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Development and validation of a SEER-based prognostic
nomogram for cervical cancer patients below the age of
45 years
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ABSTRACT

In this study, we established a nomogram for the prognostic prediction of patients with early-onset cervical cancer (EOCC) for both over-
all survival (OS) and cancer-specific survival (CSS). The Surveillance, Epidemiology, and End Results (SEER) database was used to identify
10,079 patients diagnosed with EOCC between 2004 and 2015; these cases were then randomly divided into training and validation sets. The
independent prognostic factors were identified in a retrospective study of 7,055 patients from the training set. A prognostic nomogram was
developed using R software according to the results of multivariable Cox regression analysis. Furthermore, the model was externally validated
using the data from the remaining 3,024 patients diagnosed at different times and enrolled in the SEER database. For the training set, the
C-indexes for OS and CSS prediction were determined to be 0.831 (95 % confidence interval [Cl]: 0.815-0.847) and 0.855 (95 % CI: 0.839-0.871),
respectively. Receiver operating characteristic (ROC) analysis has revealed that the nomograms were a superior predictor compared with
TNM stage and SEER stage. The areas under the curve (AUC) of the nomogram for OS and CSS prediction in the ROC analysis were 0.855
(95 % CI: 0.847-0.864) and 0.782 (95 % CI: 0.760—0.804), respectively. In addition, calibration curves indicated a perfect agreement between
the nomogram-predicted and the actual 1-, 3-, and 5-year OS and CSS rates in the validation cohort. Thus, in this study, we established and
validated a prognostic nomogram that provides an accurate prediction for 3-, 5-, and 10-year OS and CSS of EOCC patients. This will be useful

for clinicians in guiding counseling and clinical trial design for cervical cancer patients.
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INTRODUCTION cancer, there remain significant differences in clinical prognosis,
especially with elderly patients. Therefore, accurate prognostic
Cervical cancer remains the fourth most common female ~ markers and improved individualized treatment are needed.

malignancy in the world [1,2], ranking second as the leading At present, the tumor lymph node metastasis (TNM) stag-

cause of cancer-related deaths in young women aged 20 to
39 years in 2020 [1]. The global incidence of cervical cancer is
approximately 500,000 cases annually [3], and the number of
new cases and deaths in China accounts for more than one-
fourth that of the entire world [4]. At present, surgery, radio-
therapy, chemotherapy, and immunotherapy serve as the pri-
mary treatments for this type of cancer [s]. Clinically, patients
younger than 45 years old are defined as having early-onset
cervical cancer. Although significant progress has been made
in surgery, radiotherapy, and chemotherapy for treating cervical
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ing system proposed by the American Joint Commission on
Cancer (AJCC) has been widely used to predict the progno-
sis of various cancers. This system considers tumor invasion
(T), regional lymph node (N), and distant metastasis (M) as
predictors [6]. However, prognosis based on the TNM stag-
ing system remains limited and does not accurately predict
prognosis. To establish an individualized treatment plan, it
is necessary to consider all the risk factors related to cancer,
especially for the treatment of EOCC patients.

In recent years, nomograms based on the regression coef-
ficient of each variable integrate multiple prognostic factors
and may better predict survival rate [7]. It has been used
to predict the prognosis of various cancers such as gastric
cancer [8] and breast cancer [9]. As a prognostic tool, nomo-
grams can accurately predict the overall survival rate (OS) and
cancer-specific survival rate (CSS) of patients, which is based
on multiple clinical variables included in the calculation. In
this study, we established nomograms to predict the 3-, 5-,
and 10- year OS and CSS of EOCC patients, which may be
deemed useful for establishing individualized treatments and

improving patient outcome.
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MATERIALS AND METHODS

