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Background

In 2018, a revised staging system was released for cervical cancer, which defined pelvic and paraaortic lymph node metastasis as stages IIIC1 and IIIC2, respectively. In this study, we constructed and validated nomograms to predict the 3- and 5-year survival of patients with cervical cancer based on the revised International Federation of Gynecology and Obstetrics (FIGO) staging system.



Methods

We retrospectively examined patients with 2009 FIGO stage IB–IVA cervical cancer who were treated at our institute between 2011 and 2015. Patients were randomized into the model development and validation cohorts (2:1). Univariate and multivariate analyses were conducted for the model development cohort to identify prognostic factors. In the multivariate analysis, nomograms were built to predict overall survival (OS) and disease-free survival (DFS) using significant variables. The nomograms were assessed based on the discrimination and calibration in both cohorts. Discrimination was assessed using the concordance index. Calibration was performed by comparing the mean nomogram estimated survival and the mean observed survival.



Results

We included 1,192 patients, with 795 and 397 patients in the model development and validation cohorts, respectively. In the model development cohort, the median follow-up period was 49.2 months. After multivariate analysis, age, histology, 2018 FIGO stage, and pelvic lymph node number were independent factors for OS. Histology, 2018 FIGO stage, squamous cell carcinoma antigen, and pelvic lymph node number were significant predictors of DFS. The nomograms constructed to predict OS and DFS were based on these factors. In both model cohorts, the concordance index for the nomogram-predicted OS and DFS was 0.78 and 0.75 and 0.74 and 0.67, respectively. The calibration curve revealed good agreement between the nomogram predictions and actual values.



Conclusion

We constructed robust nomograms to predict the OS and DFS of patients with cervical cancer undergoing treatment with concurrent chemoradiotherapy based on the 2018 FIGO staging system.
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Introduction

Cervical cancer is the fourth most frequently diagnosed cancer and fourth leading cause of cancer-related death among women worldwide (1). Lymph node metastasis (LNM) plays an important role in the metastasis of cervical cancer, and patients with cervical cancer with pelvic and paraaortic lymph node metastases have the worst survival rate (2). The International Federation of Gynecology and Obstetrics (FIGO) staging system is widely used in cervical cancer. Considering the limited imaging resources in developing countries, LNM was not included in the FIGO staging system before 2018 (3, 4). In 2018, FIGO revised its staging system for cervical cancer and defined pelvic LNM and paraaortic LNM as IIIC1 and IIIC2, respectively (5).

In the era of individualized cancer treatment, accurately estimating a cancer patient’s survival aids in the clinical decision-making process throughout their treatment. Compared with staging, nomograms can involve multiple prognostic factors, including staging, and estimate patient survival more accurately. Many nomograms have been constructed to predict the survival of patients with cervical cancer treated with concurrent chemoradiotherapy (6–11). However, most are based on the 2009 or 2014 FIGO staging system (3, 4). Therefore, they are not applicable per the updated 2018 FIGO staging system (5).

In this study, we evaluated patients with cervical cancer being treated at our institute with definitive radiotherapy or concurrent chemoradiotherapy and constructed nomograms predicting their overall survival (OS) and disease-free survival (DFS) based on staging using the 2018 FIGO system and additional factors.



Methods


Patients

The Institutional Review Board of Peking Union Medical College Hospital approved this study. We retrospectively examined cervical cancer patients treated with definitive radiotherapy or concurrent chemoradiotherapy between January 2011 and December 2015. The inclusion criteria were age ≥18 years, histologically proven cervical cancer (including squamous cell carcinoma (SCC), adenocarcinoma, and adenosquamous cell carcinoma), 2018 FIGO stage IB–IVA, and treated with concurrent chemoradiotherapy or definitive radiotherapy. Patients with previous surgery or receiving palliative radiotherapy were excluded.



Treatment and Follow-Up

All patients were scheduled to receive external beam radiation therapy and intracavitary brachytherapy. The clinical target volume (CTV) covered the gross tumor, uterus, cervix, parametrium, upper part of the vagina, and pelvic lymph node region. For patients with paraaortic lymph node involvement or at high risk of its failure, this region was also covered in the CTV. The gross tumor volume included the involved lymph nodes. The planning clinical target volume was defined as the CTV plus a 6–10-mm margin. A margin of 5 mm was added to the gross tumor volume to form the planning gross tumor volume. Doses of 50.4 and 59–61 Gy were administered in 28 fractions to the planning CTV and planning gross tumor volume, respectively. High dosage intracavitary brachytherapy was performed using 192Ir. A 30–36-Gy dose administered in five to seven fractions was prescribed to point A. The first line of concurrent chemotherapy was a weekly regimen of cisplatin. The treatment protocol has been described previously (2, 12).

