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Objectives: We aims to develop nomograms to predict progression-free
survival (PFS) and overall survival (OS) in patients with ovarian clear cell
carcinoma (OCCC) after primary treatment and compare the predictive
accuracy with the currently used International Federation of Gynecology and
Obstetrics (FIGO) system.

Methods: We collected data from 358 Chinese patients diagnosed with OCCC
and who underwent standard treatment at our hospital. Patients diagnosed
from 1982-9 to 2011-12 were classified as the training group and patients
diagnosed from 2012-1 to 2016-11 were classified as the validation group.
Nomograms were developed based on the training group and was validated in
the validation group. The predictive performance was determined by
concordance index and calibration curve.

Results: The most predictive nomogram for PFS was constructed using
variables: thrombosis, the FIGO staging, residual of the tumor and distant
metastasis, with a concordance index of 0.738. While the nomogram for OS
consisted of thrombosis, lymph node metastasis, residual of the tumor,
malignant ascites/washing, and platinum resistance, with a concordance
index of 0.835. The nomograms were internally validated by concordance
indexes of 0.775 and 0.807 for predicting PFS and OS, respectively. In
comparison, the concordance statistics for OS based on the FIGO staging
was significantly lower (P<0.05).

Conclusion: We have established two prognostic nomograms for recurrence
and long-term survival in patients with OCCC after primary treatmentin a large
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Chinese center and validated them in patients from the same center. This tool
used variables specifically related to OCCC and was more accurate than the
FIGO system. It is relatively easy to use in clinic for patient counseling,
postoperative management, and follow-up for individual patients.
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nomogram, ovarian clear cell carcinoma, progression-free survival, overall survival,

predictive model

Introduction

Ovarian clear cell carcinoma (OCCC) is a rare subtype of
epithelial ovarian cancer in the United States, while it represents
11.1% of epithelial ovarian cancer in Asians (1-3). In general,
OCCC is thought to have different biological characteristics
from other types of epithelial ovarian cancer. OCCC is found
to arise from endometriosis or clear cell adenofibroma, and is
likely to be diagnosed at early-stage, with a relatively good
prognosis (2, 4-6). However, advanced-stage OCCC is found
to have poor prognosis due to its resistance to chemotherapy
(1, 7).

Nomograms have been developed to be an alternative
standard for cancer prognosis in recent years (8, 9). Several
nomograms have been established on epithelial ovarian cancer
(10, 11). However, most nomograms on epithelial ovarian cancer
are based on mixed histology of epithelial ovarian cancer, with
high-grade serous ovarian cancer being the most common type.
Predictors of different types of epithelial ovarian cancer are
different and there is rare attempt to establish a nomogram
especially on OCCC.

Considering the relative high incidence of OCCC in Asians,
the present study enrolled OCCC patients treated at Department
of Obstetrics and Gynecology in Peking Union Medical College
Hospital, a large ovarian carcinoma center in China and the aims
of the present study were to identify significant indicators and
develop nomograms for progression-free survival (PES) and
overall survival (OS) for patients with OCCC in China. In
addition, the present study compared the predictive accuracy
with the currently used International Federation of Gynecology
and Obstetrics (FIGO) staging system.

Methods
Participants

Patients diagnosed with pure OCCC and treated in Peking
Union Medical College Hospital, Beijing, China from 1982-9 to
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2016-11 were enrolled in our study. Patients with early stage
(stage I and II) OCCC have undergone radical surgical staging
(RSS) including total abdominal hysterectomy, bilateral
salpingo-oophorectomy, systematic pelvic and para-aortic
lymphadenectomy, and radical omentectomy. Patients with
advanced OCCC (stage IIT and IV) have received either
primary debulking surgery (PDS), followed by platinum and
taxane chemotherapy, or neoadjuvant chemotherapy (NACT),
followed by interval debulking surgery (IDS) and subsequent
chemotherapy. Although optimal debulking (less than 1 cm in
maximum diameter of residual tumor) or complete resection (no
residual tumor) is desirable, those with unresectable tumors
received suboptimal debulking surgery. In terms of surgical
approaches, both laparotomy and laparoscopy were performed
by our center.

They all received adjuvant platinum-based chemotherapy
after primary surgery. Women who did not received surgery,
women who did not received platinum-based chemotherapy
after primary surgery, women with mixed type of ovarian
carcinoma and women with concurrent cancer other than
ovarian cancer were excluded. All participants provided
written informed consent. The study was approved by the
Ethics Committee of Peking Union Medical College Hospital
(S-K903).

For the assessment of survival, PFS was defined as the time
from diagnosis to the date of disease progression or end of the
study. OS was defined as the time from the date of initial
diagnosis to the date of cancer-related death or loss of follow-up.