Data source and patients

From 2004 to 2015, we adopted SEER * stat software [ver-
sion 8.3.5; SEER 18 Regs Custom Data (including additional
treatment fields), November 2018 sub (1975-2016 varying)
database] in order to identify 10,079 eligible patients who
were diagnosed with EOCC from the SEER database of the
National Cancer Institute, which includes clinicopathologi-
cal and individualized prognosis data. The exclusion criteria
were as follows: (I) patients over 45 years old; (1) patients
with multiple primary tumors; (III) unknown survival time;
(IV) non-histological studies; (V) unknown AJCC stage; (V1)
unknown TNM stage; and (V1I) patients with no surgery. The
screening scheme for the subjects is provided in Figure 1. All
eligible EOCC patients were randomly assigned to a training
and validation set.

Study variables

Clinical variables extracted from the SEER database
included age at diagnosis, race, marital status, histological type
of origin, primary tumor site, histologic type, tumor academic
stage, NM stage, SEER stage, tumor size (cm), chemotherapy,
and radiotherapy. The EOCC patients were then divided into
three groups based on age (<37, 37—40, and >40; Fig. S1) accord-
ing to the optimal cut-off value calculated by X-tile software
(version 3.6.1, Yale University School of Medicine, USA). The
clinical characteristics included race (white, black, and oth-
ers) and marital status (married, unmarried, unknown). The
tumor variables included the histological type (squamous cell
carcinoma, adenocarcinoma, and others), SEER stage (local-
ized, regional, and distant), tumor size (cm) (<4 cm, >4 cm, and

Cervical cancer patients diagnosed between
2004 and 2015

(n=41230)
N Exclude patients age>45
years old(n=25124)
Exclude multiple primaries L
tumor (n=1088) || Exclude survival time

unknown (n=35)

Exclude non histological ||
studies (n=196)

|| Exclude AJCC stage
unknown (n=837)

Exclude TNM stage ||
unknown (n=255)

|| Exclude patients without
surgery(n=3616)

Training set (n=7,055) and Validation set (n=3,024)

FIGURE 1. Schematic of patient screening process.
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unknown), radiotherapy (no or yes), and chemotherapy (no or
yes). Tumor grades [-1V were categorized as well differentiated,
moderately differentiated, poorly differentiated, and undiffer-
entiated. OS time refers to the survival time of the patient from
diagnosis to any cause of death or the date at which data were
deleted. The CSS time refers to the cancer-related survival time
from diagnosis to death, excluding other factors. The study end
point was survival (OS and CSS).

Ethical statement

Since the clinical data in this study were collected from a
publicly available database, there were no local or state ethical
issues. In addition, because this retrospective study was based
on public data from the SEER database, informed consent was
not required.

Statistical analysis

Kaplan—Meier curve and logrank tests were used to exam-
ine the OS and CSS of the EOCC patients. The objective was
to identify the predictive clinical factors for OS and CSS in
patients with EOCC by univariate and multivariate regression
analyses. The Cox proportional hazard results were used as the
basis of nomogram construction and validation. R software
version 3.5.1 (http://www.R-project.org) was used for creating
nomograms. A consistency index (C-index) and calibration
curve were used to evaluate the performance and accuracy of
the nomogram. The C-index value ranged from 0.50 to 1.00
and was positively correlated with the prediction performance
of the model. This shows that the model is accompanied with
a perfect discrimination ability when the value is 1.00. When
the calibration curve is applied to a fully calibrated model, the
prediction will fall on the 45° diagonal in the figure.

In addition, receiver operating characteristic (ROC) and
curves were used to evaluate the predictive performance of
nanograms, TNM stage and SEER stage. Statistical analy-
ses were conducted using Statistical Package for the Social
Sciences software (version 20.0; SPSS Inc, Chicago, IL, USA).
When p < 0.05, the results were statistically significant.

In addition, receiver operating characteristic (ROC)
curves were used to evaluate the predictive performance of
nomograms, TNM stage, and SEER stage. Statistical analyses
were conducted using the Statistical Package for the Social
Sciences software (version 20.0; SPSS Inc., Chicago, IL, USA).
P-values < 0.05 were considered statistically significant.

