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Abstract. - OBJECTIVE: We used a regres-
sion analysis of the SEER database to estab-
lish a new Nomogram for predicting progno-
sis of cervical cancer patients and guiding the
treatment.

MATERIALS AND METHODS: We divided the
data into the training cohort and the verification
cohort. Univariate and multivariate Cox risk re-
gression analysis was used to identify indepen-
dent prognostic factors and establish a Nomo-
gram model. The verification cohort was used
for external verification, and the accuracy was
evaluated with C-index and AUC. Finally, Nomo-
gram was used to establish 1-year, 3-year and
5-year survival curves of cervical cancer pa-
tients.

RESULTS: In this study, 5691 patients with cer-
vical squamous cell carcinoma were included.
Data obtained from the training cohort were in-
dependent risk factors of cervical cancer AJCC
stage (p = 0.039), RX Summ - Surgery Prima-
ry Site (p = 0.012), radiation (p = 0.031), chemo-
therapy (p = 0.013), tumor size (p = 0.009), race
(p =0.039). The 1-year, 3-year, and 5-year overall
survival rates for cervical cancer patients were
77.2%, 47.8%, and 35.2%, respectively.

CONCLUSIONS: The Nomogram model can
better screen out more reasonable comprehen-
sive treatments for patients at different stages.
And it is of great help to improve the survival
rate and reduce the recurrence rate of cervical
cancer patients.
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Introduction

Uterine Cervical Cancer (UCC) is one of the
most common gynecologic malignant tumors
in the United States. In 2019 alone, there were
61,880 new cases of cervical cancer and 12,160
deaths'. UCC has been on the rise in the United
States since 1975 because of increased rates
of human papillomavirus and the use of oral
contraceptives'?. Cervical cancer is the fourth
leading cause of cancer death in women, with
its morbidity and mortality second only to breast
cancer®. After decades of research, there have
been relatively effective treatments for each
stage. Stage I-IIA cervical cancer is usually
curable with surgery and can also be treated
with adjuvant chemoradiotherapy. Chemoradio-
therapy is also the main treatment of IB-IVA.
The 5-year survival of stage IVB patients is
poor, with about 50% of patients dying within
1 year®®. So, patients with stage VB, persistent
or recurrent disease usually undergo system-
ic chemotherapy after completion of primary
treatment”. Although there are clear clinical
guidelines for the treatment of cervical cancer,
the morbidity and mortality are still high. This
suggests that the prediction of cervical cancer is
more important.

Nomogram is a simple, multivariate visu-
alization tool for tumor prediction and quan-
tification of individual patient survival'®'?. In
contrast to the current AJCC staging system,
Nomogram focuses on personalized outcomes.
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On the other hand, it has significant value for
risk classification, personalized clinical man-
agement, and even clinical trial design. There-
fore, the purpose of this study was to integrate
multiple independent risk factors, establishing
a prognostic Nomogram. Then, we aimed at
predicting the survival rate for patients with
cervical cancer at all stages, and analyze the
appropriate stages for different treatment meth-
ods. These may be helpful for clinical treat-
ment and prevention.

Patients and Methods

Data Sources

Data for this study were obtained from the
Surveillance, Epidemiology, and End Results
(SEER) database. The SEER database, a popu-
lation-based registry established in 1973 by the
National Cancer Institute (NCI). The database
covers about 70% of newly diagnosed cancer
cases in more than 1,500 U.S. hospitals and about
28% of the U.S. population. The database records
the morbidity, treatment, pathology and prognosis
of millions of patients, with a large sample size
and high data accuracy.

Study Population

Data in this study were obtained from the
SEER*Stat software of the National Cancer Insti-
tute of the United States. The clinicopathological
and follow-up data of 95,218 cervical cancer pa-
tients from 1975 to 2016 were obtained. Inclusion
criteria for this study included cervical squamous
cell carcinoma as the first tumor; actively cooper-
ate and finish on schedule; complete clinicopatho-
logical data are available. After excluding invalid
data inconsistent with the purpose of this study,
the pathology of 5,691 patients with cervical
squamous cell carcinoma from 2010 to 2015 was
included in this study. For the nomogram con-
struction and verification, we randomly assigned
2,279 patients to the training cohort and 3,412 to
the verification cohort (Figure 1).

Our data collected the basic characteristics
of these patients including: age, tumor grade,
AJCC stage, AJCC stage T, AJCC stage N, AJCC
stage M, CS tumor size, CS extension, SEER
cause-specific death classification, SEER other
cause of death classification, survival months,
total number of in situ/malignant tumors for
patient, race, age at diagnosis, marital status at
diagnosis.

At the same time, each case treatment data
included RX Summ - Surgery Primary Site,
Radiation sequence with surgery, Radiation and
Chemotherapy.

Statistical Analysis

We used the createDataPartition function in
the Caret package in version 3.5.3 of R software
to conduct simple random sampling of the overall
data and randomly divided the patients into a
training cohort of 2,279 and a verification cohort
of 3,412.

We analyzed the training cohort in univariate
Cox proportional risk regression model and ob-
tained statistically significant variables for anal-
ysis in multivariate Cox regression model. Based
on the determined independent risk factors, the
prediction model was established, and Nomo-
grams were constructed. After that, the distinc-
tion and calibration of Nomograms were calcu-
lated by using C-index and calibration curve,
respectively. The accuracy of Nomograms was
evaluated by C-index and AUC. We also use ver-

Patients diagnosed with cervical
cancer between 1975 and 2016,
n=95,218

Patient data included

in this study
training cohort,
n=2279

n=5,691
Univariate and multivariate Cox regression
analyses determined independent risk
factors associated with prognosis

=

Establish
Nomogram

Validation cohort external validation Nomogram.