Variables

Preoperative demographics and clinical information such as:
diagnosed age, body mass index, carbohydrate antigen 125
before operation, endometriosis, thrombosis, past medical
history, operative procedure, postoperative chemotherapy
(taxane and platinum based chemotherapy), the FIGO staging
(according to the 2014 the FIGO staging for ovarian, fallopian
tube and peritoneal cancer), macroscopical information
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(maximal tumor diameter, bilateral or unilateral of tumor, and
the residual of the tumor), microscopical information (histologic
type, the presence of lymph node metastasis, peritoneal cytology,
and malignant ascites or washing), and mode of recurrence and
death were collected from medical records and clinical follow-up
visit. We also analyzed platinum resistance: Patients who
showed recurrence in less than 6 months after completion of
primary treatment were classified into platinum resistant group,
while patients who relapsed 6 months or more or those who
completed taxane and platinum-based chemotherapy and did
not experience disease recurrence for at least 6 months of the
follow-up period were classified into platinum sensitive group.
Patients with insufficient observable time to determine platinum
sensitivity were also excluded.

Statistical analyses

Categorical variables were compared using the x2 test or
Fisher’s exact test. Continuous variables were compared using
the t test or Mann-Whitney U test for variables with an
abnormal distribution. In the univariate analysis, crude
analyses were performed to identify potential risk factors.
Then, multivariate analyses with backward procedures were
used to select the best-fit model. A statistical significance level
of 0.20 was used to select variables into the model.

Stage I and II were combined and Stage III and IV were
combined in the FIGO staging due to the small sample size of
Stage II and Stage IV patients. Platinum resistance was
considered a variable in the analyses of OS prognosis.

Patients diagnosed from 1982-9 to 2011-12 were classified as
the training group and patients diagnosed from 2012-1 to 2016-
11 were classified as the validation group. Nomograms were
constructed based on the results of multivariate analysis to
predict PFS, and OS from the training group. The
performance of the nomogram was measured by concordance
index and calibration curve using a bootstrapped sample. Model
validation was performed using bootstrap resampling to
quantify the overfitting of our modeling strategy and predict
future performance of the model. Then, internal validation was
performed on the validation group. Statistical analyses were
performed using the package in R version 2.14.1 (http://www.
r-project.org/).

Results

A total of 358 patients were included in the study, with 247
(69.0%) enrolled in the training group and 111 (31.0%) recruited
in the validation group. The mean diagnosed age was 49.5 + 10.5
years. Of these patients, 13.69% had thrombosis and 37.63% had
endometriosis before operation. The training group and
validation group had no significant difference in age, body
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mass index, thrombosis, endometriosis, surgical approaches
and surgical procedures. The validation group underwent less
advanced-stage patients and less residual tumor than the
training group (Table 1).

At the end of this study, recurrence occurred in 130 (36.3%)
patients, while 55 (15.4%) patients were lost to follow-up, and
173 (48.3%) patients remained progression-free. 61 (17.0%)
patients had died of OCCC, 34 (9.5%) patients were lost to
follow-up, and 263 (73.5%) patients remained alive.

Backward stepwise selection in Cox proportional hazards
regression model identified several variables that were the most
associated with PFS and OS, respectively (Tables 2, 3). Then,
nomograms were developed using the selected variables
(Figures 1, 2). The nomogram for the prediction of PFS
included thrombosis, the FIGO staging, residual of the tumor,
distant metastasis. Each factor was assigned a weighted point
and patients with a higher total score had a higher risk for
recurrence. Discrimination of the model measured by the
Harrell concordance index was 0.738 (Figure 1). By the same
algorithm, the nomogram for predicting OS was developed. The
nomogram consisted of thrombosis, lymph node metastasis,
residual of the tumor, malignant ascites/washing, and
platinum resistance, with a Harrell concordance index of
0.835 (Figure 2).

Bootstrap validation of the model with 500 iterations
revealed minimal evidence of model overfit. The calibration
plot of the models showed good predictive accuracy (Figures 3,
4). In the validation cohort, the concordance index of were 0.775
and 0.807 for predicting PFS and OS, respectively.

In comparison, the concordance statistics for PFS and OS of
OCCC based on the FIGO staging were 0.715 and 0.727,
respectively. The concordance indice of the FIGO staging for
OS was significantly lower than that of the nomogram (P < 0.05)
while the concordance indice for PFS showed no significance.

Discussion

In the present study, we successfully established nomograms
for predicting PFS and OS of patients with OCCC in a large
ovarian cancer center in China. The Harrell concordance indexes
of these models were 0.873, 0.738 and 0.835, respectively.