Follow-up examinations were performed every 3 months in the first 2 years, then every 6 months between 3 and 5 years, and once a year after 5 years.



Statistics

To develop and validate nomograms to predict OS and DFS, patients were randomized into model development and validation cohorts (2:1). Their basic characteristics were compared using the Chi-square test, continuity correction, or Fisher’s exact test, as appropriate.

To identify potential predictors of OS and DFS, the following characteristics were included in the univariate analysis: age (grouped into young <65 years and elderly ≥65 years), histology (grouped into SCC and non-SCC), tumor size (grouped into <4 and ≥4 cm), the 2018 FIGO stage (grouped into IB, IIA, IIB, IIIA, IIIB, IIIC1, IIIC2, and IVA), SCC antigen (grouped into <8.6 and ≥8.6 ng/ml), pelvic lymph node number (grouped into 0–1 and ≥2), and common iliac LNM (grouped into yes and no). FIGO stage was recorded using the 2009 or 2014 FIGO staging system and was subsequently transposed into the 2018 FIGO staging system.

SCC antigen was grouped into <8.6 and ≥8.6 ng/ml based on a previous study (13). Lymph node metastasis was diagnosed using standard imaging approaches. Lymph nodes with short diameters (≥1 cm) or those confirmed as having tumors on positron emission tomography/computed tomography were defined as metastatic lymph nodes.

The Kaplan–Meier method was used to estimate OS and DFS. Univariate and multivariate analyses were performed using a Cox regression model. Significant factors in the univariate analysis were incorporated into the multivariate analysis. Multivariate analysis was performed using the backward method. Nomograms to predict OS and DFS were built using the significant variables from the multivariate analysis. The nomograms were assessed based on discrimination and calibration in both cohorts. Discrimination was assessed using the concordance index and area under the receiver operating characteristic curve (AUC), which reflects the accuracy of the model. A 95% confidence interval (CI) was calculated for each AUC. Calibration was performed by comparing the mean nomogram estimated survival and the mean observed survival. Statistical analysis was conducted using SPSS version 22.0 (Chicago, IL, USA) and R version 3.0.0.




Results

A total of 1,192 patients were included, with 795 and 397 patients in the model development and validation cohorts, respectively. The basic characteristics of the patients in both cohorts are shown in Table 1. The 2018 FIGO stage IIIC1 and IIIC2 were observed in 178 patients (22.4%) and 55 patients (6.9%) in the model development cohort, and 101 patients (25.4%) and 24 patients (6.0%, p = 0.387) in the validation cohort, respectively. More patients in the model development cohort had no SCC than those in the validation cohort (12.5% vs. 7.6%, p = 0.010). Meanwhile, the other characteristics did not differ significantly.


Table 1 | Patients’ characteristics in the model development and validation cohorts.



The median follow-up periods were 49.2 months (range, 2.9–108.5 months) and 48.5 months (range, 2.2–104.0 months) in the model development and validation cohorts, respectively. In the model development cohort, local failure, distant failure, and failure in both were observed in 69 (8.7%), 106 (13.3%), and 23 (2.9%) patients, respectively. In the validation cohort, local failure, distant failure, and failure in both were observed in 47 (11.8%), 44 (11.0%), and 16 (4.0%) patients, respectively. For all the patients, the 3- and 5-year survival rates were 85.5% and 82.3% for OS, and 76.1% and 73.1% for DFS, respectively (Figure 1). In both cohorts, the 3- and 5-year OS rates were 86.0% and 84.6% and 82.6% and 81.5% (p = 0.606), respectively. In both cohorts, the 3- and 5-year DFS rates were 76.5% and 75.1%, and 73.8% and 71.5% (p = 0.409), respectively.




Figure 1 | Overall survival (OS) and disease-free survival (DFS) for patients with cervical cancer being treated with concurrent chemoradiotherapy.