RESULTS

Patient baseline characteristics

In total, 10,079 eligible patients, who were diagnosed as
having EOCC from 2004 to 2015, were identified in the SEER
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database; these cases were then randomly divided into a
training set (n = 7,055) and a validation set (n = 3,024). For all
patients, there were 5,123 (50.8 %) patients <37 years old and 2,487
(24.7 %) patients >40 years old. For the race group, 8,138 (75.8 %)
patients were white, whereas 939 (9.3 %) patients were black.
Further, 5,067 (50.3 %) were identified to be married and 4,475
(44.2 %) unmarried. With respect to TMN stage, the majority of
patients were classified as No (8,806; 87.4.%), Mo (9,847; 97.7 %),
and T1 (8,983, 89.1 %) according to laboratory examinations and
postoperative pathological results. Squamous cell carcinoma
was the most prevalent pathology, accounting for 60.6 % (6106)
of the tumors. In the SEER stage group, 8,029 (79.7 %) patients
were found to have localized disease. There were 6,191 (61.4 %)
patients with a tumor size (cm) < 4. The treatment protocol for
the patients included chemotherapy (2,304; 22.9 %) and radio-
therapy (2,724; 27.0 %). Baseline demographic and clinical char-
acteristics of the patients are shown in Table 1.

Identification of independent prognostic factors of
OS and CSS in training set

Univariate and multivariate Cox regression analyses
were performed to identify the independent prognostic
factors for OS and CSS. For the univariate analysis, these
included age, race, marital status, histological type, grade,
AJCC stage, T stage, M stage, N stage, SEER stage, tumor size
(cm), chemotherapy, and radiotherapy as prognostic factors
for OS and CSS. Meanwhile, for multivariate Cox analysis,
four variables (age, marital status, N stage, and M stage) were
excluded from the independent prognostic factors for OS
(Table 2). The multivariate analysis also indicated that race,
histological type, grade, AJCC stage, T stage, SEER stage,
tumor size (cm), chemotherapy, and radiotherapy were
independent prognostic factors affecting the CSS of EOCC
patients (Table 3).

Development of a prognostic nomogram for OS
and CSS

The prognostic nomograms were based on the multivar-
iate Cox regression results. The prognostic nomogram for 3-,
5-,and 10- year OS and CSS (Figs. 2A and 2B) consisted of the
following independent prognostic factors: race, histological
type, grade, AJCC stage, T stage, SEER stage, tumor size (cm),
chemotherapy, and radiotherapy. The length of the line cor-
responding to each variable in the nomogram represents the
contribution of the predictors to survival outcome.

Each subtype of the variables that made up the nomogram
corresponds to a point on the “Points” scale. We then calcu-
lated the total score of a specific EOCC patient by adding the
scores of each subtype corresponding to each variable. Then, a
straight line was drawn from the position of these total scores
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on the “Total points” scale, thus providing each patient with 3-,
5-, and 10-year OS and CSS probabilities.

Validation and calibration of the nomogram for OS
and CSS

The time-dependent ROC curves for OS and CSS were
used to evaluate the prediction performance of the nomo-
gram in different sets. An AUC value of 0.5 indicates that the
nomogram has no predictive effect, whereas an AUC value
of 1 indicates that the nomogram can completely distinguish
patients with different survival rates. The higher the value
between 0.5 and 1, the stronger the resolution of the nomo-
gram. The area under the curve (AUC) values of the nomo-
gram for OS (Figure 3A) and CSS (Figure 3B) were 0.830 (95 %
CI: 0.821-0.838) and 0.855 (95 % CI: 0.847—0.864), respectively
(Table 4), in the training set, which were significantly larger
than the TNM stage and SEER stage. The results were the
same for the validation set. The AUCs for the nomogram were
0.828 (95 % Cl: 0.814—0.842) for OS (Fig. S2A) and 0.861 (95
% CI: 0.848—0.873) for CSS (Fig. S2B). At the same time, the
clinical usefulness of the nomogram was verified by DCA.
The results indicated that the nomogram had a good ability for
predicting OS and CSS, which was similar to the TNM stage
and SEER stage in the training set (Figs. 3C, D) and validation
set (Figs. S2C, D).

