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Abstract
Background We aimed to develop and validate a nomogram incorporating CA125 levels after three cycles
of chemotherapy for predicting progression-free survival (PFS) in patients with ovarian cancer.

Methods The nomogram was developed in a primary cohort of 491 patients with stage II-IV ovarian
cancer. Performance was assessed by concordance index (C-index), calibration curve, and decision curve
analysis, and compared with the International Federation of Gynecology and Obstetrics (FIGO) staging
system. The predictive value of CA125 levels after three cycles of chemotherapy was evaluated. The
model was subjected to bootstrap internal validation. An independent cohort of 81 patients was used for
external validation.

Results CA125 levels after three cycles of chemotherapy were signi�cantly associated with PFS. Five
variables, including CA125 levels were selected to develop the nomogram. The nomogram demonstrated
adequate discrimination, with a bootstrap-corrected C-index of 0.708, and good calibration. External
validation of the nomogram achieved excellent discrimination (C-index, 0.724) and calibration. CA125
levels after three adjuvant chemotherapy cycles showed a marginally signi�cant increment of
discrimination to the nomogram in the primary cohort (C-index, 0.708 vs 0.668; P = 0.097). Superior
discriminative ability was observed in the nomogram when compared with the FIGO staging system only
in the primary cohort (C-index, 0.708 vs 0.578; P < 0.001). Decision curve analysis demonstrated that our
nomogram was clinically useful.

Conclusion We developed and validated a nomogram incorporating CA125 levels after three
chemotherapy cycles for PFS prediction in ovarian cancer. This nomogram showed well-predictive
performance and easy clinical application.

Background
Ovarian cancer is the leading cause of death in patients with gynecologic malignancies. In 2018, about
22,240 new cases of ovarian cancer and 14,070 deaths from the disease are projected to occur in the
United States.[1] In 2015, there were approximately 52,100 new cases of ovarian cancer and 22,500
deaths in China.[2] Most women are diagnosed at an advanced stage, with a 5-year overall survival (OS)
rate lower than 25%.[3, 4] Therefore, accurate prediction of patient outcome plays an important role in
determining treatment strategies.

Nomograms are widely used as predictive tools in many cancers. They are able to provide accurate risk
estimates tailored to the individual patient, which facilitates patient counseling and treatment selection.
[5] Several nomograms have been developed for ovarian cancer prognostic prediction.[6–8] However,
none incorporated the change in cancer antigen 125 (CA125) levels following treatment, which may have
great potential in improving the predictive accuracy.
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CA125 is encoded by the MUC16 gene in humans, and has been investigated extensively as a tumor
marker in ovarian cancer.[9–11] A series of studies have demonstrated that the normalization of CA125
levels at different time-points (e.g. the �rst,[11] second,[12] third,[13, 14] and sixth[15] chemotherapy
cycles) is signi�cantly associated with the prognosis of patients with ovarian cancer. Lee et al. found that
CA125 levels ≤ 35 U/mL after the �rst cycle of chemotherapy and the normalization of CA125 levels
within three cycles of chemotherapy were two of the most signi�cant prognostic factors for both overall
survival (OS) and progression-free survival (PFS) in patients with ovarian cancer.[11]

In this study, we aimed to develop a nomogram for the prediction of PFS in ovarian cancer incorporating
CA125 levels after three cycles of chemotherapy, along with other prognostic factors. We expect that the
integration of CA125 levels after three cycles of chemotherapy could improve the predictive accuracy of
the nomogram for ovarian cancer.

Methods
Patients

Ethical approval was obtained from the institutional review board of Sun Yat-sen University Cancer
Centre. The need for informed consent was waived since no identi�able information was used in this
study.

An evaluation of the institutional database for medical records from January 1994 to December 2014
was performed to identify patients with ovarian cancer who received initial treatment at the Sun Yat-sen
University Cancer Centre. Only patients who met the following criteria were included in the study: newly
diagnosed, histologically con�rmed epithelial ovarian cancer; stage II-IV disease; serially measured CA125
levels; and complete follow-up data. In total, 1740 patients were identi�ed; 491 patients who met the
above-mentioned inclusion criteria were included as the primary cohort (the training cohort).

The clinicopathologic data were extracted, including age, neutrophil-to-lymphocyte ratio, platelet count,
serum albumin level, International Federation of Gynecology and Obstetrics (FIGO) stage, histologic type,
tumor grade, diameter of residual disease, CA125 levels after three cycles of chemotherapy (normal
CA125 levels were de�ned as being ≤ 35 U/mL), follow-up, recurrence and vital status.