OCCC is thought to have different biological characteristics
from other types of epithelial ovarian cancer while there are rare
attempts to establish a nomogram especially on OCCC.
Therefore, we successfully established nomograms using
special prognostic factors in this type of ovarian cancer. In
addition, it was firstly demonstrated that our nomogram was
more accurate than the FIGO system. It is relatively easy to use
in clinic for patient counseling, postoperative management, and
follow-up for individual patients.

Such predictive nomograms are of great clinical value with
the era of precision medicine. In clinic, these indicators were
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TABLE 1 Patients’ characteristics.

Variables

Age of diagnosis/y (mean + standard deviation)
Body mass index of diagnosis/kg/m2 (mean + standard deviation)
Thrombosis n(%)
No n (%)
Yes n (%)
Endometriosis n(%)
No n (%)
Yes n (%)
Elevated Carbohydrate antigen 125 n(%)
No n (%)
Yes n (%)
Surgical approaches
Laparotomy n(%)
Laparoscopy n(%)
Surgical procedures for patients with advanced stages
Primary debulking surgery n(%)
Interval debulking surgery n(%)
Tumor side
Unilateral n(%)
Bilateral n(%)
The International Federation of Gynecology and Obstetrics staging
1 n(%)
1I n(%)
III n(%)
IV n(%)
Maximal diameter/cm (mean + standard deviation)
Lymph node metastasis
Negative n (%)
Positive n (%)
Residual of the tumor n(%)
Negative n (%)
Positive n (%)
Ascites/malignant washing n(%)
Negative n (%)
Positive n (%)
Peritoneal cytology n(%)
Negative n (%)
Positive n (%)
Distant metastasis n(%)
Negative n (%)

Positive n (%)

All patient:
(n = 358)

49.5 £ 10.5
22.6 £ 3.1

309 (86.31%)
49 (13.69%)

179 (62.37%)
108 (37.63%)

159 (44.41%)
199 (55.59%)

326 (91.06%)
32 (8.94%)

72 (52.17%)
66 (47.83%)

265 (74.86%)
89 (25.14%)

196 (54.75%)
24 (6.7%)
120 (33.52%)
18 (5.03%)
11.1 £ 6.7

287 (82%)
63 (18%)

274 (76.54%)
84 (23.46%)

296 (82.68%)
62 (17.32%)

228 (63.69%)
130 (36.31%)

340 (94.97%)
18 (5.03%)

found to be of great significance for prediction. For example, if

an OCCC patient comes to the clinic after primary treatment,

the doctor can directly tell him/her the probability of recurrence

and prediction of OS using our nomograms. In addition, this
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s Training group Validation group P value
(n = 247) (n=111)
50.0 £ 10.5 48.4 £ 104 0.197
255+7.2 22527 0.704
0.119
208 (84.21%) 101 (90.99%)
39 (15.79%) 10 (9.01%)
0.726
111 (61.33%) 68 (64.15%)
70 (38.67%) 38 (35.85%)
0.010
107 (43.32%) 52 (46.85%)
140 (56.68%) 59 (53.15%)
0.405
227 (91.90%) 99 (89.19%)
20 (8.10%) 12 (10.81%)
0.006
59 (54.63%) 13 (43.33%) 0.273
49 (45.37%) 17 (56.67%)
0.006
171 (70.37%) 94 (84.68%)
72 (29.63%) 17 (15.32%)
0.004
122 (49.39%) 74 (66.67%)
17 (6.88%) 7 (6.31%)
97 (39.27%) 23 (20.72%)
11 (4.45%) 7 (6.31%)
113 + 56 10.8 + 8.5 0.529
0.082
193 (79.42%) 94 (87.85%)
50 (20.58%) 13 (12.15%)
0.002
177 (71.66%) 97 (87.39%)
70 (28.34%) 14 (12.61%)
0.261
200 (80.97%) 96 (86.49%)
47 (19.03%) 15 (13.51%)
0.002
144 (58.3%) 84 (75.68%)
103 (41.7%) 27 (24.32%)
0.631
236 (95.55%) 104 (93.69%)
11 (4.45%) 7 (6.31%)

model will have a great effect on guiding the next treatment plan
in clinical work. If a patient has a high risk of recurrence, more
aggressive treatments such as intraperitoneal chemotherapy and
more frequent follow-up might be reccommended. Therefore, our
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TABLE 2 Progression-free survival of patients with ovarian clear cell carcinoma.