Next, the C-index was then used to verify the nomogram.
Significant differences were noted in OS and CSS among the
nomogram, TNM stage, and SEER stage (Table 4). In the train-
ing set, the C-index for OS predicted by the nomogram was
0.831 (95 % CI: 0.815—0.847), whereas the C-index for CSS was
0.855 (95 % Cl: 0.839—0.871), which was higher compared with
that of the TNM and SEER stages (P < 0.05). The same con-
clusion was drawn from the results of the validation dataset.
The C-index for OS predicted by the nomogram was 0.832
(95 % ClI: 0.807-0.857) and that of the CSS was 0.863 (95 % CI:
0.839—0.887) (Table 4). We have also generated a calibration
curve to compare the nomogram with a perfect curve. As per
the results, the 3-, 5-, and 10-year OS (Figs. 4 A,B,C) and CSS
(Figs.4 D,E,F) nomograms for the training set exhibited good
consistency with the actual observation, and this consistency
was also evident in the validation set (Fig. S3). The calibration
curves were very close to a perfect curve. The above results
indicate that the predicted values of the nomogram were in
good agreement with the observed values in the training and
verification sets.

DISCUSSION

Cervical cancer remains to be the fourth most common
malignant tumor among women threatens the lives of most

women across the globe [11]. In practice, there is a need to
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TABLE 1. Baseline demographic and clinical characteristics with EOCC patients in our study

o Total The training cohort The validation cohort
Characteristic B u—
No. (%) No. (%) No. (%)

Total 10079 7055 (70.0) 3024 (30.0)
Age, years

<37 5123 (50.8) 3539 (50.2) 1584 (52.4)

37-40 2469 (24.5) 1760 (24.9) 709 (23.4)

540 2487 (24.7) 1756 (24.9) 731 (24.2)
Race

White 8138 (80.7) 5699 (80.8) 2439 (80.7)

Black 939 (9.3) 652(9.2) 287(9.5)

Others 1002 (9.9) 704 (10.0) 298 (9.9)
Marital status

Married 5067 (50.3) 3574 (50.7) 1493 (49.4)

Unmarried 4475 (44.4) 3116 (44.2) 1359 (44.9)

Unknown 537 (5.3) 365 (5.2) 172 (5.7)
Histological type

Squamous cell carcinoma 6106 (60.6) 4268 (60.5) 1838 (60.8)

Adenocarcinoma 2982 (29.6) 2121 (30.1) 861 (28.5)

Others 991 (9.8) 666 (9.4) 325(10.7)
Grade

Grade [ 1594 (15.8) 1120 (15.9) 474.(15.7)

Grade II 3164 (31.4) 2187 (31.0) 977 (32.3)

Grade III 2261 (22.4) 1613 (22.9) 648 (21.4)

Grade IV 190 (1.9) 128 (1.8) 62 (2.1)

Unknown 2870 (28.5) 2007 (28.4) 863 (28.5)
AJCC stage

I 8153 (80.9) 5715 (81.0) 2438 (80.6)

Il 485 (4.8) 333 (4.7) 152 (5.0)

il 1189 (11.8) 829 (11.8) 360 (11.9)

I\Y% 252 (2.5) 178 (2.5) 74 (2.4)
AJCCT stage

Tl 8983 (89.1) 6293 (89.2) 2690 (89.0)

T2 828 (8.2) 575(8.2) 253 (8.4)

T3 231(2.3) 159 (2.3) 72 (24)