The prognostic survival
curve of cervical cancer
patients was established

C - index, calibration curve, the
ROC curve and AUC evaluate
prognostic Nomogram

Figure 1. The research progress of this study. This is the
operating procedure of this study. Extract the required data
from the original data according to the research criteria. In-
dependent risk factors were analyzed from the training co-
hort and nomograms were established. Finally, the survival
curve of cervical cancer patients was established according
to the model.
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ification cohort for external verification. Finally,
we used the Kaplan-Meier method to predict the
overall data and calculate the overall survival rate
for cervical cancer. The 1-year, 3-year and 5-year
survival curves of cervical cancer and l-year,
3-year and S5-year survival curves of each inde-
pendent risk factor were plotted (Figure 1).

The calibration curve verifies the deviation
between the predicted value and the actual value.
The calibration curve in this study is basically
consistent with the diagonal of 45°, which can be
used as a prediction of survival and prognosis.

AUC can be used as the evaluation criterion
of the ROC curve. The value range is generally
between 0.5 and 1, where AUC less than or equal
to 0.5 has no predictive power. 0.50 < AUC < 0.7
has low accuracy prediction ability, 0.71 < AUC
< 0.9 has medium accuracy prediction ability, and
AUC > 0.9 has high accuracy prediction ability".

Results

Population Characteristics and
Clinicopathological Characteristics

The study included 5,691 cases of cervical
squamous cell carcinoma from the SEER data-
base from 2010 to 2015. During the recording
period, 1,280 patients (22.4%) died of cervical
cancer and 206 (3.6%) died of causes other than
cervical cancer. Among the women, who were
mostly white (74.2%), 3,314 (58.2%) had chemo-
therapy, 3,271 (57.5%) had surgery for various
primary lesions, 3,761 (66.0%) had radiation, and
1,134 (19.9%) had three treatments. The popu-
lation characteristics and clinical characteristics
of patients included in this study are shown in
Table 1.

Determination of Independent Risk
Factors Affecting Prognosis of Patients
We used Cox regression model to conduct
univariate analysis on all variables in the training
cohort, and the results were as follows: Age (p <
0.001), Grade (p <0.001), AJCC stage (p <0.001),
AJCC stage T (p < 0.001), AJCC stage N (p <
0.001), AJCC stage M (p < 0.001), RX Summ-
-Surgery Primary Site (p < 0.001), Radiation
sequence with surgery (p < 0.001), Radiation (p <
0.001), Chemotherapy (p < 0.001), Tumor size(p
< 0.001), Extension (p < 0.001), SEER cause-spe-
cific death classification (p < 0.001), SEER other
cause of death classification (p < 0.001), Race (p
= 0.019), Age at diagnosis (p < 0.001), Marital
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status at diagnosis (p = 0.026) were statistically
significant and correlated with overall survival
rate, so they were screened to conduct multivar-
iate Cox regression analysis. Multivariate Cox
regression analysis showed that the risk AJCC
stage (p = 0.039), RX Summ--Surgery Primary
Site (p = 0.012), Radiation (p = 0.031), Chemo-
therapy (p = 0.013), tumor size (p = 0.009), Race
(p = 0.039) are independent risk factor for overall
survival (Table II).

Nomogram Production and Inspection

We identified independent risk factors in the
training cohort (AJCC stage, RX Summ--Sur-
gery Primary Site, Radiation, Chemotherapy,
size, Race). In Nomogram, each variable got the
corresponding score of each item according to
the small points in the first row corresponding to
the tumor situation. And then we added the score
to the overall points, corresponding to the down-
ward, and the overall survival rate of 1, 3 and 5
years could be obtained (Figure 2).

The c-index was 0.942 (95%CI, 0.936-0.948)
in the training cohort and 0.940 (95%CI, 0.934-
0.946) in the verification cohort. In the 1-year,
3-year and S-year calibration diagrams of the
training cohort and the verification cohort, the
fitting blue line basically matches the diagonal. It
indicates a good consistency between the predict-
ed values of the model and the actual observed
values. The I-year, 3-year and S5-year AUC in
the training cohort was 0.842, 0.829 and 0.812,
respectively, and in the verification cohort was
0.850, 0.812 and 0.802, respectively. The AUC
of both the training cohort and the verification
cohort was 0.71 < AUC < 0.9, indicating that
Nomograms had good predictive power (Figure
3 and Figure 4).

Prognosis and Survival Analysis of
Cervical Cancer Patients

Prognosis Nomogram has good recognition.
Based on the variables obtained in the train-
ing cohort, we found that the l-year, 3-year,
and S-year high-risk survival rates were 77.2%,
47.8%, and 35.2%, respectively (Figure 5). In
the AJCC stage, prognostic analysis showed that
the higher the stage, the lower survival rates of
1-year, 3-year, and 5-year. In the primary surgery
group, the group without primary surgery or with
only pelvic exenteration had significantly lower
survival rates in each year than the other groups.
Patients who received chemotherapy and radia-
tion had a higher short-term survival rate than
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Table I. Population characteristics and clinicopathological characteristics of cervical cancer patients in the study.