Variables Univariate analysis Multivariate analysis
Harzard 95% Confidence P Harzard 95% Confidence P
ratio interval value ratio interval value
Age of diagnosis/y 1.01 0.99-1.03 0.332
Body mass index of diagnosis/kg/m2 1.04 0.89-1.21 0.655
Thrombosis 2.20 1.41-3.44 <0.001 1.64 1.02-2.66 0.042
Endometriosis 1.27 0.73-2.2 0.395
Elevated Carbohydrate antigen 125 4.03 2.06-7.88 <0.001
Surgical approaches 0.765
Laparotomy Reference Reference Reference
Laparoscopy 1.01 0.65-1.33 0.765
Surgical procedures for patients with advanced stages 0.685
Primary debulking surgery Reference Reference Reference
Interval debulking surgery 1.05 0.78-1.21 0.685
Bilateral tumor side 2.20 1.46-3.32 <0.001
The International Federation of Gynecology and <0.001 <0.001
Obstetrics staging
I/ Reference Reference Reference Reference Reference Reference
1I/1v 4.41 2.94-6.6 <0.001 341 2.03-5.73 <0.001
Maximal diameter/cm 1.00 0.96-1.05 0.838
Lymph node metastasis 2.92 1.86-4.57 <0.001
Residual of the tumor 3.73 2.47-5.62 <0.001 1.7 0.99-2.91 0.053
Positive ascites/malignant washing 227 1.46-3.52 <0.001
Positive peritoneal cytology 4.19 2.81-6.25 <0.001
Distant metastasis 6.03 2.83-12.87 0.000 3.18 1.44-7.02 0.004

nomogram makes our evaluation system applicable to patients
who have undergone surgery, and can also calculate the
prognosis of patients at follow-up.

Several nomograms for predicting survival prognosis of
epithelial ovarian cancer have been developed. Obermair et al.
(12) introduced a nomogram to predict the recurrence
probability in patients with borderline ovarian tumors, while
Meurs et al. (13) developed models to predict the risk of
recurrence free survival for various types of ovarian tumor.
Several studies also (14-16) published nomograms predicting
survival for epithelial ovarian cancer. Thus, nomograms for
epithelial ovarian cancer have been developed in multiple
populations. However, nomograms for OCCC are sparse. One
reason might be due to the low incidence in Western women (1).
In addition, OCCC has some special characteristics such as the
large amount of endometriosis complications, the high rate of
thromboembolic complications, and the poor response to
chemotherapy, which are different from other subtypes of
epithelial ovarian cancer and might influence the prognosis of
OCCC (4, 5). Some studies evaluated OCCC (14, 15) with small
sample size, while Chen et al. established a nomogram for
patients with OCCC based on the Surveillance, Epidemiology,
and End Results database (17). However, these studies rarely
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considered factors specially related with OCCC. Our
nomograms for PFS and OS of OCCC combined a series of
prognostic factors, such as thrombosis and platinum resistance,
which were not incorporated in the FIGO system and previous
Chen’s research (17). Widely used prognostic systems like the
FIGO classification include a limited number of tumor-related
variables and it is unknown that whether additional risk factors
are of important prognostic values.

In our study, thrombosis was found to be a prognostic factor
for OCCC for both PES and OS, and remained an independent
prognostic factor for PFS and OS. The risk of thromboembolic
events is demonstrated to higher in OCCC than other histologic
subtypes of epithelial ovarian cancer (18). Elena et al. in 2013
demonstrated that thromboembolic events during OCCC
primary treatment were associated with a significantly higher
risk of cancer recurrence and death (19), which was consistent
with our results. Tissue factor is a transmembrane glycoprotein
that serves as a physiologic initiator of coagulation and
implicates in tumor growth, metastasis, and angiogenesis (20,
21). It was found to be a modulator in thromboembolic events in
epithelial ovarian cancer (22). The hypothesis that a paracrine
circuit involving thrombosis could lead to more aggressive
tumor biology might also contribute to this increased risk (19).
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TABLE 3 Overall survival of patients with ovarian clear cell carcinoma.

Variables

Univariate analysis

10.3389/fonc.2022.956380

Multivariate analysis

Harzard 95% Confidence P Harzard 95% Confidence P
ratio interval value ratio interval value
Age of diagnosis/y 1.02 1-1.05 0.084
Body mass index of diagnosis/kg/m2 0.69 0.4-1.18 0.173
Thrombosis 2.65 1.53-4.6 <0.001 2.98 1.4-6.34 0.005
Endometriosis 1.11 0.58-2.13 0.752
Elevated Carbohydrate antigen 125 5.23 2.23-12.25 <0.001
Surgical approaches 0.694
Laparotomy Reference Reference Reference
Laparoscopy 1.04 0.78-1.37 0.694
Surgical procedures for patients with advanced stages 0.324
Primary debulking surgery Reference Reference Reference
Interval debulking surgery 1.02 0.89-1.13 0.324
Bilateral tumor side 4.00 2.4-6.65 <0.001
The International Federation of Gynecology and <0.001
Obstetrics staging
/1L Reference Reference Reference
II/1IvV <0.001 <0.001 <0.001
Maximal diameter/cm 1.00 0.95-1.05 0.949
Lymph node metastasis 4.69 2.75-8.01 <0.001 2.47 1.12-5.42 0.025
Residual of the tumor 8.30 4.92-14 <0.001 1.73 0.8-3.74 0.162
Positive ascites/malignant washing 4.32 2.57-7.25 <0.001 1.95 0.93-4.08 0.076
Positive peritoneal cytology 5.32 3.12-9.06 <0.001
Distant metastasis 3.40 1.44-8.02 0.005
Neoadjuvant chemotherapy 2.73 1.56-4.76 <0.001
Platinum resistance 1.84 0.99-3.4 0.053 10.27 4.5-23.45 <0.001
Points < A 2 2 bl b ki bed 2 1
THROMBOSIS :
nw
the International Fed of
Gynecology and Obstetrics staging /)
WARGIN —_—
OISTANT
S
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Progression-free survival