T4 37(04) 28 (0.4) 9(0.3)
AJCC N stage

NO 8806 (87.4) 6173 (87.5) 2633 (87.1)

N1 1273 (12.6) 882 (12.5) 391 (12.9)
AJCC M stage

MO 9847 (97.7) 6892 (97.7) 2955 (97.7)

M1 232(2.3) 163(2.3) 69 (2.3)
SEER stage

Localized 8029 (79.7) 5627 (79.8) 2402 (79.4)

Regional 1798 (17.8) 1250 (17.7) 548 (18.1)

Distant 252 (2.5) 178 (2.5) 74 (2.4)
Tumor size (cm)

<4 6191 (61.4) 4353 (61.7) 1838 (60.8)

>4 1297 (12.9) 914 (13.0) 383 (12.7)

Unknown 2591 (25.7) 1788 (25.3) 803 (26.6)
Chemotherapy

Yes 2304 (22.9) 1621 (23.0) 683 (22.6)

No/Unknown 7775 (77.1) 5434 (77.0) 2341 (77.4)
Radiotherapy

Yes 2724.(27.0) 1896 (26.9) 828 (27.4)

No/Unknown 7355 (73.0) 5159 (73.1) 2196 (72.6)

AJCC, American Joint Committee on Cancer; SEER, Surveillance, Epidemiology, and End Results. EOCC, early-onset cervical cancer.

improve survival rates, accurately predict EOCC patient
prognosis, and formulaworldwide [1,2], and its age of onset
tends to be younger [10]. In addition, the mortality rate for cer-

vical cancer ranks first among female malignant tumors, being

a major disease that seriously te individualized treatment
plans. Our goal is thus to develop a robust system to compre-
hensively consider multiple prognostic factors to accurately
predict the survival time of EOCC patients.
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Univariate analysis

Multivariate analysis®

Characteristic - -
Hazard Ratio (95% CI) Pvalue Hazard Ratio (95% CI) Pvalue

Age, years

<37 Reference Reference

37-40 1.13(0.93-1.38) 0212 - 0.615

>40 147 (1.22-1.76) <0.001 - 0.186
Race

White Reference Reference

Black 1.85 (1.49-2.30) <0.001 1.63 (1.31-2.03) <0.001

Others 1.16 (0.90-1.50) 0.263 1.19 (0.92-1.55) 0.187
Marital status

Married Reference Reference

Unmarried 1.42 (1.21-1.66) <0.001 0.029

Unknown 0.73 (0.46-1.14) 0.167 0.425
Histological type

Squamous cell carcinoma Reference Reference

Adenocarcinoma 0.69 (0.57-0.84) <0.001 1.16 (0.94-1.42) 0.170

Others 1.91 (1.55-2.36) <0.001 1.56 (1.26-1.94) <0.001
Grade

Grade | Reference Reference

Grade II 2.58 (1.79-3.72) <0.001 1.97 (1.34-2.88) <0.001

Grade 111 6.16 (4.32-8.79) <0.001 3.33(2.29-4.84) <0.001

Grade IV 8.19 (5.04-13.33) <0.001 340 (2.05-5.64) <0.001

Unknown 1.35 (0.91-2.00) 0.132 1.53 (1.02-2.29) 0.040
AJCC stage

I Reference Reference

I 5.67 (4.35-7.39) <0.001 0.46 (0.25-0.84) 0.011

I 7.57 (6.32-9.08) <0.001 0.78 (0.46-1.30) 0.338

v 21.14 (16.67-26.81) <0.001 4.78 (3.43-6.67) <0.001
AJCCT stage

T1 Reference Reference

T2 5.98 (4.98-7.18) <0.001 1.77 (1.35-2.32) <0.001

T3 13.22 (10.34-16.89) <0.001 2.84(2.12-3.81) <0.001

T4 27.79 (17.70-43.63) <0.001 3.87 (2.27-6.58) <0.001
AJCC N stage

NO Reference Reference

N1 6.22 (5.31-7.28) <0.001 0.060
AJCC M stage

MO Reference Reference

M1 1044 (8.32-13.11) <0.001 - 0.694
SEER stage

Localized Reference Reference

Regional 7.15 (6.03-8.49) <0.001 2.60 (1.58-4.31) <0.001

Distant 22.33 (17.57-28.39) <0.001 348 (2.17-5.57) <0.001
Tumor size (cm)