After cleaning Verification
(total cohort) Training cohort cohort
Variable (n =5,691) (n=2,279) (n =3,412)
Age
20-34 912 (16.0%) 354 (15.5%) 558 (16.3%)
35-44 1413 (24.8%) 570 (25.0%) 843 (24.7%)
45-54 1430 (25.1%) 596 (26.1%) 834 (24.4%)
55-64 1047 (18.3%) 419 (18.3%) 628 (18.4%)
65-74 566 (9.9%) 216 (9.4%) 350 (10.2%)
>=75 323 (5.6%) 124 (5.4%) 199 (5.8%)
Grade
Grade I 476 (8.3%) 179 (7.8%) 297 (8.7%)
Grade II 2708 (47.5%) 1090 (47.8%) 1618 (47.4%)
Grade 111 2429 (42.6%) 969 (42.5%) 1460 (42.7%)
Grade IV 78 (1.3%) 41 (1.7%) 37 (1.0%)
AJCC stage
Stage 2512 (44.1%) 1027 (45.0%) 1485 (43.5%)
Stage II 849 (14.9%) 332 (14.5%) 517 (15.1%)
Stage 111 1636 (28.7%) 660 (28.9%) 976 (28.6%)
Stage IV 694 (12.1%) 260 (11.4%) 434 (12.7%)
AJCC stage T
Tl 3071 (53.9%) 1251 (54.8%) 1820 (53.3%)
T2 1468 (25.7%) 589 (25.8%) 879 (25.7%)
T3 951 (16.7%) 376 (16.4%) 575 (16.8%)
T4 201 (3.5%) 63 (2.7%) 138 (4.0%)
AJCC stage N
NO 3979 (69.9%) 1596 (70.0%) 2383 (69.8%)
NI 1712 (30.0%) 683 (29.9%) 1029 (30.1%)
AJCC stage M
MO 5127 (90.0%) 2054 (90.1%) 3073 (90.0%)
Ml 564 (9.9%) 225 (9.8%) 339 (9.9%)
RX Summ--Surgery Primary Site
0 2420 (42.5%) 941 (41.2%) 1479 (43.3%)
10-19 25 (0.4%) 10 (0.4%) 15 (0.4%)
20-29 560 (9.8%) 213 (9.3%) 347 (10.1%)
30-39 281 (4.9%) 109 (4.7%) 172 (5.0%)
40-49 839 (14.7%) 343 (15.0%) 496 (14.5%)
50-59 1328 (23.3%) 575 (25.2%) 753 (22.0%)
60-62 222 (3.9%) 81 (3.5%) 141 (4.1%)
70-73 16 (0.2%) 7 (0.3%) 9 (0.2%)
Radiation sequence with surgery
No radiation and/or cancer-directed surgery 3985 (70.0%) 1554 (68.1%) 2431 (71.2%)
Radiation and/or cancer-directed surgery 1706 (29.9%) 725 (31.8%) 981 (28.7%)
Radiation
Radiation 3761 (66.0%) 1515 (66.4%) 2246 (65.8%)
No Radiation 1930 (33.9%) 764 (33.5%) 1166 (34.1%)
Chemotherapy
Yes 3314 (58.2%) 1333 (58.4%) 1981 (58.0%)
No/Unknown 2377 (41.7%) 946 (41.5%) 1431 (41.9%)
Size
<=20 mm 1642 (28.8%) 668 (29.3%) 974 (28.5%)
>20, <=40 1323 (23.2%) 536 (23.5%) 787 (23.0%)
>40, <=60 1427 (25.0%) 578 (25.3%) 849 (24.8%)
>60, <=100 1194 (20.9%) 459 (20.1%) 735 (21.5%)
>100 105 (1.8%) 38 (1.6%) 67 (1.9%)
Extension
<=200 1570 (27.5%) 644 (28.2%) 926 (27.1%)
>200, <=400 1762 (30.9%) 714 (31.3%) 1048 (30.7%)
>400, <=600 1211 (21.2%) 482 (21.1%) 729 (21.3%)
>600, <=999 1148 (20.1%) 439 (19.2%) 709 (20.7%)
Continued
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Table | (Continued). Population characteristics and clinicopathological characteristics of cervical cancer patients in the study.

After cleaning

Verification

Dead (attributable to this cancer dx)
SEER other cause of death classification
Alive or dead due to cancer
Dead (attributable to causes other than this
cancer dx)
Sequence number
One primary only
1*t of 2 or more primaries
Total number of in situ/malignant tumors for patient
1
2
3
4
Race
Black
White
Asian or Pacific Islander
American Indian/Alaska Native
Age at diagnosis
20-34
35-44
45-54
55-64
65-74
> =75
Marital status at diagnosis
Single
Married or partner
Separated divorced or widowed

1280 (22.4%)

5485 (96.3%)
206 (3.6%)

5369 (94.3%)
322 (5.6%)

5412 (95.0%)
261 (4.5%)
16 (0.2%)

2 (< 0.1%)

831 (14.6%)
4227 (74.2%)
569 (9.9%)
64 (1.1%)

912 (16.0%)
1413 (24.8%)
1430 (25.1%)
1047 (18.3%)
566 (9.9%)
323 (5.6%)

1904 (33.4%)
2422 (42.5%)
1365 (23.9%)

505 (22.1%)

2195 (96.3%)
84 (3.6%)

2143 (94.0%)
136 (5.9%)

2161 (94.8%)
111 (4.8%)
5 (0.2%)

2 (<0.1%)

305 (13.3%)

1701 (74.6%)

242 (10.6%)
31 (1.3%)

354 (15.5%)
570 (25.0%)
596 (26.1%)
419 (18.3%)
216 (9.4%)
124 (5.4%)

741 (32.5%)
983 (43.1%)
555 (24.3%)

(total cohort) Training cohort cohort
Variable (n =5,691) (n=2,279) (n = 3,412)
SEER cause-specific death classification
Alive or dead of other cause 4411 (77.5%) 1774 (77.8%) 2637 (77.2%)

775 (22.7%)

3290 (96.4%)
122 (3.5%)

3226 (94.5%)
186 (5.4%)

3251 (95.2%)
150 (4.3%)
11 (0.3%)
0

526 (15.4%)
2526 (74.0%)
327 (9.5%)

33 (0.9%)

558 (16.3%)
843 (24.7%)
834 (24.4%)
628 (18.4%)
350 (10.2%)
199 (5.8%)

1163 (34.0%)
1439 (42.1%)
810 (23.7%)

those who received it, but the long-term effect
was predicted to be the opposite. After one year of
chemotherapy and radiation, survival rates began
to decline sharply, 3-year survival rate dropped to
65.0% and 66.8%, respectively. In the tumor size
group, the survival analysis results were similar
to those of previous studies; the larger the tumor
diameter, the lower the survival rate at 1, 3, and 5
years. In this prognostic analysis, 1-year survival
rates were similar for all races. But the 5-year
survival rates for blacks and American Indian/
Alaska Native were significantly lower than those
for whites and Asian or Pacific islanders (Figure
6 and Table III).

