreading organs
to minimize the residual tumor may have a better therapeutic
effect than debulking surgery. Extensive resection of upper
abdominal metastases was recommended for patients who can
tolerate this surgery (7, 40, 41). In addition, the research reported
by Zhang et al. suggested that if radical resection of tumors
becomes very difficult and may result in severe injuries, the
operative range should be limited so that postoperative
combined chemotherapy could be administered as soon as
possible, and finally interval surgery could be an alternative for
PPC patients (37).

The pathological spread of PPSC malignant cells through
lymphatic vessels and lymph nodes is not clear (42).
Steinhagen et al. reviewed four of the studies and found that
they all recommended systematic pelvic and paraaortic
August 2021 | Volume 11 | Article 651969
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lymphadenectomy when an optimal debulking surgery was
achieved (42–46). However, there is no consensus on the
therapeutic value of systematic lymphadenectomy for PPSC
patients and that the prolonged operation may increase the risk
for morbidity (43, 47). Although only 27.2% of patients had positive
lymphatic metastasis in this study, 45% of patients with
lymphadenectomy showed significantly higher OS than those
without lymphadenectomy regardless of whether they had lymph
Frontiers in Oncology | www.frontiersin.org 7
node metastasis (Figures 3D and 4A) (p < 0.05). What is more, the
nomogram suggested that removal of four or more lymph nodes
had lower mortality risk than one to three lymph nodes (Figure 1).
This result may be because the precise nodal status can only be
ascertained after complete lymphadenectomy which helps to
remove residual lesions more radically. The National
Comprehensive Cancer Network (NCCN) guidelines
recommended that removal of lymph nodes noted to have
A B

C D

E F

FIGURE 3 | Kaplan-Meier OS curves of age (A), histological grade (B), surgery type (C), lymphadenectomy (D), FIGO staging system (E), and risk stratification (F) in
the developmental cohort.
August 2021 | Volume 11 | Article 651969
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potential metastasis at the time of initial diagnosis should be
considered, even if not currently suspicious or enlarged (7). In
addition, we found that lymphadenectomy did not improve the
prognosis of patients with low-grade PPSC while significantly
improved the prognosis of patients with high-grade PPSC
(Figure 4B). Consequently, active lymphadenectomy could
significantly improve the prognosis of patients with high-grade
PPSC regardless of whether they had lymph node metastasis. More
prospective studies are needed to verify this conclusion.

According to the NCCN guidelines (7), the FIGO staging
system (8th edition) is used to evaluate the prognosis of ovarian,
fallopian tube, and PPC (12). However, different prognosis was
observed among patients at the same stage. This prognosis
heterogeneity can be explained by its major limitation that
disregards other factors, such as age, pathology, marital status,
and therapeutic regimen. Using the Kaplan-Meier method, we
found that FIGO staging IIIB and IIIC could not distinguish the
patient’s prognosis well (Figure 3E), and there was less evidence
that the cutoff value of 2 cm of macroscopic peritoneal metastasis
beyond pelvis had significance of distinguishing the prognosis of
PPSC patients. Therefore, we constructed a nomogram that
involved these characters to predict individual OS more
accurately, proved by the positive NRI, IDI, and LR tests of the
nomogram versus the FIGO staging system. We made a risk
stratification divided into three equal parts named as low,
Frontiers in Oncology | www.frontiersin.org 8
middle, and high risks based on the risk score predicted by the
prediction model. The Kaplan-Meier OS curves exhibited
significant difference among the three risk groups (Figure 3F).

As a retrospective review, there are several limitations to this
study, such as incomplete data, a long study period, inconsistent
therapies, changing classification standard, and other
confounding factors. However, strengths of this study are that
this is a large, population-based, long-term review, and analysis
of clinicopathological and treatment data of PPSC, and our
results suggest that PPSC patients have distinct characteristics
with respect to their presentation and survival outcomes. The
extensive geographical distribution of patients from population-
based cancer registries covering approximately 34.6% of the US
population minimizes potential surveillance and selection biases.
At the same time, the data of the internal validation and the
external validation are both from the SEER database, which may
have some impact on its application. Therefore, it is necessary to
use other databases for further validation in the future. We
followed the recommendation of the transparent reporting of a
multivariable prediction model for individual prognosis or
diagnosis (TRIPOD) statement to develop and validate the
nomogram (48). In addition, we also created a web calculator
based on the same clinical prediction model convenient for
clinicians to calculate the OS of each patient and formulate
individualized therapeutic regimen.
A

B

FIGURE 4 | Kaplan-Meier OS curves of lymphadenectomy in lymph node metastasis groups (A) and histological-grade groups (B) of PPSC patients in the
developmental cohort.
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CONCLUSION

