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Background: Nomograms are predictive tools widely used for estimating cancer prognosis. We aimed to 
develop/validate a nomogram to predict the postsurgical 5-year overall survival (OS) and disease-free survival 
(DFS) probability for patients with stages IB1, IB2, and IIA1 cervical cancer [2018 International Federation 
of Gynecology and Obstetrics (FIGO 2018)].
Methods: We retrospectively enrolled cervical cancer patients at 47 hospitals with stages IB1, IB2, and IIA1 
disease from the Clinical Diagnosis and Treatment for Cervical Cancer in China database. All patients were 
assigned to either the development or validation cohort (75% of patients used for model construction and 
25% used for validation). OS and DFS were defined as the clinical endpoints. Clinicopathological variables 
were analyzed based on the Cox proportional hazards regression model. A nomogram was established and 
validated internally (with bootstrapping) and externally, and its performance was assessed according to the 
concordance index (C-index), receiver-operating characteristic curve, and calibration plot.
Results: In total, 4,065 patients were enrolled and assigned to the development cohort (n=3,074) or 
validation cohort (n=991). The OS nomogram was constructed based on age, FIGO stage, stromal invasion, 
and lymphovascular space invasion (LVSI). The DFS nomogram was constructed based on the FIGO stage, 
histological type, stromal invasion, and LVSI. Both nomograms showed greater discrimination than the 
FIGO 2018 staging system in the development cohort [OS nomogram vs. FIGO 2018: C-index =0.69 vs. 
0.61, area under the curve (AUC): 69.8 vs. 60.3; DFS nomogram vs. FIGO 2018: C-index =0.64 vs. 0.57, 
AUC: 62.6 vs. 56.9], and the same results were observed the definition in the validation cohort. Calibration 
plots demonstrated good agreement between the predicted and actual probabilities of 5-year OS/DFS in the 
development and validation cohorts. We stratified the patients into 3 subgroups with differences in OS/DFS. 
Each risk subgroup presented a distinct prognosis.
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Introduction

In 2018, the International Union of Gynecology and 
Obstetrics (FIGO 2018) published a revised cervical cancer 
staging system. For the first time, imaging and pathology 
were used to assess staging. One of the updates is the 
classification of stage IB disease into three substages based 
on the two cutoff values of 2 and 4 cm in tumor diameter: 
stage IB1 (≤2 cm), stage IB2 (>2 to ≤4 cm), and IB3 (>4 cm). 
Another update was to classify patients with lymph node 
metastases as stage IIIC (1). However, the predictive efficacy 
of FIGO 2018 staging for overall oncological outcomes 
has yet to be supported by clinical evidence from multiple 
centers and large samples. Current staging systems fail to 
identify which patients are at the highest risk for death or 
recurrence. Therefore, it is essential to locate a method to 
accurately predict the prognosis of cervical cancer patients 
based on FIGO 2018 staging.

Nomograms are predictive models that provide a score 
or a probability that a patient will be disease-free or alive 
within a specific timeframe (2). Recently, Nomograms have 
been widely used in predicting the individual prognosis 
of patients with malignancies (3-7). In Yang et al., locally 
advanced cervical cancer patients with the 2018 FIGO stage 
recommended to undergo radical chemoradiotherapy in the 
guidelines were included, and the survival was effectively 
predicted (8). However, there is no nomogram to predict 
the prognosis of cervical cancer patients with surgical 
treatment as standard treatment based on FIGO 2018 
staging. The guidelines recommend surgery for patients 
with stages IB1, IB2, and IIA1 (9).

The present study aimed to develop and validate a 
nomogram to predict 5-year overall survival (OS) and 5-year 
disease-free survival (DFS) in cervical cancer patients with 
FIGO 2018 stages IB1, IB2, and IIA1 disease. In addition, 
we established a risk stratification system to effectively 

identify high-risk patients and assist doctors in personalized 
treatment and follow-up of patients.