Discussion
Cervical squamous cell carcinoma is one of the

most common subtypes of cervical cancer. In this
study, the SEER database of patients with clinical
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data was analyzed, and it prompts AJCC stage,
RX Summ - Surgery Primary Site, Radiation,
and Chemotherapy, tumor size, Race are inde-
pendent risk factors for cervical cancer prognosis.
Nomogram was created based on these risk fac-
tors to predict 1-year, 3-year and 5-year survival
rates for cervical cancer patients.

AJCC stage and tumor size have long been
considered independent prognostic factors for
cervical cancer survival. Patients also respond
differently to surgery, radiation and chemothera-
py, depending on AJCC stage and tumor size'*'s.
The choice of different treatment methods for
different conditions will have a great impact on
the prognosis of cervical cancer patients. Our
study is similar to previous studies, that is, the
higher the AJCC stage or the larger the tumor
size, the worse the prognosis. In the prognostic
Nomogram established in this study, both AJCC
stage and tumor size have a significant impact on
the prediction of survival in patients with cervi-



Table II. Univariate and multivariate Cox proportional risk regression models and statistically significant independent risk factors for cervical cancer in the Training cohort.

Univariate analysis Multivariate analysis
Variable HR 95% CI P C-Index se HR 95% CI P

Age 0.576 0.012

20-34 1 Reference 1 Reference

35-44 1.048 0.776-1.414 0.762 0.851 0.619-1.171 0.323

45-54 1.453 1.094-1.930 0.010 0.834 0.613-1.133 0.245

55-64 1.468 1.736  1.087-1.983 0.012 0.763 0.552-1.054 0.101

65-74 3.615 1.242-2.426 0.001 0.716 0.490-1.045 0.083

>=75 2.573-5.080 <0.001 0.953 0.635-1.430 0.816
Grade 1 0.567 0.011

Grade | 2794 3.877  Reference 1 Reference

Grade IT 3.032 1.686-4.630 <0.001 0.872 0.510-1.492 0.618

Grade III 2.346-6.410 <0.001 0.889 0.522-1.515 0.665

Grade IV 1 1.407-6.533 0.005 0.502 0.218-1.155 0.105
AJCC stage 3.084 0.755 0.010

Stage [ 4.460 Reference 1 Reference

Stage 11 16.544 2.299-4.135 <0.001 1.677 1.027-2.738 0.039

Stage 1T 3.503-5.677 <0.001 1.349 0.856-2.124 0.197

Stage IV 1 12.873-21.263 < 0.001 1.709 0.808-3.614 0.161
AJCC stage T 3.371 7.148 0.732 0.010

T1 14.556 Reference 1 Reference

T2 2.715-4.185 <0.001 0.922 0.572-1.488 0.741

T3 1 5.766-8.861 <0.001 1.119 0.696- 0.642

T4 2.563 10.435-20.305 < 0.001 1.357 1.800 0.334
AJCC stage N 0.615 0.011 0.731-2.520

NO 1 Reference 1

N1 6.765 2.180-3.015 <0.001 1.147 Reference 0.276
AJCC stage M 0.629 0.010 0.896-1.469

MO 1 Reference 1

M1 0.172 0.336  5.629-8.130 <0.001 1.389 Reference 0.289
RX Summ--Surgery Primary Site 0.069 0.205 0.712 0.009 0.757-2.548

0 0.186 0.248  Reference 1

10-19 2.283 0.024-1.224 0.079 3452 Reference 0.243

20-29 0.242-0.466 <0.001 1.054 0.432-27.612 0.805

30-39 1 0.029-0.167 <0.001 1.351 0.692-1.607 0.534

40-49 0.653 0.148-0.284 <0.001 0.753 0.524-3.486 0.201

50-59 0.143-0.241 <0.001 0.689 0.487-1.164 0.050

60-62 1 0.140-0.440 <0.001 1.101 0.474-1.000 0.771

70-73 0.369 1.019-5.113 0.045 0.313 0.576-2.103 0.012

Continued
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Table Il /Continured). Univariate and multivariate Cox proportional risk regression models and statistically significant independent risk factors for cervical cancer in the Training cohort.
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Univariate analysis Multivariate analysis
Variable HR 95% CI P C-Index se HR 95% CI P

Radiation sequence with surgery 0.555 0.009

No radiation and/or cancer-directed surgery | 1 Reference 1 Reference

Radiation and/or cancer-directed surgery 0.363 0.542-0.786 <0.001 0.907 0.676-1.216 0.513
Radiation 0.587 0.009

Radiation 1 Reference 1 Reference

No Radiation 5.245 0.298-0.458 <0.001 1.427 1.032-1.972 0.031
Chemotherapy 10.449 0.604 0.010

Yes 17.747 Reference 1 Reference

No/Unknown 31.543 0.300-0.440  <0.001 1.392 1.072-1.808 0.013
Size 0.742 0.009

<=20 mm 1 Reference 1 Reference

>20, <=40 3.206-5.944  3.442-7.994 <0.001 1.285 0.764-2.162 0.345

>4(), <=60 14.209 6.987-15.627 < 0.001 1.722 1.010-2.936 0.046

>60, <=100 11.910-26.444 < 0.001 2.053 1.197-3.523 0.009

>100 1 18.183-54.717 < 0.001 2.203 1.106-4.389 0.025
Extension 51.427 0.739 0.010

<=200 Reference 1 Reference

>200, <=400 1 2.263-4.541 <0.001 1.094 0.730-1.639 0.663

>400, <=600 5.542 4.214-8.386 <0.001 0.936 0.532-1.646 0.817

>600, <=999 10.206-19.783 < 0.001 NA NA NA
SEER cause-specific death classification 1 0.864 0.007

Alive or dead of other cause 0.856 Reference 1 Reference

Dead (attributable to this cancer dx) 40.430-65.410 < 0.001 2.816e+09 0.000-Inf 0.978
SEER other cause of death classification 1 0.547 0.006

Alive or dead due to cancer 0.994 Reference 1 Reference

Dead (attributable to causes other than 0.527 4.396-6.987 <0.001 2.198¢+09 0.000-Inf 0.978

this cancer dx)

Sequence number 2.251e-06 0.513 0.004

One primary only Reference

1 of 2 or more primaries 1 0.611-1.200 0.368
Total number of in situ/malignant tumors 0.769 0.790 0.509 0.004

for patient

1 0.797 Reference

2 0.703-1.406 0.974

3 1 0.074-3.750 0.523

4 1.048 1.453 0.000-Inf 0.988

Continued



Table Il {Continured). Univariate and multivariate Cox proportional risk regression models and statistically significant independent risk factors for cervical cancer in the Training cohort.