After univariate analysis, histology type, tumor size, 2018 FIGO stage, SCC antigen, pelvic lymph node number, and common iliac LNM were identified as predictors for OS and DFS, as shown in Tables 2, 3. Age was a significant factor for OS. After multivariate analysis, age, histology type, 2018 FIGO stage IIIC2 and IVA, SCC antigen, and pelvic lymph node number were independent factors for OS. Histology type, 2018 FIGO IIIC2 and IVA, SCC antigen, and pelvic lymph node number were significant predictors of DFS. Nomograms predicting 3-, 4-, and 5-year OS and DFS were constructed based on these factors (Figures 2, 3). As FIGO staging systems were associated with the survival of patients and the present study focused on the 2018 FIGO staging system, the 2018 FIGO stages IB, IIA, IIB, IIIA, and IIIB were also incorporated into the nomograms. However, these were not significant predictors of the OS and DFS in the multivariate analysis.


Table 2 | Univariate and multivariate analyses for overall survival in the model development cohort.




Table 3 | Univariate and multivariate analyses for disease-free survival in the model development cohort.






Figure 2 | (A) Nomogram predicting overall survival (OS) and (B) disease-free survival (DFS) for patients with cervical cancer being treated with concurrent chemoradiotherapy. To use the nomogram, locate an individual patient’s characteristic on the variable row and draw a line upward to the point row to determine the points received for each variable value. The total score was determined by adding up the individual parameter points. Locate the total score on the total points axis and draw a line downward to the survival axes to determine the 3- and 5-year survival probability. PLN, pelvic lymph node; SCC, squamous cell carcinoma; non-SCC, nonsquamous cell carcinoma.






Figure 3 | Receiver operating characteristic (ROC) curve and area under ROC curve (AUC) for nomograms predicting 5-year overall survival (OS) and disease-free survival (DFS) in the model development and validation cohorts. (A) ROC and AUC for nomogram predicting 5-year OS; (B) ROC and AUC for nomogram predicting 5-year DFS.



In the model development and validation cohorts, the concordance index values were 0.78 and 0.75 for the nomogram predicting OS and 0.74 and 0.67 for the nomogram predicting OS and DFS, respectively. In the model development and validation cohorts, the AUCs were 0.81 and 0.77 for the nomogram predicting 5-year OS (Figure 3A) and 0.73 and 0.68 for the nomogram predicting 5-year DFS (Figure 3B), respectively. The receiver operating characteristic (ROC) curve of nomograms predicting 3-year OS and DFS in the model development and validation cohorts are shown in Supplementary Figure S1. The calibration of the nomograms predicting 3- and 5-year OS and DFS in both cohorts are shown in Figure 4 and Supplementary Figure S2. The dashed line represents the ideal nomogram, and the solid line represents the observed nomogram. The predicted probability line was close to the ideal line. This suggests a good agreement between the predictions and actual values.




Figure 4 | Calibration of the nomograms predicting 5-year overall survival (OS) and disease-free survival (DFS) in the model development and validation cohorts, respectively. (A) Five-year OS in the model development cohort. (B) Five-year OS in the validation cohort. (C) Five-year DFS in the model development cohort. (D) Five-year the DFS in validation cohort. The dashed line represents the ideal nomogram, and the solid line represents the observed nomogram. The predicted probability line was close to the ideal line.





Discussion

Previously, we constructed a nomogram predicting the OS, DFS, local control, and distant metastasis-free rates in patients with cervical cancer based on the 2009 FIGO staging system (11). In that study, we focused on regional LNM. Lymph nodes were classified by region (paraaortic and pelvic), number, diameter, and laterality (bilateral/ipsilateral). After univariate and multivariate analyses, paraaortic LNM, pelvic LNM, and pelvic lymph node number were incorporated into our nomograms for predicting OS and DFS (11). Currently, paraaortic LNM (stage IIIC2) and pelvic LNM (stage IIIC1) have been incorporated into the 2018 FIGO staging system.