at 36 months

FIGURE 1

25 ° 05

A Nomogram for Predicting Progression-free Survival of Patients With Resectable Ovarian Clear Cell Carcinoma After Primary Treatment. To
calculate predicted progression-free survival, an individual patient’s value is located on each variable axis, and a straight line is drawn upward to
the “Points” row to determine the points associated with each factor. After summing the total points, one locates the appropriate total point
number and draws a straight line from this to the bottom rows to determine the patient’s predicted survival probability. (For each variable:
Thrombosis: 0=no thrombosis, 1=exist; The International Federation of Gynecology and Obstetrics staging: I/ll=stage I/Il, Ill/IV=stage IlI/IV;
Residual of the tumor: O=negative, 1=positive; Distant metastasis: 0=no distant metastasis, 1=positive distant metastasis).
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FIGURE 2

A Nomogram for Predicting Overall Survival of Patients With Resectable Ovarian Clear Cell Carcinoma After Primary Treatment. To calculate
predicted overall survival, an individual patient’s value is located on each variable axis, and a straight line is drawn upward to the “Points” row to
determine the points associated with each factor. After summing the total points, one locates the appropriate total point number and draws a
straight line from this to the bottom rows to determine the patient’s predicted survival probability. (For each variable: Thrombosis: 0=no
thrombosis, 1=exist; Residual of the tumor: O=negative, 1=positive; Malignant ascites/washing: 0=no malignant ascites/washing, 1= malignant
ascites/washing; Lymph node metastasis: O=negative lymph node metastasis, 1=positive lymph node metastasis; Platinum resistance:
O=platinum sensitive, 1=platinum resistant).

Thus, we included thrombosis in both PFS and OS lot of retrospective studies showed that the response rate of
nomogram establishment. OCCC to traditional platinum-based chemotherapy was
Platinum resistance was another factor which was significantly lower than serous adenocarcinoma (23-25). A
independently associated with OS for our OCCC patients. A Korea group (15) in 2019 also considered platinum resistance
S
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of progression-free survival (proportion) Nomogram-predicted probability
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FIGURE 3
Calibration Plot Comparing Predicted and Actual Progression- FIGURE 4
free Survival Probabilities. The calibration curve for predicting Calibration Plot Comparing Predicted and Actual Overall Survival
patient progression-free survival is stated in Figure 3. Probabilities. The calibration curve for predicting patient overall
Nomogram-predicted probability of progression-free survival is survival is stated in Figure 4. Nomogram-predicted probability of
plotted on the x-axis; actual progression-free survival is plotted overall survival is plotted on the x-axis; actual overall survival is
on the y-axis. Thin gray line represents the reference line. plotted on the y-axis. Thin gray line represents the reference line.
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as a prognostic factor in developing nomogram for OS in
epithelial ovarian cancer. Therefore, considering the high rate
of platinum resistance in OCCC and its prognostic value, we also
included it in the development of OS nomogram.

In addition, we have explored the influence of surgery
approaches and surgery approaches on PFS and OS. No
significant difference was found in OS and PFS between
patients undergoing laparotomy and minimally invasive
surgery, which was consistent with previous research (26, 27).
This indicated that both laparotomy and laparotomy would be
applicable in the surgery of ovarian cancer and would not
influence the survival of patients. We also explored the
influence of PDS vs. IDS in the sub group of patients with
advanced OCCC and found that none of the two investigated
procedures has proven to be superior in terms of OS and PFS,
which was also consistent with the previous research (28, 29).

Furthermore, our nomograms were comparable with the
FIGO staging. The concordance statistics of the nomogram was
even significantly higher than that of the FIGO staging for OS
assessment. Thus, our nomograms had great prognostic value. In
this study, we established two prognostic nomograms for
recurrence and long-term survival after primary treatment in a
large center in China and validated them in patients from the
same center. The nomogram is relatively easy to use in clinic for
predicting the survival rate for individual patients.