Univariate analysis

Multivariate analysis

Variable HR 95% CI P C-Index se HR 95% ClI P

Race 1.468 1.736 0.524 0.010

Black 3.615 Reference 1 Reference

White 0.618-0.958 0.019 0.781 0.618-0.987 0.039

Asian or Pacific Islander 1 0.573-1.091 0.153 0.983 0.692-1.397 0.925

American Indian/Alaska Native 0.805 0.388-1.637 0.536 0/483 0.227-1.026 0.058
Age at diagnosis 1.130 0.576 0.012

20-34 Reference 1 Reference

35-44 0.776-1.414 0.762 NA NA NA

45-54 1.094-1.930 0.010 NA NA NA

55-64 1.087-1.983 0.012 NA NA NA

65-74 1.242-2.426 0.001 NA NA NA

>=75 2.573-5.080 <0.001 NA NA NA
Marital status at diagnosis 0.550 0.012

Single Reference 1 Reference

Married or partner 0.665-0.975 0.026 0.830 0.671-1.026 0.086

Separated divorced or widowed 0.920-1.389 0.245 1.170 0.915-1.496 0.212

inf=Infinite.
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Figure 2. Nomogram, based on independent risk factor
associations, predicts survival in patients with cervical can-
cer. In Nomogram, draw a vertical line between a variable
and a small scale, and add up the scores for each variable.
The vertical lines of the total score scale and the total sur-
vival scale were drawn based on the total score, and then
the survival rate of each year was obtained. (Stage: AJCC
stage; rx_site: RX Summ - Surgery Primary Site; Chemo:
Chemotherapy; Race. WBAA: Race).

cal cancer. In this study we used Cox regression
analysis to find that race was also a risk factor.
Survival rates for blacks and native American In-
dian/Alaskan natives were lower in this study. We
found that most of the cases included in the study

were white, but some clinical studies have shown
that blacks are a risk factor for all patients with
distant metastases'™*. Because there is a large de-
viation in the proportion of human species includ-
ed, it can affect the relationship between different
races of cervical cancer. Therefore, the influence
of race in predicting the prognosis of cervical
cancer patients needs to be further studied.
Surgery is one of the most effective treatments
for cervical cancer, and this study included only
primary surgery. In this study, the 1-year, 3-year,
and S-year survival rates of patients who did not
undergo primary surgery were lower than those
of all patients who underwent surgery (except pel-
vic exenteration). Previous studies have shown a
good prognosis with hysterectomy for stage [A2-
IBI lesions with a diameter of less than 2 cm?'.
For reproductive age patients with early cancer,
the option is to use a cervical resection with the
same survival rate as hysterectomy. This allows
young women to receive reasonable treatment
while preserving fertility”>. However, it is not
recommended to select patients with stage 1B1,
since the tumor diameter of this stage is greater
than 2 c¢cm and the risk is increased, so reason-
able treatment and conservation functions cannot
be guaranteed at the same time?-°. Therefore,
women with stage 1B with large tumors need to
choose carefully. The surgical route also needs to
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Figure 3. A-F, Calibration graph of 1-year (A, D), 3-year (B, E) and 5-year (C, F) of the training cohort and the verification
cohort. A-C, Are the calibration graphs of the training cohort. D-F, are the calibration graphs of the verification cohort.
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Figure 4. A-F, ROC curves of 1-year (A, D), 3-year (B, E) and 5-year (C, F) of the training cohort and the verification cohort.
(A-C) ROC curve of l-year, 3-year and 5-year prognosis in the training cohort. (D-F) ROC curve of 1-year, 3-year and 5-year
prognosis in the training cohort. ROC: receiver operating characteristic curve; AUC: areas under the ROC curve.

be taken seriously. Currently, there are minimally
invasive surgery and open surgery. Minimally
invasive surgery for patients with early cervical
cancer can not only achieve the survival rate
of open surgery®, but also the safety of short-
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Figure 5. The survival curve of cervical cancer patients is
obtained according to the risk score system. The result can
be obtained from the survival curve of the risk score that the
1, 3 and 5-year overall survival rates are 77.2%, 47.8% and
35.2%, respectively.

term surgery, with fewer complications, less pain,
faster recovery and significantly shorter hospital
stay?"?*. However, the data used in this study did
not contain the information of the surgical route,
so this study did not involve the surgical route.
However, the optimal route for the hysterectomy
of diseased women still needs further in-depth
discussion. But we know that there is a very high
survival rate in young women who has surgery
at an early stage. So, this segment of the popula-
tion can tend to score for this factor and increase
accuracy.