<4 Reference Reference

>4 5.79 (4.85-6.91) <0.001 1.66 (1.36-2.02) <0.001

Unknown 1.35 (1.10-1.66) 0.004 1.49 (1.20-1.84) <0.001
Chemotherapy

Yes Reference Reference

No/Unknown 0.13(0.11-0.15) <0.001 0.54(0.42-0.70) <0.001
Radiotherapy

Yes Reference Reference

No/Unknown 0.15 (0.13-0.18) <0.001 0.67 (0.52-0.87) 0.002

0S, Overall survival; AJCC, American Joint Committee on Cancer; SEER, Surveillance, Epidemiology, and End Results.
aModel was adjusted by age, race, marital status, histological type, grade, AJCC stage, TNM stage, SEER stage, tumor size, chemotherapy and
radiotherapy.

A nomogram is a graphical representation of a  individual probabilities of survival at certain times. This pres-
multivariable prognostic model that integrates multiple  ent study focused on prognosis prediction for EOCC patients
prognostic factors and can be used to accurately evaluate — based on the construction of a nomogram. First, univariate
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TABLE 3. Univariate and multivariate analysis of cancer-specific survival (CSS) rates in training cohort

. Univariate analysis Multivariate analysis®
Characteristic - -
Hazard Ratio (95% CI) Pvalue Hazard Ratio (95% CI) Pvalue
Age, years
<37 Reference Reference
37-40 1.04-(0.84-1.30) 0.704 - 0.445
>40 1.28 (1.04-1.57) 0.021 - 0.896
Race
White Reference Reference
Black 2.02 (1.60-2.56) <0.001 1.77 (1.39-2.25) <0.001
Others 1.12 (0.83-1.51) 0.464 1.15 (0.85-1.55) 0.367
Marital status
Married Reference Reference
Unmarried 1.37 (1.14-1.63) <0.001 - 0.222
Unknown 0.68 (0.40-1.14) 0.142 - 0.468
Histological type
Squamous cell carcinoma Reference Reference
Adenocarcinoma 0.66 (0.53-0.83) <0.001 1.16 (0.92-1.47) 0.219
Others 1.94 (1.54-2.45) <0.001 1.54(1.21-1.96) <0.001
Grade
Grade [ Reference Reference
Grade II 2.65 (1.74-4.03) <0.001 1.94-(1.27-3.00) 0.003
Grade III 6.64 (4.43-9.95) <0.001 3.35(2.18-5.14) <0.001
Grade IV 9.72 (5.70-16.57) <0.001 3.68 (2.11-6.41) <0.001
Unknown 1.18 (0.75-1.86) 0.482 1.38 (0.86-2.22) 0.178
AJCC stage
I Reference Reference
I 6.73(4.99-9.08) <0.001 041 (0.21-0.79) 0.007
I 941 (7.65-11.58) <0.001 0.73 (0.42-1.30) 0.287
v 26.74 (20.54-34.81) <0.001 5.06 (3.51-7.30) <0.001
AJCCT stage
T1 Reference Reference
T2 6.89 (5.63-8.44) <0.001 1.85 (1.38-2.48) <0.001
T3 1543 (11.82-20.15) <0.001 291 (2.12-4.00) <0.001
T4 32.10 (19.64-52.46) <0.001 4.07 (2.28-7.26) <0.001
AJCC N stage
NO Reference Reference
N1 7.05 (5.91-8.40) <0.001 - 0.222
AJCC M stage
MO Reference Reference
M1 11.80 (9.25-15.06) <0.001 - 0.612
SEER stage
Localized Reference Reference
Regional 8.92(7.31-10.89) <0.001 2.82(1.61-4.93) <0.001
Distant 28.68 (21.95-37.49) <0.001 4.29 (3.14-5.86) <0.001
Tumor size (cm)
<4 Reference Reference
>4 6.49 (5.33-7.91) <0.001 1.66 (1.34-2.07) <0.001
Unknown 1.30 (1.02-1.65) 0.031 1.46 (1.13-1.87) 0.003
Chemotherapy
Yes Reference Reference
No/Unknown 0.10 (0.08-0.12) <0.001 0.45 (0.34-0.61) <0.001
Radiotherapy
Yes Reference Reference
No/Unknown 0.12 (0.09-0.14) <0.001 0.61 (0.46-0.82) 0.001