The study has some limitations. First, this study was
conducted in a single institution. Further studies in
multicenter should be constructed. Second, it was a
retrospective data analysis. Although we performed internal
validation with a good result, future externally validation is
needed. In future research, we would combine a multicenter
data analysis to verify the accuracy and usefulness of our model
and to increase the validity of the data. Last but not least, it was
not well-known by obstetrician and gynecologist. An app which
embedded this nomogram might be designed in the future to
make it easier and faster to provide prognostic information.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

References

1. Sugiyama T, Kamura T, Kigawa J, Terakawa N, Kikuchi Y, Kita T, et al.
Clinical characteristics of clear cell carcinoma of the ovary: A distinct histologic
type with poor prognosis and resistance to platinum-based chemotherapy. Cancer
(2000) 88(11):2584-9. doi: 10.1002/1097-0142(20000601)88:11<2584::AID-
CNCR22>3.0.CO;2-5

2. Kennedy AW, Biscotti CV, Hart WR, Webster KD. Ovarian clear cell
adenocarcinoma. Gynecol Oncol (1989) 32(3):342-9. doi: 10.1016/0090-8258(89)
90637-9

Frontiers in Oncology

08

10.3389/fonc.2022.956380

Ethics statement

The study was approved by the Ethics Committee of Peking
Union Medical College Hospital (S-K903). The patients/
participants provided their written informed consent to
participate in this study.

Author contributions

JL: Conceptualization; Data curation; Formal analysis;
Investigation; Methodology; Software; Visualization; Writing—
original draft. DC: Conceptualization; Funding acquisition;
Methodology; Project administration; Resources; Software;
Supervision; Validation; Visualization; Writing-review &
editing. All authors read and approved the final manuscript.

Acknowledgments

The authors would like to thank Dr. Yan You in pathology
department of Peking Union Medical College Hospital, for
helping the confirmation the diagnosis of the patients. And the
authors would like to thank Dr Xiaoshuang Zhou, Shuang Ye, Dr
Xiao Huo and Dr Hengzi Sun for helps.

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.

3. Chan JK, Teoh D, Hu JM, Shin JY, Osann K, Kapp DS. Do clear cell ovarian
carcinomas have poorer prognosis compared to other epithelial cell types? A study
of 1411 clear cell ovarian cancers. Gynecol Oncol (2008) 109(3):370-6. doi: 10.1016/
j-ygyno.2008.02.006

4. Czernobilsky B, Silverman BB, Enterline HT. Clear-cell carcinoma of the
ovary. A clinicopathologic analysis of pure and mixed forms and comparison with
endometrioid carcinoma. Cancer (1970) 25(4):762-72. doi: 10.1002/1097-0142
(197004)25:4<762::aid-cncr2820250404>3.0.c0;2-3

frontiersin.org


https://doi.org/10.1002/1097-0142(20000601)88:11%3C2584::AID-CNCR22%3E3.0.CO;2-5
https://doi.org/10.1002/1097-0142(20000601)88:11%3C2584::AID-CNCR22%3E3.0.CO;2-5
https://doi.org/10.1016/0090-8258(89)90637-9
https://doi.org/10.1016/0090-8258(89)90637-9
https://doi.org/10.1016/j.ygyno.2008.02.006
https://doi.org/10.1016/j.ygyno.2008.02.006
https://doi.org/10.1002/1097-0142(197004)25:4%3C762::aid-cncr2820250404>3.0.co;2-3
https://doi.org/10.1002/1097-0142(197004)25:4%3C762::aid-cncr2820250404>3.0.co;2-3
https://doi.org/10.3389/fonc.2022.956380
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Li and Cao

5. Matsuura Y, Robertson G, Marsden DE, Kim SN, Gebski V, Hacker NF.
Thromboembolic complications in patients with clear cell carcinoma of the ovary.
Gynecol Oncol (2007) 104(2):406-10. doi: 10.1016/j.ygyno.2006.08.026

6. Jenison EL, Montag AG, Griffiths CT, Welch WR, Lavin PT, Greer J, et al. Clear
cell adenocarcinoma of the ovary: A clinical analysis and comparison with serous
carcinoma. Gynecol Oncol (1989) 32(1):65-71. doi: 10.1016/0090-8258(89)90852-4

7. Goff BA, Sainz de la Cuesta R, Muntz HG, Fleischhacker D, Ek M, Rice LW,
et al. Clear cell carcinoma of the ovary: A distinct histologic type with poor
prognosis and resistance to platinum-based chemotherapy in stage III disease.
Gynecol Oncol (1996) 60(3):412-7. doi: 10.1006/gyno.1996.0065