Radiotherapy is one of the most common
treatments for cervical cancer. It is usually used
alone in tumors or in combination with surgery
and/or chemotherapy®*°. In this study, Nomo-
gram found an effect of radiation on the progno-
sis of patients with cervical cancer. However, in
the survival curve, the short-term survival rate
of patients receiving radiotherapy is significant-
ly higher than that of non-recipients. Especially
for early patients, radiotherapy has the same sur-
vival rate as surgery, and its incidence of severe
disease is lower™. But long-term survival rates
tend to be the opposite. This is probably because
radiation is also a trigger for tumorigenesis, and
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Figure 6. Survival curves in cervical cancer patients stratified by 6 independent risk factors. (A) Overall survival curve of
AJCC stage. (B) Overall survival curve of RX Summ--Surgery Primary Site. (C) Overall survival curve of Radiation. (D)
Overall survival curve of Chemotherapy. (E) Overall survival curve of size. (F) Overall survival curve of Race.

long-term effects increase the risk of second-
ary tumorigenesis. However, other studies have
shown that radiotherapy is more beneficial for
stage III/IV patients, by improving the immune
response of patients through radiotherapy and
thereby improving the effect of radiotherapy'.
But it also depends on the patient’s immune
system, and the late-stage tumors are also large
in diameter, which increases the dose of ra-
diation from radiation therapy, which is more
harmful to other normal cells. Patients with
advanced stage have basically metastasized. In
addition, some studies suggest that radiotherapy
combined with surgery for advanced cervical
cancer may be harmful to patients with cervi-
cal cancer’’. So comprehensive means such as
palliative treatment or systemic chemotherapy
are preferred’. In this study, radiotherapy had
a lower impact on survival among the six risk
factors because our data included all stages. The
survival time of early patients after radiotherapy
increases, and they are more likely to show the
risk of secondary tumor. However, the survival
time of late patients themselves does not show
the risk of secondary tumor, so this reduces
the accuracy of prediction. This is probably a
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survivor bias. Therefore, radiotherapy should
be combined with other methods to reduce the
interference to the prognosis of patients.

Chemotherapy is also one of the three most
commonly used treatments for cervical cancer.
Nomogram in this study showed that the effect of
chemotherapy on the prognosis of patients with
cervical cancer was relatively low. Our study
indicated that the prediction was slightly off.
This might be because chemotherapy was mainly
applied to the treatment of patients with advanced
cervical cancer, while the data used in our study
included all stages of cervical cancer. Research
has shown the role of chemotherapy in metastatic
cervical cancer in the prognostic value of OS".
Metastatic cervical cancer is the end of cervical
cancer. At this stage, not suitable for surgical
treatment, chemoradiotherapy is the best choice.
Moreover, chemotherapy is still valuable for drug
resistant recurrent metastatic cervical cancer’.
To date, clinical studies have shown that mul-
tidrug chemotherapy is justified, and has rapid
response and tolerable adverse event in patients
with advanced cervical cancer®®. Therefore, che-
motherapy is a major influence on the prognosis
of advanced patients.
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Table IlI. Survival analysis of AJCC stage, RX Summ--Surgery Primary Site, Radiation, Chemotherapy, Size and Race, 1-year,

3-year, and 5-year survival rates.

Median 1-year 3-year 5-year
Variable survival time survival rate survival rate survival rate
Risk-level 32.8 0.772 0.478 0.352
AJCC stage
I NA 0.979 0.926 0.880
11 NA 0.927 0.746 0.658
111 NA 0.865 0.636 0.537
v 14.3 0.555 0.282 0.215
RX Summ--Surgery Primary Site 0
10-19 45.0 0.788 0.540 0.453
20-29 NA 0.952 NA NA
30-39 NA 0.938 0.832 0.759
40-49 NA 0.978 0.935 0.887
50-59 NA 0.956 0.895 0.845
60-62 NA 0.969 0.890 0.819
70-73 NA 0.943 0.832 0.738
Radiation 21.7 0.682 NA 0.227
Radiation
No Radiation NA 0.869 0.668 0.591
Chemotherapy NA 0.919 0.872 0.822
Yes
No/unknown NA 0.865 0.650 0.566
Size NA 0.915 0.856 0.809
<=20 mm
>20,<=40 NA 0.987 0.958 0.932
>40,<=60 NA 0.944 0.800 0.709
> 60, <=100 NA 0.857 0.657 0.561
> 100 34.6 0.751 0.492 0.425
Race 12.9 0.518 0.284 NA
Black
White NA 0.849 0.663 0.581
Asian or Pacific Islander NA 0.893 0.748 0.681
American Indian/Alaska Native NA 0.894 0.759 0.691
60.6 0.836 0.666 0.492

AJCC staging is a common staging system for
cancer’**. We compared Nomogram’s c-index
with AJCC staging and found that both the train-
ing group and the validation group had higher
c-index than AJCC staging. In addition, as can
be seen from the calibration curve and the ROC
curve, Nomogram has good predictability and
reliability both internally and externally. This
shows that our Nomogram can achieve lower bias
and better accuracy in practical work. Therefore,
the Nomogram we established can obtain more
accurate predictive values based on the use of
AJCC staging, which can help the clinical design
of more consistent treatment methods.

This study has also some shortcomings. Firstly,
due to the retrospective study, although some ad-
vanced statistical methods are used, some biases
are inevitable; secondly, although we know that
the patient has received chemotherapy, we do not
know the chemotherapy drugs (including dose,

cycle, regimen, etc.). Thirdly, although the risk
score and Nomogram of this study were estab-
lished using the same set of data, the test was also
verified by subgroups of the data set. The database
is based on American patients and cannot be used
in other countries probably. So external validation
still needs to be done in different countries.

Conclusions

Our study suggests that race, AJCC staging, tu-
mor size, primary site surgery, chemotherapy and
radiotherapy are independent prognostic factors
for cervical cancer OS. In addition, we established
Nomogram to predict l-year, 3-year and 5-year
OS survival rates for cervical cancer patients with
good accuracy. It has certain advantages in pre-
dicting preliminaries the prognosis of patients. But
for each stage of patients, because of the different
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treatment methods, the treatment methods need
to have a certain degree of deviation. So, we also
need to look at each stage-specific prediction mod-
el to improve its prediction of survival.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Funding

This work was supported partly by Guangdong Sci-
ence and Technology Department (2016B030309002 and
2019B090905011); the Fund of Southern Marine Science
and Engineering Guangdong Laboratory (Zhanjiang) (ZJW-
2019-007); The Public Service Platform of South Chi-
na Sea for R&D Marine Biomedicine Resources (GD-
MUK?201808); and the Science and Technology Program of
Zhanjiang (2017A06012). The funders had no role in the de-
sign of the study; the collection, analysis, and interpretation
of the data; the writing of the manuscript; and the decision
to submit the manuscript for publication.