The standard treatment for advanced ovarian cancer in our institution comprised comprehensive staging
or primary debulking surgery followed by adjuvant chemotherapy. Neoadjuvant chemotherapy followed
by interval debulking surgery was performed in patients with bulky stage III/IV disease who were not
eligible surgical candidates. Surgery mainly included total hysterectomy, bilateral salpingo-oophorectomy,
omentectomy, lymphadenectomy, and resection of all visible bulky tumor. Bowel resection, splenectomy,
and partial liver resection were performed as warranted to remove all macroscopic tumor. Residual
disease < 1 cm in maximum diameter after surgery was de�ned as optimal debulking, whereas residual
disease ≥ 1 cm was considered suboptimal debulking. Adjuvant chemotherapy mainly included ≥ 6
cycles of platinum-based systemic chemotherapy.
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Patients were followed up periodically after primary treatment. Monitoring comprised pelvic examination,
abdominal and pelvic ultrasonography, and examination of the levels of CA125 and other tumor markers
every 3 months for 3 years, then every 6 months for 2 years, and annually after 5 years. Computed
tomography (CT), magnetic resonance imaging (MRI), or positron emission tomography- computed
tomography (PET-CT) were performed if clinically indicated.

All procedures were carried out in accordance with the approved guidelines of our institute.

An external validation cohort was screened from patients with ovarian cancer who received initial
treatment at other hospitals between January 2001 and August 2016 using the same criteria as the
primary cohort. Most of these patients were transferred to our institution because of disease recurrence,
and the rest who did not experience recurrence came to our institution for follow-up. It should be noted
that only the medical records of initial treatment of these patients at other hospitals were used in this
study, which guaranteed these patients as an independent validation cohort. However, the vital status for
the external validation cohort was ascertained by reviewing their �nal medical records at our institution.

Construction of the Nomogram

PFS was de�ned as the interval between the date of diagnosis and the date of �rst recurrence or death, or
the date of last contact for living patients without recurrent disease. In the primary cohort, PFS according
to different variables was estimated using the Kaplan-Meier method and compared using the log-rank
test. Multivariate Cox proportional hazards regression analysis was used to identify the independent
prognostic factors. We established the nomogram in the primary cohort (training cohort) by incorporating
the signi�cant prognostic factors into the Cox regression model using the “rms” package in R software.

Performance of the Nomogram in the Primary Cohort

The Harrell’s concordance index (C-index) was calculated to estimate the discrimination ability of the
nomogram. The nomogram was subjected to 1000 bootstrap resamples for internal validation. The value
of the C-index ranges from 0.5 to 1.0, with 0.5 indicating random chance and 1.0 indicating perfectly
corrected discrimination. Calibration plots, which showed the consistency between the outcomes
predicted by the nomogram and actual outcomes, were used to assess the robustness of the model.

External Validation of the Nomogram

The nomogram was applied to the external validation cohort for external validation. Using the same
methods as in the primary cohort, discrimination and model calibration were tested.

Incremental Predictive Value of CA125 Levels to the Nomogram

We investigated the incremental predictive value of the normalization of CA125 levels after three cycles
of chemotherapy to the nomogram by comparing the respective C-index for the model with and without
CA125 levels after three cycles of chemotherapy.
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Comparison of the Nomogram with the FIGO Staging System in Discrimination Ability

Furthermore, we attempted to demonstrate the superiority in discrimination ability of the established
nomogram over the FIGO staging system. First, the nomogram and the FIGO staging system were
compared with respect to the C-index. Next, patients in the primary cohort were classi�ed into low,
moderate, and high risk groups by ranking their nomogram calculated scores into tertiles. The
distributions of the PFS for these risk groups, as well as for different FIGO stages, were depicted by the
Kaplan–Meier method and analyzed by the log-rank test.

Clinical Use

Decision curve analysis (DCA) was performed to examine the clinical application of the nomogram by
quantifying the net bene�ts at different threshold probabilities in the primary cohort.[16, 17] In addition,
DCA was also conducted for the model that did not integrate CA125 levels after three cycles of
chemotherapy.

Statistical Analysis
Statistical analysis was performed using R version 3.5.1 and SAS version 9.3 (SAS Institute Inc. Cary, NC,
USA). P values less than 0.05 were considered statistically signi�cant. All tests were two-sided. Details of
R code and SAS codes for running nomograms were shown in Appendix 1.