We present the following article in accordance with 
the STROBE reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-21-6367/rc).

Methods

Data sources

The present study cases were selected from the Chinese 
Cervical cancer Clinical Diagnosis and Treatment Database, 
which included a total of 63,926 cases of cervical cancer 
diagnosed from 47 hospitals (10-13). All procedures 
performed in this study involving human participants were 
in accordance with the Declaration of Helsinki (as revised 
in 2013). The Ethics Committee of Nanfang Hospital 
affiliated with Southern Medical University (Guangzhou, 
China) approved the study (ethics No. NFEC-2017-135). 
Individual consent for this retrospective analysis was waived. 
The study protocol was registered in the International 
Clinical Trials Registry Platform Search Portal (Identifier: 
CHiCTR1800017778).

Inclusion and exclusion criteria

The inclusion criteria were as follows: (I) 18 years or 
older; (II) FIGO stages IB1, IB2, and IIA1(FIGO 2018); 
(III) histological type of squamous cell carcinoma or 
adenocarcinoma; (IV) surgical approach was abdominal; (V) 
upfront the Querleu-Morrow classification (Q-M) type B 
or type C radical hysterectomy + pelvic lymphadenectomy 
± para-aortic lymphadenectomy; (VI) intact postoperative 
pathological outcomes; and (VII) >5 years’ follow up.

Patients were excluded if they had the following special 
conditions: (I) cervical cancer during pregnancy; (II) cervical 
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stump cancer; (III) cervical cancer concomitant with other 
malignant tumors; and (IV) use of neoadjuvant therapy.

Statistical analysis

Grouping
Enrolled patients were divided by surgical hospitals at a 3:1 
ratio; the groups included 3,074 patients from 7 hospitals as 
the development cohort and 991 patients from 13 hospitals 
as the validation cohort.

Independent prognostic factors for OS/DFS in the 
development cohort
Candidate prognostic variables included clinical and 
pathological findings or potential prognostic factors for 
cervical cancer based on prior studies, such as age, FIGO 
stage, histological type, stromal invasion, surgical margins, 
and lymphovascular space invasion (LVSI) in the surgical 
specimen. The Cox proportional hazards regression model 
was used in the univariable and multivariable analyses to 
identify independent predictors of OS/DFS in enrolled 
patients that could be incorporated into nomograms.

Observation indicators
The patients included in this study were followed up 
through telephone follow-up and the reporting system of 
the hospital. The last follow-up was on December 31, 2018. 
5-year OS/DFS were the primary endpoints of this study. 
OS was defined as the time from diagnosis to death from 
any cause or the last follow-up. DFS was defined as the time 
from diagnosis to death, recurrence, or last follow-up.

Construction and validation of a nomogram
The OS and DFS nomograms were established based 
on Cox regression analyses. The score of each variable 
and the survival probability corresponding to the total 
score was automatically calculated. The performance 
of the nomogram was assessed through estimates of 
discrimination and calibration (1000 bootstrap resamples). 
Internal and external validation was performed in the 
development and validation cohorts, respectively. The 
discrimination performance of the nomogram was evaluated 
by concordance index (C-index) and receiver-operating 
characteristic curve. We used calibration curves to assess the 
consistency between the predicted and actual 5-year OS/
DFS probabilities.

Furthermore, a risk-stratification system was developed 
using the best cut-off value of the total score in the 

development cohort. The cut-off value of the total score 
was obtained from X-tile plots. Patients were assigned 
to three risk subgroups: low, intermediate, and high 
risk. Survival differences among the three groups were 
analyzed by Kaplan-Meier analysis. Quantitative variables 
were compared between groups using Student’s t test. 
All statistical analyses were conducted using IBM SPSS 
statistics version 25.0 (SPSS, Armonk, NY, USA), R 
software version 4.04 (www.r-project.org), and X-tile 
Software (Yale University School of Medicine, New Haven, 
CT, USA). Differences were considered significant at 
P<0.05.