Ethical Approval
The work was approved by Guangdong Medical University
Ethics Committee, and in accordance with the Declaration
of Helsinki of the World Medical Association. Informed
consent forms are not required for patient data extracted
from SEER database.

Data Availability Statement

All data generated or analyzed during this study are includ-
ed in this published article files. Statistical codes are avail-
able from the corresponding authors with reasonable request.

Authors’ Contribution

BL performed the statistical analyses. XZ checked the statis-
tical accuracy as an expert in statistics. BL performed the lit-
erature search and wrote the first draft of the manuscript. SZ,
JL and YH revised and edited the final version of the man-
uscript. All authors read and approved the final manuscript.

Funding

The Guangdong University Youth Innovation Talent Proj-
ect (2020KQNCX023); The Scientific Research Fund of
Guangdong Medical University (GDMUM?201819 and GD-
MUM202002); and Non-funded science and technology
project of Zhanjiang City (2020B01007).

References
1) Siegel RL, Miller KD, Jemal A. Cancer statistics,

2019. CA Cancer J Clin 2019; 69: 7-34.

2) Huang XB, Zhang WW, Wu SG, Sun JY, He ZY,
Zhou J. Survival benefits with the addition of ad-

708

10)

11)

12)

13)

juvant hysterectomy to radiochemotherapy for
treatment of stage I-Il adenocarcinoma of the
uterine cervix. J Surg Oncol 2018; 118: 574-580.

Winer |, Alvarado-Cabrero |, Hassan O, Ahmed
QF, Alosh B, Bandyopadhyay S, Thomas S, Al-
bayrak S, Talukdar S, Al-Wahab Z, Elshaikh MA,
Munkarah A, Morris R, Ali-Fehmi R. The prognos-
tic significance of histologic type in early stage
cervical cancer - A multi-institutional study. Gy-
necol Oncol 2015; 137: 474-478.

Bray F, Ferlay J, Soerjomataram |, Siegel RL,
Torre LA, Jemal A. Global cancer statistics 2018:
GLOBOCAN estimates of incidence and mortali-
ty worldwide for 36 cancers in 185 countries. CA
Cancer J Clin 2018; 68: 394-424.

Nishio S, Matsuo K, Yonemoto K, Shimokawa M,
Hosaka M, Kodama M, Miyake TM, Ushijima K,
Kamura T, Westin SN, Soliman PT, Coleman RL.
Race and nodal disease status are prognostic
factors in patients with stage IVB cervical cancer.
Oncotarget 2018; 9: 32321-32330.

Ittiamornlert P, Ruengkhachorn I. Neutrophil-lym-
phocyte ratio as a predictor of oncologic out-
comes in stage IVB, persistent, or recurrent cer-
vical cancer patients treated by chemotherapy.
BMC Cancer 2019; 19: 51.

Bhatla N, Aoki D, Sharma DN, Sankaranarayanan
R. Cancer of the cervix uteri. Int J Gynaecol Ob-
stet 2018; 143: 22-36.

Sengayi-Muchengeti M, Joko-Fru WY, Miran-
da-Filho A, Egue M, Akele-Akpo MT, N'da G,
Mathewos A, Buziba N, Korir A, Manraj S, Loren-
zoni C, Carrilho C, Hansen R, Finesse A, Som-
dyala NIM, Wabinga H, Chingonzoh T, Borok M,
Chokunonga E, Liu B, Singh E, Kantelhardt EJ,
Parkin DM. Cervical cancer survival in sub-Saha-
ran Africa by age, stage at diagnosis and Human
Development Index: a population-based registry
study. Int J Cancer 2020 May 25. doi: 10.1002/
ijc.33120. Epub ahead of print.

Zhu X, Lin MCM, Fan W, Tian L, Wang J, Ng SS,
Wang M, Kung H, Li D. An intronic polymorphism
in GRP78 improves chemotherapeutic prediction
in non-small cell lung cancer. Chest 2012; 141:
1466-1472.

Vidyasagar N, Manur Gururajachar J. Predicting
toxicity for head and neck cancer patients under-
going radiation therapy: an independent and ex-
ternal validation of MDASI-HN based nomogram.
Rep Pract Oncol Radiother 2020; 25: 355-359.

Adhoute X, Larrey E, Pénaranda G, Anty R. AL-
Bl-based BCLC nomogram: a new or an addi-
tional prognostic tool? Liver Int 2020; 40: 1785-
1786.

Bae SJ, Youk JH, Yoon CI, Park S, Cha CH, Lee
HW, Ahn SG, Lee SA, Son EJ, Jeong J. A no-
mogram constructed using intraoperative ex vivo
shear-wave elastography precisely predicts me-
tastasis of sentinel lymph nodes in breast cancer.
Eur Radiol 2020; 30: 789-797.

Li H, He Y, Huang L, Luo H, Zhu X. The nomo-
gram model predicting overall survival and guid-



Clinicopathologic features and outcome of cervical cancer: implications for treatment

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

ing clinical decision in patients with glioblastoma
based on the SEER Database. Front Oncol 2020;
10: 1051.

Yang J, Cai H, Xiao ZX, Wang H, Yang P. Effect
of radiotherapy on the survival of cervical cancer
patients: An analysis based on SEER database.
Medicine (Baltimore) 2019; 98: e16421.

Tan S, Li D, Zhu X. Cancer immunotherapy: pros,
cons and beyond. Biomed Pharmacother 2020;
124: 109821.

Li S, Zhang Z, Lai WF, Cui L, Zhu X. How to over-
come the side effects of tumor immunotherapy.
Biomed Pharmacother 2020; 130.

Zhu X, Luo H, Xu Y. Transcriptome analysis re-
veals an important candidate gene involved in
both nodal metastasis and prognosis in lung ade-
nocarcinoma. Cell Biosci 2019; 9: 92.