The key raw data have been recorded at Sun Yat-sen University Cancer Center for future reference
(number RDDA 2019000972).

Results
Clinicopathologic Characteristics of Patients

The clinicopathological characteristics of the primary cohort and external validation cohort are
summarized in Table 1. In total, 491 patients were included in the primary cohort; 71.3% showed
normalization of CA125 levels after three cycles of chemotherapy. The median PFS in the primary cohort
was 22 months (range 1.0 to 234.3 months). The external validation cohort consisted of 81 patients;
69.1% showed normalization of CA125 levels after three cycles of chemotherapy. The median PFS in the
external validation cohort was 15.0 months (range 3.6 to 61.8 months). Most of the clinical
characteristics between the primary and external validation cohorts were comparable.
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Table 1
Patients’ clinicopathologic characteristics in the study.

Variable Training (Primary) cohort

(n = 491)

External validation
cohort

(n = 81)

Age (year) 52 (± 9.8) 50 (± 8.4)

Examination prior to treatment, Median (IQR)  

NLR 3.1 (2.1, 4.5)  

Platelet count (× 109) 306 (229, 380)  

Serum albumin levels in g/L 41 (37, 44)  

FIGO stage, n (%)    

II 58 (11.8) 11 (13.6)

III 351 (71.5) 60 (74.1)

IV 82 (16.7) 10 (12.4)

Histology, n (%)    

Serous 408 (83.1) 67 (82.7)

Non-Serous 83 (16.9) 14 (17.3)

Grade, n (%)    

Grade 1 20 (4.1) 7 (8.6)

Grade 2 70 (14.3) 15 (18.5)

Grade 3 401 (81.7) 59 (72.8)

Residual disease, n (%)    

< 1 cm (Optimal debulking) 369 (75.2) 58 (71.6)

≥ 1 cm (Suboptimal debulking) 122 (24.9) 23 (28.4)

Normalization of CA125 levels after three
cycles of chemotherapy, n (%)

   

Yes 350 (71.3) 56 (69.1)

No 141 (28.7) 25 (30.9)

IQR interquartile range, NLR neutrophil to lymphocyte ratio, CA125 cancer antigen 125

Independent Prognostic Factors in the Primary Cohort
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The associations between social-demographic, clinical factors and PFS are shown in Table 2. Younger
age (≤ 50 vs 50; P = 0.010), earlier stage (stage II vs stage III vs stage IV; P < 0.001), and optimal
debulking (optimal vs suboptimal; P < 0.001) were associated with better PFS. Patients with
normalization of CA125 levels after three cycles of chemotherapy had superior PFS than patients who did
not have normalized CA125 levels (P < 0.001). Furthermore, we found that serum albumin levels prior to
treatment were a signi�cant prognostic factor (P < 0.001). Age (P = 0.019), FIGO stage (P < 0.001), residual
disease (P < 0.001), and the normalization of CA125 levels after three cycles of chemotherapy (P < 0.001)
were identi�ed as independent prognostic factors for PFS (Table 2), and they were entered into the �nal
multivariate Cox regression.

Table 2. Univariate Analysis and Multivaiate Cox Regression Analysis for the Primary Cohort

 HR hazard ratio, CI con�dence interval, NLR neutrophil to lymphocyte ratio, FIGO International Federation
of Gynecology and Obstetrics.

Variable Univariate Multivariate*

HR (95%CI) P value HR (95%CI) P value

Age groups        

≤50 years Reference   Reference  

50 years 1.3 (1.1 - 1.6) 0.010 1.3 (1.0 - 1.7) 0.019

NLR in number 1.02 (0.99 - 1.05) 0.228 1.02 (0.98 - 1.05) 0.357

Platelet count in number 1.00 (1.00 - 1.00) 0.766 1.00 (1.00 - 1.00) 0.778

Serum albumin levels in g/L 0.96 (0.94 - 0.97) <0.001 0.97 (0.95 - 0.99) 0.003

FIGO stage        

II Reference   Reference  

III 2.8 (1.8 - 4.3) <0.001 2.06 (1.30 - 3.27) 0.002

Development of the Nomogram for PFS Prediction

A nomogram for PFS prediction that incorporated the independent predictors indicated by univariate
analysis was developed in the primary cohort (Fig. 1 and Appendix 2). In the nomogram, FIGO stage
made the greatest contribution to PFS prediction, followed by residual disease status and the
normalization of CA125 levels after three cycles of chemotherapy. A certain score was assigned to each
variable. By summing the scores from all the variables and locating the scores on the total point scale,
the probabilities of 1-year PFS and 3-year PFS could be determined by drawing a vertical line from the
total points’ axis.