Results

Baseline characteristics

A total of 4,065 consecutive patients between 2004 and 2013 
were included in the present study (Figure 1). The median 
follow up in the development and validation cohorts was 40 
and 51 months, respectively. All patients had all nomogram 
variables available and were included in the model. Table 1  
shows the characteristics of patients in the development 
and validation cohorts. There was no significant difference 
in age, stromal invasion, and the margin between the 
development and the validation cohorts (P>0.05). 

Independent predictors in the development cohort

The results from the univariate analysis were as follows: age, 
FIGO stage, stromal invasion, and LVSI were significantly 
associated with OS; age, FIGO stage, histological type, 
stromal invasion, and LVSI were prognostic factors of DFS. 
The multivariable analysis showed that age, FIGO stage, 
stromal invasion, and LVSI were independent prognostic 
factors for OS; FIGO stage, histological type, stromal 
invasion, and LVSI were independent prognostic factors for 
DFS (Tables 2,3).

Model development

Based on the independent prognostic factors obtained 
by the multivariate Cox regression model, OS and DFS 
nomograms were constructed (Figure 2). Internal validation 
was performed using the bootstrapping correction 
technique. The estimated 5-year OS/DFS probability can 
be obtained by summing up the points of each variable to 
find the corresponding point on the total points axis and 
drawing a vertical line from that point down. The higher 
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Figure 1 Flow chart. Illustration of patient inclusion.

63,926 patients in Clinical Diagnosis and Treatment for
Cervical Cancer in China database 

48,727 patients underwent surgery

4,065 patients were included in this study

3,074 in development cohort and 991 in validation cohort

Were excluded
Did not meet age criteria
Did not meet histological type 
criteria
Did not meet FIGO stage criteria 
received preoperative treatment
Did not meet surgical approach
Stage criteria or the approach
was unknown
Did not undergo Q-M type B or type 
C radical hysterectomy or the type 
of hysterectomy was unknown
Did not undergo pelvic 
lymphadenectomy or had unknown 
lymphadenectomy status
Follow-up was lost
Follow-up was less than 5 years
Patients with pregnancy
Cervical stump carcinoma
Patients with other malignancies 

44,662 
74
1,370

31,891 

1,410 
5,785

844

34 

1,800
1,432
6
4
12

Table 1 Characteristics of the model’s development and validation cohorts

Variable Overall (n=4,065) Development cohort (n=3,074) Validation cohort (n=991) P value

Age 47.96±9.86 47.46±9.76 0.165

FIGO 2018 stage (%) 0.015

IB1 703 (17.3) 507 (16.5) 196 (19.8)

IB2 2,338 (57.5) 1,804 (58.7) 534 (53.9)

IIA1 1,024 (25.2) 763 (24.8) 261 (26.3)

Histological type (%) 0.028

SCC 3,596 (88.5) 2,735 (89) 861 (86.9)

AC 370 (9.1) 275 (8.9) 95 (9.6)

SAC 99 (2.4) 64 (2.1) 35 (3.5)

Stromal invasion (%) 0.458

≤1/2 2,281 (56.1) 1,735 (56.4) 546 (55.1)

>1/2 1,784 (43.9) 1,339 (43.6) 445 (44.9)

LVSI (%) 0.001

Negative 3,506 (86.2) 2,621 (85.3) 885 (89.3)

Positive 559 (13.8) 453 (14.7) 106 (10.7)

Margin (%) 0.645

Negative 3,986 (98.1) 3,016 (98.1) 970 (97.9)

Positive 79 (1.9) 58 (1.9) 21 (2.1)

AC, adenocarcinoma; FIGO, International Federation of Gynecology and Obstetrics; LVSI, lymphatic vascular invasion; SAC, 
adenosquamous carcinoma; SCC, squamous cell carcinoma.