CSS, Cancer-specific survival; AJCC, American Joint Committee on Cancer; SEER, Surveillance, Epidemiology, and End Results.
aModel was adjusted by age, race, marital status, histological type, grade, AJCC stage, TNM stage, SEER stage, tumor size, chemotherapy and
radiotherapy

and multivariate Cox regression analysis were performed to  histological type, grade, AJCC stage, T stage, SEER stage,
assess independent prognostic factors for OS and CSS. The  tumor size (cm), chemotherapy, and radiotherapy were inde-
results of the multivariate analysis also indicated that race,  pendent prognostic factors of CSS for EOCC patients. We
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FIGURE 2. The nomogram containing independent prognostic factors for the 3-, 5-, and 10-year overall survival (OS) and can-
cer-specific survival (CSS) prediction of EOCC patients. A, Nomogram for 0OS; B, Nomogram for CSS.
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established prognostic nomograms for 3-, 5-, and 10-year OS
and CSS for EOCC patients.
The ROC curve, DCA curve, and C-index were used to

verify the clinical practicability and predictive performance of

the nomogram, which revealed its superiority compared with
TNM stage and SEER stage. At the same time, the prediction
accuracy for OS and CSS at 3-, 5-, and 10- years was evaluated
using a calibration curve, which was in good agreement with
the actual observational results. In practice, the area under the
curve (AUC) values of the nomogram for OS (Figure 3A, S2A)
and CSS (Figure 3B, S2B) were 0.830 (95 % CI: 0.821-0.838)
and 0.855 (95 % Cl: 0.847—0.864) in the training set and 0.828
(95 % CI:0.814—0.842) and 0.861 (95 % Cl:0.848-0.873) in the
validation set, respectively (Table 4). Furthermore, the C-index
of OS and CSS predicted by the nomogram was 0.831 (95 %
ClI: 0.815-0.847) and 0.855 (95 % CI: 0.839—0.871) in the train-
ing set and 0.832 (95 % CI: 0.807-0.857) and 0.863 (95 % Cl:
0.839—0.887) in the validation set, respectively (Table 4). This
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confirms the good predictive ability of the nomogram. The
results of the DCA curve also provided proof for the robust
clinical value of the nomogram.

As a prognostic tool to graphically display clinical results,
a nomogram can accurately predict the overall survival (OS)
and cancer-specific survival (CSS) rates of patients, which is
attributed to the multiple clinical variables included in its cal-
culation. Recently, nomograms consisting of various clinical
variables have been used to predict the prognosis of different
CC patients [12-15]. Wang et al. [14] analyzed cervical cancer
patient data recorded in the SEER database and established a
nomogram for postoperative survival prediction. It provided
patients with resected CC with an accurate individualized
prediction of OS, thus assisting clinicians in decision-making,
Similarly, Xie et al. [15] developed a nomogram for predict-
ing the prognosis of cervical cancer patients aged 65 years or
older and comprehensively analyzed the independent prog-

nostic factors including race, marriage, histological types,
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TABLE 4. Comparison of C-indexes and AUC between the nomogram, SEER stage and TNM stage in EOCC patients