Performance of the Nomogram in the Primary Cohort
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Internal validation was performed using bootstrapping resampling. After 1000 repetitions, the bootstrap-
corrected C-index for the nomogram was 0.708 (95% con�dence interval [CI], 0.674 to 0.741). The
calibration plots of the nomogram revealed optimal agreement between the predicted probability and the
actual 1-year PFS and 3-year PFS rates in the primary cohort (Fig. 2A and B).

Validation of the Nomogram

When applied to the external validation cohort, the nomogram achieved an excellent C-index of 0.724
(95% CI, 0.649 to 0.798) for PFS prediction. The calibration plots showed good consistency between the
nomogram-predicted and observed 1- and 3-year PFS in the external validation cohort (Fig. 2C and D).

Incremental Predictive Value of CA125 Levels to the Nomogram

The incremental predictive value of CA125 levels after three cycles of chemotherapy to the nomogram
was evaluated by the comparison of the C-index for the models with and without CA125 levels. CA125
levels after three cycles of chemotherapy showed a marginally signi�cant increment of discrimination to
the nomogram in the primary cohort (C-index, 0.708 vs 0.668; P = 0.097)

Comparison of the Nomogram with the FIGO Staging System in the Primary Cohort

First, we compared the performance of the nomogram and the FIGO staging system with respect to the C-
index. In the primary cohort, a higher C-index was achieved for the nomogram compared with the FIGO
staging system only (C-index, 0.708 vs 0.578 P < 0.001).

Next, we calculated a total score for each patient by adding the individual points for each risk factor
presented by the nomogram. Then, we classi�ed the patients into low, moderate, and high risk groups by
ranking their scores calculated by the nomogram into tertiles; each group represented a distinct
prognosis. The PFS curves for these risk groups, as well as for different FIGO stages, are presented in
Fig. 3. Although both the FIGO staging system and the nomogram could stratify patients with distinct
prognoses, the Kaplan-Meier survival curves implied that the nomogram could more effectively stratify
patients with distinct PFS.

Clinical application

DCA was applied to the nomograms with and without integration of CA125 levels after three cycles of
chemotherapy (Fig. 4). The decision curve for the model incorporating CA125 levels showed that if the
threshold probability was greater than 15%, the nomogram for PFS prediction had more bene�ts than the
treat-none and treat-all schemes. Moreover, the nomogram integrating CA125 levels after three cycles of
chemotherapy had a superior net bene�t over the model that did not include CA125 levels for a wide
range of threshold probabilities.

Discussion
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We constructed and validated a nomogram for predicting PFS in patients with ovarian cancer. The
nomogram incorporated the novel variable of the normalization of CA125 levels after three cycles of
chemotherapy, as well as other clinical risk factors. Normalization of CA125 levels after three
chemotherapy cycles has been demonstrated as an important prognostic factor for patients with ovarian
cancer. Integration of this variable to the nomogram facilitated individualized PFS prediction for ovarian
cancer.

A series of prognostic nomograms have been developed for the prediction of ovarian cancer survival.
However, most of these models are based on variables re�ecting pathological characteristics (e.g. tumor
grade and histology) and prognostic information (e.g. age, residual disease status, and preoperative
albumin level), and achieved C-indices ranging from 0.63 to 0.72.[7, 8, 18, 19] Clark et al.[21] developed a
nine-variable prognostic nomogram that presented an excellent C-index of 0.727 for advanced stage
ovarian cancer. However, that model was not validated, nor did it have widespread clinical utility. The lack
of applicability may be attributed to the incorporation of a rarely used residual disease grouping (< 2 cm,
2–5 cm, or > 5 cm) and too many variables in the model. Thus far, few nomograms have been
constructed with the integration of factors re�ecting treatment effect. Serum CA125 is a widely used
biomarker in ovarian cancer that has been applied to monitor the response of chemotherapy for a long
time.[11–15] In the current study, we developed a nomogram for PFS prediction for ovarian cancer by
integrating the normalization of CA125 levels after three chemotherapy cycles and other risk factors,
which demonstrated adequate discrimination in the primary cohort (C-index, 0.708). The nomogram was
further validated by an independent external validation cohort to avoid over�tting and determine the
generalizability. Surprisingly, an improved C-index of 0.724 was obtained in the external validation cohort,
which implied that our nomogram was robust for prediction of PFS. In this study, calibration plots
showed good consistency between prediction and actual observation, which ensured the reliability and
repeatability of our nomogram.