Annals of Translational Medicine, Vol 10, No 2 January 2022 Page 5 of 14

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2022;10(2):121 | https://dx.doi.org/10.21037/atm-21-6367

the overall score calculated from the nomograms, the higher 
the likelihood of death or recurrence.

Model validation

Discrimination
Both internal and external validation was performed for the 
nomograms. Both the OS and DFS nomograms showed 
greater discrimination than the FIGO staging system in 
the development cohort [OS nomogram vs. FIGO 2018: 
C-index =0.69 vs. 0.61, area under the curve (AUC): 69.8 
vs. 60.3; DFS nomogram vs. FIGO 2018: C-index =0.64 
vs. 0.57, AUC: 62.6 vs. 56.9]. Results were the same for the 
validation cohort (Figure 3).

Calibration
The 5-year OS/DFS probability predicted by the 
nomograms and the actual 5-year OS/DFS probability are 

shown in the calibration plots (Figure 4). Calibration plots 
demonstrated good agreement between the predicted and 
actual probabilities of 5-year OS/DFS.

Risk-stratification system

The risk-stratification system was established by calculating 
the total score of patients in the developmental cohort and 
stratifying them according to the optimal cut-off value. 
Patients were classified into three risk subgroups according 
to the OS nomogram: low risk (<141.22), intermediate risk 
(≥141.22, <206.32), and high risk (≥206.32); patients were 
classified into three risk subgroups according to the DFS 
nomogram: low risk (<119.53), intermediate risk (≥119.53, 
<226.98), and high risk (≥226.98). Each risk subgroup 
presented a distinct prognosis, and this system accurately 
distinguished the OS/DFS of the three subgroups (P<0.05) 
(Figure 5). According to the grouping criteria, survival 

Table 2 Univariate and multivariate Cox proportional hazards regression for overall survival

Variable
Univariate analysis Multivariate analysis

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

Age 1.039 (1.02–1.059) <0.001*** 1.025 (1.005–1.046) 0.012*

FIGO 2018 stage

IB1 Reference Reference

IB2 4.497 (1.638–12.35) 0.004 3.2 (1.149–8.912) 0.026*

IIA1 7.856 (2.833–21.786) <0.001*** 4.145 (1.449–11.857) 0.008**

Histological type

SCC Reference Reference

AC 1.047 (0.547–2.005) 0.89 1.429 (0.74–2.76) 0.287

SAC 1.79 (0.842–3.806) 0.226 2.386 (0.872–6.529) 0.09

Stromal invasion

≤1/2 Reference Reference

>1/2 3.025 (2.035–4.498) <0.001*** 2.109 (1.392–3.196) <0.001***

LVSI

Negative Reference Reference

Positive 2.095 (1.389–3.161) <0.001*** 1.695 (1.118–2.572) 0.013*

Margin

Negative Reference Reference

Positive 1.377 (0.438–4.335) 0.584 0.865 (0.271–2.759) 0.807

*P<0.05; **P<0.01; ***P<0.001. AC, adenocarcinoma; CI, confidence interval; FIGO, International Federation of Gynecology and Obstetrics; 
HR, hazard ratio; LVSI, lymphatic vascular invasion; SAC, adenosquamous carcinoma; SCC, squamous cell carcinoma.
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Figure 2 Forest plot showing the hazard ratio and 95% confidence interval for overall survival (A) and disease-free survival (B) according to 
the Cox proportional hazards regression analysis. AC, adenocarcinoma; FIGO, International Federation of Gynecology and Obstetrics; LVSI, 
lymphatic vascular invasion; SAC, adenosquamous carcinoma; SCC, squamous cell carcinoma; CI, confidence interval; HR, hazard ratio.