Zhu X, Chen MS, Tian LW, Li DP, Xu PL, Lin MC,
Xie D, Kung HF. Single nucleotide polymorphism
of rs430397 in the fifth intron of GRP78 gene and
clinical relevance of primary hepatocellular carci-
noma in Han Chinese: risk and prognosis. Int J
Cancer 2009; 125: 1352-1357.

Zhang S, Wang X, Li Z, Wang W, Wang L. Score
for the overall survival probability of patients with
first-diagnosed distantly metastatic cervical can-
cer: a novel nomogram-based risk assessment
system. Front Oncol 2019; 9: 1106.

Zhang Y, Guo Y, Zhou X, Wang X, Wang X. Prog-
nosis for different patterns of distant metastases
in patients with uterine cervical cancer: a popula-
tion-based analysis. J Cancer 2020; 11: 1532-1541.
Nishio H, Fujii T, Kameyama K, Susumu N, Na-
kamura M, lwata T, Aoki D. Abdominal radical
trachelectomy as a fertility-sparing procedure in
women with early-stage cervical cancer in a series
of 61 women. Gynecol Oncol 2009; 115: 51-55.

Machida H, Mandelbaum RS, Mikami M, Enomo-
to T, Sonoda Y, Grubbs BH, Paulson RJ, Roman
LD, Wright JD, Matsuo K. Characteristics and
outcomes of reproductive-aged women with ear-
ly-stage cervical cancer: trachelectomy vs hyster-
ectomy. Am J Obstet Gynecol 2018; 219: 461.

Wethington SL, Sonoda Y, Park KJ, Alektiar
KM, Tew WP, Chi DS, Leitao MM Jr, Jewell EL,
Barakat RR, Abu-Rustum NR. Expanding the in-
dications for radical trachelectomy: a report on
29 patients with stage IB1 tumors measuring 2
to 4 centimeters. Int J Gynecol Cancer 2013; 23:
1092-1098.

Matsuo K, Machida H, Mandelbaum RS, Mikami
M, Enomoto T, Roman LD, Wright JD. Trachelec-
tomy for stage IB1 cervical cancer with tumor size
>2 cm: trends and characteristics in the United
States. J Gynecol Oncol 2018; 29: e85.

Tseng JH, Aloisi A, Sonoda Y, Gardner GJ, Ziva-
novic O, Abu-Rustum NR, Leitao MM Jr. Long-
term oncologic outcomes of uterine-preserving
surgery in young women with stage ib1 cervi-

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

cal cancer. Int J Gynecol Cancer 2018; 28: 1350-
1359.

Walker JL, Piedmonte MR, Spirtos NM, Eisen-
kop SM, Schlaerth JB, Mannel RS, Barakat R,
Pearl ML, Sharma SK. Recurrence and survival
after random assignment to laparoscopy versus
laparotomy for comprehensive surgical staging
of uterine cancer: Gynecologic Oncology Group
LAP2 Study. J Clin Oncol 2012; 30: 695-700.

Fader AN, Java J, Tenney M, Ricci S, Gunderson
CC, Temkin SM, Spirtos N, Kushnir CL, Pearl ML,
Zivanovic O, Tewari KS, O’Malley D, Hartenbach
EM, Hamilton CA, Gould NS, Mannel RS, Rod-
gers W, Walker JL. Impact of histology and sur-
gical approach on survival among women with
early-stage, high-grade uterine cancer: an NRG
Oncology/Gynecologic Oncology Group ancillary
analysis. Gynecol Oncol 2016; 143: 460-465.

Aarts JW, Nieboer TE, Johnson N, Tavender E,
Garry R, Mol BW, Kluivers KB. Surgical approach
to hysterectomy for benign gynaecological dis-
ease. Cochrane Database Syst Rev 2015; 2015:
CD003677.

Zhou J, Wu SG, Sun JY, Tang LY, Lin HX, Li FY,
Chen QH, Jin X, He ZY. Clinicopathological fea-
tures of small cell carcinoma of the uterine cervix
in the surveillance, epidemiology, and end results
database. Oncotarget 2017; 8: 40425-40433.

Landoni F, Maneo A, Colombo A, Placa F, Milani
R, Perego P, Favini G, Ferri L, Mangioni C. Ran-
domised study of radical surgery versus radio-
therapy for stage Ib-lla cervical cancer. Lancet
1997; 350: 535-540.

Shi D, Liang Z, Zhang C, Zhang H, Liu X. The ef-
fect of surgery on the survival status of patients
with locally advanced cervical cancer after ra-
diotherapy/chemoradiotherapy: a meta-analysis.
BMC Cancer 2018; 18: 308.

Li H, Wu X, Cheng X. Advances in diagnosis and
treatment of metastatic cervical cancer. J Gyne-
col Oncol 2016; 27: e43.

Qian S, Ye L, Tian YH, Wang LG, Huang ZP, Li F,
Hou B, Song N, Chen J, Liu Y, Liu X, Zhou T. Cal-
ifornium-252 neutron brachytherapy combined
with external pelvic radiotherapy plus concurrent
chemotherapy for cervical cancer: a retrospective
clinical study. Chin J Cancer 2017; 36: 24.

Manjunath Y, Mitchem JB, Suvilesh KN, Avella
DM, Kimchi ET, Staveley-O’Carroll KF, Deroche
CB, Pantel K, Li G, Kaifi JT. Circulating giant tu-
mor-macrophage fusion cells are independent
prognosticators in patients with NSCLC. J Thorac
Oncol 2020; 15: 1460-1471.

Zeng B, Ge C, Li R, Zhang Z, Fu Q, Li Z, Lin Z,
Liu L, Xue Y, Xu Y, He J, Guo H, Li C, Huang W,
Song X, Huang Y. Knockdown of microsomal glu-
tathione S-transferase 1 inhibits lung adenocar-
cinoma cell proliferation and induces apoptosis.
Biomed Pharmacother 2020; 121: 109562.

709