To the best of our knowledge, this is the �rst nomogram to incorporate the variable of normalization of
CA125 levels after three chemotherapy cycles. Integration of this variable into the nomogram improved
the discriminative ability when compared with the prediction model that did not include CA125 levels (C-
index, 0.708 vs 0.668; 0.04 difference). Although the statistics did not reach the conventional
signi�cance, we believe that this was because of the small sample size.

FIGO stage is a well-established prognostic factor for ovarian cancer.[21, 22] Nevertheless, insu�ciency in
outcome prediction still remains in the FIGO staging system. In the current study, superior discriminatory
ability was observed for the established nomogram as compared to the FIGO staging system. Moreover,
the Kaplan-Meier curves for risk grouping based on the established nomogram successfully strati�ed
patients with distinct prognoses in the primary cohort. This implied that our prognostic nomogram could
be better able to stratify patients into different risk subgroups, which might be helpful to guide optimal
individual treatment decision-making.
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In addition, to assess the clinical value of the nomogram, DCA was performed. The decision curve
showed that if the threshold probability of a patient or doctor is greater than 15%, using the nomogram in
the current study for PFS prediction in ovarian cancer added more bene�t than either the treat-none or
treat-all schemes. Furthermore, DCA revealed that the nomogram incorporating normalization of CA125
levels after three chemotherapy cycles had a superior net bene�t over the model that did not include
CA125 levels, for a wide range of threshold probabilities.

One strength of our nomogram was that all the variables in the model were generated as part of routine
practice, and therefore did not need further classi�cation and de�nition. This facilitated easy use of our
nomogram in clinical practice. In this study, the variable of tumor grade was not signi�cantly associated
with PFS in univariate and multivariate analyses. Considering that tumor grade is an important
prognostic factor in ovarian cancer,[23, 24] we also employed it to develop the nomogram. We believe
that the main reason for its insigni�cance was that the majority of patients (81.7%) presented with grade
3 tumors. In addition, we also tested a model of the nomogram without the variable of tumor grade, and
the discrimination ability was only slightly impaired (C-index, 0.702).

However, our study has several limitations. First, it was reported that approximately 7.6% of the patients
with advanced ovarian cancer had normal CA125 levels prior to treatment.[11, 25] For these patients, a
decline in CA125 levels during adjuvant chemotherapy may not be a good prognostic predictor. Second,
the number of patients in the external validation cohort was small. Finally, our nomogram is limited by
the retrospective nature of the data collection.

Conclusions
In conclusion, we developed and validated a nomogram incorporating the normalization of CA125 levels
after three chemotherapy cycles for PFS prediction in patients with ovarian cancer. This nomogram
showed good predictive performance and easy clinical application. It may help guide optimal treatment
decision-making. Further external evaluations using other independent cohorts are warranted.

Abbreviations
CA125: Cancer antigen 125; C-index: Concordance index; FIGO: International Federation of Gynecology
and Obstetrics; PFS: Progression-free survival; OS: Overall survival; CT: Computed tomography; MRI:
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Figure 1

Nomogram incorporating cancer antigen 125 levels after three cycles of chemotherapy for the prediction
of progression-free survival in patients with ovarian cancer in the primary cohort.
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Figure 2

The calibration plots of the established nomogram for predicting progression-free survival. Calibration
plots for predicting (A) 1-year and (B) 3-year progression-free survival in the primary cohort. Calibration
plots for predicting (C) 1-year and (D) 3-year progression-free survival in external validation cohort. The y-
axis represents the actual progression-free survival rates. The x-axis represents the predicted progression-
free survival rates.
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Figure 3

Kaplan-Meier survival curves for patients in the primary cohort strati�ed by scores calculated by (A) the
established nomogram and (B) the International Federation of Gynecology and Obstetrics staging
system.
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Figure 4

Decision curve analysis for the nomograms with and without integration of cancer antigen 125 (CA125)
levels after three cycles of chemotherapy to predict progression-free survival in ovarian cancer. The y-axis
measures the net bene�t. The green line represents the assumption that all patients experienced
recurrence. The black line represents the assumption that no patients experienced recurrence. The red line
represents the model incorporating CA125 levels after three cycles of chemotherapy. The blue dotted line
represents the model without CA125 levels after three cycles of chemotherapy. The nomogram with
integration of CA125 levels after three cycles of chemotherapy showed superior clinical net bene�t over
the model without CA125 levels.
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