Currently, nomograms based on the 2018 FIGO staging system are limited. In 2021, Tang et al. conducted a large multicenter study of 3,238 patients, of whom 2,009 cervical cancer patients had FIGO stages IA1–IIA2 disease and had undergone surgeries. Patients were restaged according to the 2018 FIGO staging system. Subsequently, nomograms were constructed based on the 2018 FIGO stage, histology, and parametrial involvement (14). Zang et al. constructed a nomogram predicting survival for squamous cell cervical cancer patients with 2018 FIGO II and III. However, in this study, the 2018 FIGO stage was not analyzed in univariate and multivariate analyses and was not used in the nomogram (15). For patients with locally advanced cervical cancer patients treated with concurrent chemoradiotherapy, most nomograms developed after 2019 still use the 2009 or 2014 FIGO staging system (16–18). To the best of our knowledge, this is the first nomogram based on the 2018 FIGO staging system for patients with locally advanced cervical cancer treated with concurrent chemoradiotherapy.

In the 2018 FIGO staging system, the survival of patients with IIIC1 varies depending on the local tumor factors (19). Patients with stage IIIC1 disease may have much better survival than patients with stages IIIA and IIIB (19, 20). A study by the National Cancer Database included 62,212 patients with cervical cancer. For patients with stages IIIA, IIIB, and IIIC1 diseases, the 5-year survival rates were 40.7%, 41.4%, and 60.8%, respectively (20). In another study based on the SEER database, the 5-year cause-specific survival of patients with stages IIIA, IIIB, and IIIC1 cervical cancer were 46.0%, 42.6%, and 62.1%, respectively (19). Similarly, in this study, stage IIIC1 cervical cancer had lower points than stages IIIA and IIIB cervical cancer in the nomogram predicting DFS and OS. This suggests that patients with stage IIIC1 cervical cancer benefit from further classification. According to the American Joint Committee on Cancer, the N stage is also classified using factors such as number (breast cancer, rectal cancer), bilateral/ipsilateral (nasopharyngeal carcinoma, other head and neck cancers), and diameter (head and neck cancers, cancer of the vulva) of lymph nodes in the staging system for some tumors. In the present study, the number of metastatic pelvic lymph nodes became significant in predicting OS and DFS once the 2018 FIGO staging was used in the multivariate analysis. The points for ≥2 pelvic lymph nodes in nomograms were comparatively high. A patient with two or more pelvic lymph nodes will score 65 points in the nomogram predicting DFS with 24 points from IIIC1 and 41 points from thepelvic number for pelvic LNM ≥2. It is only 9 points lower than that of IIIC2 (72 points). If the FIGO staging system undergoes further subclassification in the future, the number of pelvic lymph nodes has the potential to be adopted.

In this study, histology and SCC antigen were also considered in the nomogram predicting OS and DFS. Age was considered only for predicting OS. It is clear that patients with adenocarcinoma, adenosquamous carcinoma, or neuroendocrine carcinoma have poorer survival than patients with SCC (21–24). Excessive pretreatment with SCC antigen is associated with poor survival (13, 25). These factors were added to the nomograms to improve their accuracy.

This study had some limitations. Both cohorts were from the same database of a single institute. External validation with an independent cohort was not conducted. Hence, the nomograms should be externally validated with an independent cohort before clinical use. Tumor-differentiation grade and lymph-vascular space invasion (LVSI) are important prognostic factors for patients with cervical cancer (26–31). However, data on tumor-differentiation grade and LVSI were largely absent in our database and were not analyzed in the present study. Although the reason for this was to avoid inroducing bias by skewing the data, it may lead to bias on omission. Additionally, the median follow-up period was just 49.2 months, which is not long enough. Furthermore, as histology was not balanced between the model development and validation cohorts, this may influence on the results of external validation.

In summary, we have constructed nomograms to predict the OS and DFS of patients with cervical cancer being treated with definitive concurrent chemoradiotherapy or radiotherapy using the 2018 FIGO staging system.
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Supplementary Figure 1 | Receiver operating characteristic (ROC) curve and area under ROC curve (AUC) for nomograms predicting 3-year overall survival (OS) and disease-free survival (DFS) in model development and validation cohorts. (A) ROC and AUC for nomogram predicting 3-year OS; (B) ROC and AUC for nomogram predicting 3-year DFS.

Supplementary Figure 2 | Calibration of the nomograms predicting 3-year overall survival (OS) and disease-free survival (DFS) in the model development and validation cohorts. (A) Three-year OS in the model development cohort; (B) Three-year OS in the validation cohort; (C) Three-year DFS in the model development cohort; (D) Three-year DFS in the validation cohort.
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