In view of the higher accuracy, better clinical application effect,
and more accurate prognosis prediction compared with the
FIGO staging system, our nomogram may be a useful tool to
predict prognosis of PPSC patients. Additional research is
wanted to further understand the carcinogenesis of PPSC by
incorporating translational research with clinical endpoints.
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Node Spread in Stage III or IV Primary Peritoneal Serous Papillary
Carcinoma. Gynecol Oncol (2005) 97(1):136–41. doi: 10.1016/j.ygyno.2004.
12.002

45. Aletti GD, Powless C, Bakkum-Gamez J, Wilson TO, Podratz KC, Cliby WA.
Pattern of Retroperitoneal Dissemination of Primary Peritoneum Cancer:
Basis for Rational Use of Lymphadenectomy. Gynecol Oncol (2009) 114
(1):32–6. doi: 10.1016/j.ygyno.2009.03.020

46. Ayhan A, Taskiran C, Yigit-Celik N, Bozdag G, Gultekin M, Usubutun A, et al.
Long-Term Survival After Paclitaxel Plus Platinum-Based Combination
Chemotherapy for Extraovarian Peritoneal Serous Papillary Carcinoma: Is it
Different From That for Ovarian Serous Papillary Cancer? Int J Gynecol
Cancer (2006) 16(2):484–9. doi: 10.1111/j.1525-1438.2006.00590.x

47. Panici PB, Maggioni A, Hacker N, Landoni F, Ackermann S, Campagnutta E,
et al. Systematic Aortic and Pelvic Lymphadenectomy Versus Resection of
Bulky Nodes Only in Optimally Debulked Advanced Ovarian Cancer: A
Randomized Clinical Trial. J Natl Cancer Inst (2005) 97(8):560–6.
doi: 10.1093/jnci/dji102

48. Collins GS, Reitsma JB, Altman DG, Moons KG. Transparent Reporting of a
Multivariable Prediction Model for Individual Prognosis or Diagnosis
(TRIPOD): The TRIPOD Statement. Bmj (2015) 350:g7594. doi: 10.1136/
bmj.g7594

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Chen, Wen, Qi and Gao. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication in
this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.
August 2021 | Volume 11 | Article 651969

https://doi.org/10.1006/gyno.1996.0060
https://doi.org/10.1006/gyno.1997.4843
https://doi.org/10.1006/gyno.1998.5090
https://doi.org/10.1016/j.jgo.2016.07.008
https://doi.org/10.1016/s1040-8428(03)00100-8
https://doi.org/10.1081/cnv-100104287
https://doi.org/10.1002/1097-0142(19940115)73:2%3C377::aid-cncr2820730223%3E3.0.co;2-
https://doi.org/10.1002/1097-0142(19940115)73:2%3C377::aid-cncr2820730223%3E3.0.co;2-
https://doi.org/10.1002/cncr.24915
https://doi.org/10.1038/bjc.2011.455
https://doi.org/10.1002/cncr.25460
https://doi.org/10.1245/s10434-010-0964-9
https://doi.org/10.1245/s10434-010-0964-9
https://doi.org/10.1097/00000478-200404000-00009
https://doi.org/10.1097/PAS.0b013e31803199b0
https://doi.org/10.1200/jco.2015.61.0873
https://doi.org/10.1093/annonc/mdw085
https://doi.org/10.1111/j.1048-891x.2004.14008.x
https://doi.org/10.1631/jzus.B0820051
https://doi.org/10.1159/000010311
https://doi.org/10.1159/000010311
https://doi.org/10.1016/0020-7292(90)90699-L
https://doi.org/10.1016/0020-7292(90)90699-L
https://doi.org/10.1016/j.ygyno.2006.06.028
https://doi.org/10.1016/j.ygyno.2009.03.018
https://doi.org/10.1002/jso.10166
https://doi.org/10.1002/jso.10166
https://doi.org/10.1016/B978-0-12-416721-6.00047-9
https://doi.org/10.1016/B978-0-12-416721-6.00047-9
https://doi.org/10.1016/j.ygyno.2004.12.002
https://doi.org/10.1016/j.ygyno.2004.12.002
https://doi.org/10.1016/j.ygyno.2009.03.020
https://doi.org/10.1111/j.1525-1438.2006.00590.x
https://doi.org/10.1093/jnci/dji102
https://doi.org/10.1136/bmj.g7594
https://doi.org/10.1136/bmj.g7594
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Development and Validation of Prognostic Nomogram for Primary Peritoneal Serous Carcinoma Compared With FIGO Staging System: A Population-Based Study
	Introduction
	Materials and Methods
	Patient Selection
	Cohort Definition and Variable Recode
	Statistical Analysis

	Results
	Characteristics of Patients and Disease
	Nomogram Variable Screening
	Nomogram Validation
	Clinical Value of the Nomogram Compared With the FIGO Staging System
	Clinical Example

	Discussion
	Conclusion
	Data Availability Statement
	Author Contributions
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