8. Bochner BH, Kattan MW, Vora KC. Postoperative nomogram predicting risk
of recurrence after radical cystectomy for bladder cancer. J Clin Oncol (2006) 24
(24):3967-72. doi: 10.1200/JCO.2005.05.3884

9. Wang L, Hricak H, Kattan MW, Chen HN, Scardino PT, Kuroiwa K.
Prediction of organ-confined prostate cancer: incremental value of MR imaging
and MR spectroscopic imaging to staging nomograms. Radiology (2006) 238
(2):597-603. doi: 10.1148/radiol.2382041905

10. Chi DS, Palayekar MJ, Sonoda Y, Abu-Rustum NR, Awtrey CS, Huh J, et al.
Nomogram for survival after primary surgery for bulky stage IIIC ovarian
carcinoma. Gynecol Oncol (2008) 108(1):191-4. doi: 10.1016/j.ygyno.2007.09.020

11. Gerestein CG, Eijkemans MJ, de Jong D, van der Burg ME, Dykgraaf RH,
Kooi GS, et al. The prediction of progression-free and overall survival in women
with an advanced stage of epithelial ovarian carcinoma. Bjog (2009) 116(3):372-80.
doi: 10.1111/j.1471-0528.2008.02033.x

12. Obermair A, Tang A, Kondalsamy-Chennakesavan S, Ngan H, Zusterzeel P,
Quinn M, et al. Nomogram to predict the probability of relapse in patients
diagnosed with borderline ovarian tumors. Int J Gynecol Cancer (2013) 23
(2):264-7. doi: 10.1097/IGC.0b013e31827b8844

13. van Meurs HS, Schuit E, Horlings HM, van der Velden J, van Driel W], Mol
BW, et al. Development and internal validation of a prognostic model to predict
recurrence free survival in patients with adult granulosa cell tumors of the ovary.
Gynecol Oncol (2014) 134(3):498-504. doi: 10.1016/j.ygyno.2014.06.021

14. Barlin JN, Yu C, Hill EK, Zivanovic O, Kolev V, Levine DA, et al.
Nomogram for predicting 5-year disease-specific mortality after primary surgery
for epithelial ovarian cancer. Gynecol Oncol (2012) 125(1):25-30. doi: 10.1016/
j.ygyno.2011.12.423

15. Kim SI, Song M, Hwangbo S, Lee S, Cho U, Kim JH, et al. Development of
web-based nomograms to predict treatment response and prognosis of epithelial
ovarian cancer. Cancer Res Treat (2019) 51(3):1144-55. doi: 10.4143/crt.2018.508

16. Lee CK, Simes RJ, Brown C, Gebski V, Pfisterer J, Swart AM, et al. A
prognostic nomogram to predict overall survival in patients with platinum-
sensitive recurrent ovarian cancer. Ann Oncol (2013) 24(4):937-43. doi: 10.1093/
annonc/mds538

17. Chen Q, Wang S, Lang JH. Development and validation of nomograms for
predicting overall survival and cancer-specific survival in patients with ovarian clear
cell carcinoma. J Ovarian Res (2020) 13(1):123. doi: 10.1186/s13048-020-00727-3

Frontiers in Oncology

09

10.3389/fonc.2022.956380

18. Duska LR, Garrett L, Henretta M, Ferriss ]S, Lee L, Horowitz N. When
‘never-events' occur despite adherence to clinical guidelines: the case of venous
thromboembolism in clear cell cancer of the ovary compared with other epithelial
histologic subtypes. Gynecol Oncol (2010) 116(3):374-7. doi: 10.1016/
j.ygyno.2009.10.069

19. Diaz ES, Walts AE, Karlan BY, Walsh CS. Venous thromboembolism during
primary treatment of ovarian clear cell carcinoma is associated with decreased
survival. Gynecol Oncol (2013) 131(3):541-5. doi: 10.1016/j.ygyno.2013.09.005

20. Kasthuri RS, Taubman MB, Mackman N. Role of tissue factor in cancer.
] Clin Oncol (2009) 27(29):4834-8. doi: 10.1200/JC0O.2009.22.6324

21. Young A, Chapman O, Connor C, Poole C, Rose P, Kakkar AK. Thrombosis
and cancer. Nat Rev Clin Oncol (2012) 9(8):437-49. doi: 10.1038/
nrclinonc.2012.106

22. Ma Z, Zhang T, Wang R, Cheng Z, Xu H, Li W, et al. Tissue factor-factor
VIla complex induces epithelial ovarian cancer cell invasion and metastasis
through a monocytes-dependent mechanism. Int J Gynecol Cancer (2011) 21
(4):616-24. doi: 10.1097/IGC.0b013e3182150e98