Table 3 Univariate and multivariate Cox proportional hazards regression for disease-free survival

Variable
Univariate analysis Multivariate analysis

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

Age 1.018 (1.005–1.031) 0.008** 1.008 (0.995–1.023) 0.231

FIGO 2018 stage

IB1 Reference Reference

IB2 1.662 (1.058–2.612) 0.027* 1.298 (0.814–2.068) 0.274

IIA1 2.469 (1.542–3.954) <0.001*** 1.744 (1.059–2.874) 0.029*

Histological type

SCC Reference Reference

AC 1.503 (1.012–2.232) 0.044* 1.779 (1.191–2.657) 0.005**

SAC 1.655 (0.779–3.516) 0.19 1.79 (0.842–3.806) 0.131

Stromal invasion

≤1/2 Reference Reference

>1/2 2.321 (1.778–3.03) <0.001*** 2.04 (1.535–2.71) <0.001***

LVSI

Negative Reference Reference

Positive 1.58 (1.156–2.159) 0.004** 1.379 (1.003–1.895) 0.048*

Margin

Negative Reference Reference

Positive 1.627 (0.767–3.452) 0.205 1.214 (0.565–2.607) 0.619

*P<0.05; **P<0.01; ***P<0.001. AC, adenocarcinoma; CI, confidence interval; FIGO, International Federation of Gynecology and Obstetrics; 
HR, hazard ratio; LVSI, lymphatic vascular invasion; SAC, adenosquamous carcinoma; SCC, squamous cell carcinoma.
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Figure 3 Nomogram to predict 5-year overall survival (A) and 5-year disease-free survival (B) for patients with stages IB1, IB2, and IIA1 
cervical cancer [International Federation of Gynecology and Obstetrics (FIGO) 2018]. AC, adenocarcinoma; LVSI, lymphatic vascular 
invasion; SAC, adenosquamous carcinoma; SCC, squamous cell carcinoma; OS, overall survival; DFS, disease-free survival.
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Figure 4 Area under the curve (AUC) value of the receiver-operating characteristic (ROC) curve predicting: (A) ROC curves of overall 
survival (OS) nomogram and International Federation of Gynecology and Obstetrics (FIGO) staging system in the development cohort, 
(B) ROC curves of disease-free survival (DFS) nomogram and FIGO staging system in the development cohort, (C) ROC curves of OS 
nomogram and FIGO staging system in the development cohort, and (D) ROC curves of OS nomogram and FIGO staging system in the 
validation cohort.

analysis was performed for each risk subgroup in the 
development and validation cohorts. The results indicated 
that the risk-stratification system accurately differentiated 
the three subgroups according to OS/DFS (Figure 6).

Discussion

We developed and validated a robust prediction model that 
can be used to predict 5-year OS and 5-year DFS for stages 
IB1, IB2, and IIA1 cervical cancer patients using a Chinese 
database. The nomogram showed good prediction accuracy 
in the development and validation cohorts. The nomogram 
can predict patient prognosis individually and showed 
better predictive performance than the FIGO staging 
system. In addition, the established risk-stratification system 
differentiates patients with different prognosis, making it 
easier to identify high-risk patients and improve treatment 

strategies and follow-up plans.
Individual prognosis is essential for both patients and 

doctors, but FIGO staging alone is too simplified to predict 
prognosis. Therefore, patients with equivalent anatomical 
spread, yet variable, outcomes (recurrence or mortality) are 
categorized into the same stage, introducing heterogeneity. 
At the same time, the FIGO 2018 guidelines included 
imaging or pathological evidence to form a new stage of 
cervical cancer. All cases not exceeding FIGO 2009 stage 
IIIB are classified into the new stage IIIC stage, as long as 
lymph node metastasis is positive (1). However, the extent 
of stage migration and the changes in survival outcomes 
are not clear. In addition to FIGO staging, many other 
prognostic factors affect the oncological outcome of patients 
with cervical cancer (14-22).