Training cohort

Validation cohort

Survival types Tumor stage types

Hazard Ratio (95% CI) Pvalue Hazard Ratio (95% CI) Pvalue

C-indexes

oS Nomogram 0.831 (0.815-0.847) 0.008 0.832 (0.807-0.857) 0.013
SEER stage 0.757 (0.738-0.776 0.010 0750 (0.720-0.780) 0.017
TNM stage 0.758 (0.738-0.778 0.010 0.754(0.723-0.785) 0.017

CSS Nomogram 0.855 (0.839-0.871 0.009 0.863 (0.839-0.887) 0.012
SEER stage 0.778 (0.757-0.799 0.011 0.776 (0.744-0.808) 0.017
TNM stage 0.779 (0.757-0.801 0.011 0.783 (0.750-0.816) 0.017

AUC

OS Nomogram 0.830 (0.821-0.838 0.009 0.828 (0.814-0.842) 0.014
SEER stage 0.751 (0.741-0.761 0.010 0.745 (0.729-0.760) 0.016
TNM stage 0.749 (0.739-0.759 0.010 0.747 (0.731-0.762) 0.016

CSS Nomogram 0.855 (0.847-0.864: 0.009 0.861 (0.848-0.873) 0.013
SEER stage 0.775 (0.765-0.784; 0.011 0.772 (0.756-0.787) 0.017
TNM stage 773 (0.763-0.783 0.011 0.776 (0.761-0.791) 0.018

C-index, concordance index; ROC, receiver operating characteristic; SEER, surveillance, epidemiology and end results; TNM, tumor-node-metas-
tasis; EOCC, early-onset cervical cancer; Cl, confidence intervals; OS, overall survival; CSS, cancer-specific survival.

grade, FIGO, regional lymph node, surgery, radiotherapy, and
chemotherapy.

In this present study, clinical variables including race,
histological type, grade, AJCC stage, T stage, SEER stage,
tumor size (cm), chemotherapy, and radiotherapy were
independent risk factors affecting the prognosis of EOCC
patients. Other studies reported that age and race are
risk factors for the prognosis of various cancers [12,13,14].
Genetic differences among different races are also a signif-
icant risk factor for tumor prognosis that has been widely
recognized [14,15].

The grade, tumor size, and histological type of the tumor
also significantly influence patient prognosis [16,17]. In this
study, these results were supported by a statistical analysis.
At present, TNM stage is the most common tumor staging
system in the world. It is determined by laboratory and post-
operative pathological examination. However, TNM stage has
limitations and does not provide an individualized prognosis
prediction for a patient. In addition to TNM stage, the progno-
sis of patients is closely related to a variety of clinical variables.
Accurate prediction depends on the consideration of all inde-
pendent risk factors. We thus have successfully established an
effective nomogram based on the following factors: race, his-
AJCC stage, T stage, SEER stage, tumor

size (cm), chemotherapy, and radiotherapy. It proved to be a

tological type, grade,

better predictive algorithm compared with TNM stage and
SEER stage. The establishment of this nomogram will be use-
ful for designing individualized treatments for EOCC patients.

Our study had some limitations. First, the SEER database
did not contain detailed information regarding chemother-
apy, such as the use of targeted drugs, which are important in
the prognosis of CC. Because of lacking information on living

environment, lifestyle, adjuvant therapy, and commodities,
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it was not possible to consider all prognostic factors com-
prehensively, which was also an intrinsic limitation of SEER
research. Secondly, we did not conduct an external validation

to further assess this nomogram.
CONCLUSION

Our study is the first to construct a precise nomogram
for predicting the 3-, 5-, and 10-year OS and CSS for EOCC
patients, which exhibited a better predictive performance com-
pared with TNM and SEER stages. This model may assist clini-
cians in designing personalized treatments for EOCC patients.
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