23. Mackay HJ, Brady MF, Oza AM, Reuss A, Pujade-Lauraine E, Swart AM,
et al. Prognostic relevance of uncommon ovarian histology in women with stage
II/IV epithelial ovarian cancer. Int ] Gynecol Cancer (2010) 20(6):945-52. doi:
10.1111/IGC.0b013e3181dd0110

24. Ku FC, Wu RC, Yang LY, Tang YH, Chang WY, Yang JE, et al. Clear cell
carcinomas of the ovary have poorer outcomes compared with serous carcinomas:
Results from a single-center Taiwanese study. J Formos Med Assoc (2018) 117
(2):117-25. doi: 10.1016/j.jfma.2017.03.007

25. Miyamoto M, Takano M, Goto T, Kato M, Sasaki N, Tsuda H, et al. Clear
cell histology as a poor prognostic factor for advanced epithelial ovarian cancer: A
single institutional case series through central pathologic review. J gynecol Oncol
(2013) 24(1):37-43. doi: 10.3802/jgo.2013.24.1.37

26. Cianci S, Capozzi VA, Rosati A, Rumolo V, Corrado G, Uccella S, et al.
Different surgical approaches for early-stage ovarian cancer staging. A Large
monocentric experience. Front Med (2022) 9:880681. doi: 10.3389/
fmed.2022.880681

27. Gueli Alletti S, Capozzi VA, Rosati A, De Blasis I, Cianci S, Vizzielli G, et al.
Laparoscopy vs. laparotomy for advanced ovarian cancer: A systematic review of
the literature. Minerva medica (2019) 110(4):341-57. doi: 10.23736/S0026-
4806.19.06132-9

28. Chiofalo B, Bruni S, Certelli C, Sperduti I, Baiocco E, Vizza E. Primary
debulking surgery vs. interval debulking surgery for advanced ovarian cancer:
Review of the literature and meta-analysis. Minerva medica (2019) 110(4):330-40.
doi: 10.23736/S0026-4806.19.06078-6

29. Onda T, Satoh T, Ogawa G, Saito T, Kasamatsu T, Nakanishi T, et al.
Comparison of survival between primary debulking surgery and neoadjuvant
chemotherapy for stage III/IV ovarian, tubal and peritoneal cancers in phase III
randomised trial. Eur ] Cancer (Oxford Engl 1990) (2020) 130:114-25. doi: 10.1016/
j.€jca2020.02.020

frontiersin.org


https://doi.org/10.1016/j.ygyno.2006.08.026
https://doi.org/10.1016/0090-8258(89)90852-4
https://doi.org/10.1006/gyno.1996.0065
https://doi.org/10.1200/JCO.2005.05.3884
https://doi.org/10.1148/radiol.2382041905
https://doi.org/10.1016/j.ygyno.2007.09.020
https://doi.org/10.1111/j.1471-0528.2008.02033.x
https://doi.org/10.1097/IGC.0b013e31827b8844
https://doi.org/10.1016/j.ygyno.2014.06.021
https://doi.org/10.1016/j.ygyno.2011.12.423
https://doi.org/10.1016/j.ygyno.2011.12.423
https://doi.org/10.4143/crt.2018.508
https://doi.org/10.1093/annonc/mds538
https://doi.org/10.1093/annonc/mds538
https://doi.org/10.1186/s13048-020-00727-3
https://doi.org/10.1016/j.ygyno.2009.10.069
https://doi.org/10.1016/j.ygyno.2009.10.069
https://doi.org/10.1016/j.ygyno.2013.09.005
https://doi.org/10.1200/JCO.2009.22.6324
https://doi.org/10.1038/nrclinonc.2012.106
https://doi.org/10.1038/nrclinonc.2012.106
https://doi.org/10.1097/IGC.0b013e3182150e98
https://doi.org/10.1111/IGC.0b013e3181dd0110
https://doi.org/10.1016/j.jfma.2017.03.007
https://doi.org/10.3802/jgo.2013.24.1.37
https://doi.org/10.3389/fmed.2022.880681
https://doi.org/10.3389/fmed.2022.880681
https://doi.org/10.23736/S0026-4806.19.06132-9
https://doi.org/10.23736/S0026-4806.19.06132-9
https://doi.org/10.23736/S0026-4806.19.06078-6
https://doi.org/10.1016/j.ejca.2020.02.020
https://doi.org/10.1016/j.ejca.2020.02.020
https://doi.org/10.3389/fonc.2022.956380
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Prognostic nomogram that predicts progression-free survival and overall survival of patients with ovarian clear cell carcinoma
	Introduction
	Methods
	Participants
	Variables
	Statistical analyses

	Results
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	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 false
  /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 false
  /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 false
  /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