One of the main advantages of a nomogram is that it can 
estimate the risk of individual endpoint events according 
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to the characteristics of patients and diseases. As far as we 
know, a nomogram has been used to predict the prognosis 
of various cancers (23-41). Although other researchers 
have created predictive models for cervical cancer, these 
nomograms have not been widely accepted or put into 
extensive clinical practice (6,42-46). Few nomograms for 
estimating the outcome of patients with FIGO 2018 stages 
IB1, IB2, and IIA1 cervical cancer have been published.

Nomograms have been used for risk stratification in 
several other diseases (6,7,33,47). The risk-stratification 
system established in the present study can accurately divide 
patients into three risk subgroups with significantly distinct 
prognoses to help clinicians evaluate a particular patient 
to determine that individual’s prognosis and conduct strict 
follow up.

To our knowledge, our study is the first to develop a 

multifactorial prognostic model in FIGO 2018 stages 
IB1, IB2, and IIA2 cervical cancer that has been externally 
validated. To date, a total of three nomograms have been 
published predicting the outcome of cervical cancer in the 
FIGO stage 2018 (8,48,49). Tang et al. included patients 
with FIGO stage IA1-IIA2 cervical cancer who received 
surgical treatment (48). As we all know, both surgical 
approach and hysterectomy type are known as risk factors 
affecting the prognosis of cervical cancer patients. However, 
in Tang’s study, there is no data screening for these two 
variables, leading to the fact that not all the cases included 
are those receiving standard treatment. Therefore, these 
confounding variables will affect the accuracy of the model 
and reduce the reliability of the prediction results. In our 
nomogram, all patients were screened by strict inclusion and 
exclusion criteria to ensure the reliability of the research 
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Figure 5 Calibration plots associated nomograms in both development and validation cohorts. (A) Calibration curve for predicting patient 
5-year overall survival (OS) in the development cohort. (B) Calibration curve for predicting patient 5-year disease-free survival (DFS) in the 
development cohort. (C) Calibration curve for predicting patient 5-year OS in the validation cohort. (D) Calibration curve for predicting 
patient 5-year DFS in the validation cohort.
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Figure 6 Kaplan-Meier curves based on risk-stratification system in both development and validation cohorts. (A) Kaplan-Meier curves for 
5-year overall survival (OS) based on risk-stratification system of the nomogram in the development cohort. (B) Kaplan-Meier curves for 
5-year disease-free survival (DFS) based on risk-stratification system of the nomogram in the development cohort. (C) Kaplan-Meier curves 
for 5-year OS based on risk-stratification system of the nomogram in the validation cohort. (D) Kaplan-Meier curves for 5-year DFS based 
on risk-stratification system of the nomogram in the validation cohort.

results and a high reference value. The other two studies 
predicted the prognosis of locally advanced cervical cancer 
who received radical chemoradiotherapy (8,49). However, 
both were single-center studies without external validation. 
One of the advantages of our research is the analysis of a 
significant amount of data using a multicenter approach. 
This convenient and straightforward nomogram was 
established with clinically available variables, and clinicians 
can use this nomogram to predict the prognosis of patients 
immediately.

However, there are some limitations to our study. 
First, this was a retrospective study, which affects the 
accuracy of restaging to a certain extent. Second, there 
might be differences in preoperative imaging examinations 
and medical record report writing standards at different 
hospitals, resulting in a lack of clinical data to a certain 
extent. Therefore, some cases will be lost because they 
cannot be restaged. Even if the follow up was multilevel, 
the follow-up rate was still lower than the international 
standard follow-up rate of malignant tumors (50).
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In the present study, we successfully developed a novel 
nomogram for predicting the 5-year OS and 5-year DFS 
of stages IB1, IB2, and IIA1 (FIGO 2018) cervical cancer 
patients for the first time. Internal and external validation 
showed that the model had good prediction performance 
and was superior to the currently utilized FIGO staging 
system. The nomogram is a ready-to-use tool, making it 
widely used in clinical practice. However, the model needs 
to be further verified in prospective studies to evaluate the 
prediction accuracy.
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