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Purpose: To present a nomogram to predict overall survival in patients with FIGO-2018 II
to III squamous cell cervical carcinoma undergoing radical radiotherapy.

Patients and Methods: Patients diagnosed with FIGO-2018 II to III squamous cell cervical
cancer between December 2013 and December 2014 were analyzed retrospectively. The optimal
cutoff point for tumor length and width were determined by R package. We identified prognostic
factors by univariate and multivariate Cox proportional-hazard regression, then built a nomogram
to visualize the prediction model. Our model was compared to the 2018 FIGO staging prediction
model. Harrell’s concordance index, receiver operating characteristic curve, calibration plot were
used to evaluate the discriminability and accuracy of the predictive models, and decision curve
analysis (DCA) was used to show the net benefits.

Results: Data from 469 patients were included in the final analyses. The cutoff values of
tumor length and width were 5.10 cm and 4.13 cm, respectively. Four independent prognostic
variables—tumor length, tumor width, lower one-third vaginal involvement, and lymph node
metastases—were used to establish the nomogram. The C-index of the nomogram was 0.71
(95%, CI = 0.66-0.77), which was better than that of the 2018 FIGO stage prediction model
(C-index: 0.62, 95% CI = 0.58-0.66, p = 0.009). The calibration plot of the nomogram was
a good fit for both 3-year and 5-year overall survival predictions. And DCA curves showed
that net benefits for our model were higher than FIGO-2018 staging system.

Conclusion: A clinically useful nomogram for calculating overall survival probability in
FIGO-2018 1I to III squamous cell cervical cancer patients who had received radical radio-
therapy was developed. Tumor length, tumor width, lower one-third vaginal involvement,
and lymph node metastases were found to be independent prognostic factors. Our model
performed better than the 2018 FIGO staging model. The findings could help clinicians in
China to predict the survival of these patients in clinical care and research.
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Introduction

Cervical carcinoma, killing approximately 300,000 women and affecting nearly
600,000 yearly, particularly middle-aged women and those living in low-resource
settings, is one of the most common malignant tumors of the female genital tract
worldwide.' It is estimated that, with the improvements of the human papilloma

virus vaccination rate, the incidence will decrease in the next few decades.
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However, in today’s China, about 131,500 cases of cervi-
cal carcinoma are newly diagnosed each year, accounting
for approximately one-fourth of the new cases worldwide,
and its incidence is on the rise.> Therefore, cervical carci-
noma currently still is a serious issue, endangering the
health of the Chinese female population.

The International Federation of Gynecology and
Obstetrics’ (FIGO) staging system for cervical carcinoma
is the main staging system used in clinical diagnoses and
treatment. The 2009 FIGO staging system for cervical
carcinoma, which is based on physical examinations,
showed some deficiencies in clinical practice. The most
significant problem was that lymph node status was not
considered in the prognosis. However, many studies
demonstrated that lymph node (LN) metastasis signifi-
cantly affects cervical carcinoma prognosis.” > A new sta-
ging system, the 2018 FIGO staging system, which
incorporates radiographic data, was launched in 2018.°
Multiple studies have shown that the 2018 FIGO staging
system can distinguish the real risk factors influencing
a patient’s prognosis, whereas the 2009 FIGO system
could not.”®

Nowadays, therapeutic strategies for cervical carci-
noma mainly include surgery, radiotherapy, chemotherapy,
targeted therapy, and immunotherapy.” Although the
screening for cervical carcinoma is simple and easily
applied, most cervical carcinoma patients in China are
already at advanced stages when diagnosed, owing to
different economic conditions. Radiotherapy continues to
play a significant role in the treatment for locally advanced
cervical carcinoma.

The 2018 FIGO staging system has been commonly used
for the clinical evaluation of patients with cervical
carcinoma.'®!'! However, it is also used to assess the whole
cervical carcinoma population prior to therapeutic treatment.
Several studies established prognostic models for patients
who had received radiotherapy, using nomograms.'*'*
Annually, the diagnosed new cases of cervical carcinoma in
China account for about 25% of total cases worldwide, with
the most common pathological type being squamous cell
carcinoma; however, there are few prognostic models for
Chinese female population of cervical carcinoma.

A nomogram transforms the complex regression equa-
tion into a simple and visual graph, which makes the
results of the prediction model more readable and of
higher use value. This advantage enables nomograms to
receive more attention and application in medical research
and clinical practice. Some studies have used nomograms

to predict the prognosis of patients with cervical cancer.
However, some studies were based on the FIGO 2009
staging system.'>'® Others were focused on or enrolled
in patients who had received surgery, most of whom were
at early stages of cervical cancer.'""'” In the study con-
ducted by Rose et al, they found that prognosis of Asian
patients was better than other races.'?

Thus, we aimed to establish a nomogram to predict the
overall survival (OS) of FIGO-2018 II to III squamous cell
cervical carcinoma in Chinese patients receiving radio-
therapy in this study. Our purpose was to help clinicians
accurately predict prognoses mainly through imaging data
in clinical care and research for cervical carcinoma
patients in China.

Patients and Methods

Study Population

From December 2013 to December 2014, patients with
squamous cervical carcinoma who had received radical
radiotherapy, were recruited for this study. The 2018
FIGO staging system was used to re-stage all patients.
We included patients (1) with histologically proven squa-
mous cervical carcinoma; (2) who were at an advanced
stage (2018 FIGO stage II to III); and (3) who had
received radical radiotherapy. The exclusion criteria were
(1) other malignant tumors; (2) incomplete clinical or
imaging data; and (3) patients who could not be followed
up. A flow chart showing the eventual study population is
shown in Figure 1.

Ethical Considerations

This study was conducted under the ethical guidelines of the
Declaration of Helsinki and was approved by the Ethics
Committee of Fujian Cancer Hospital (k2021-087-1),
which waved the need for individual informed consent
because the patient medical and follow-up were extracted
retrospectively. Patients’ records and information were
anonymized before analysis. Only members directly
involved in this study had access to the information.

Variable Definition and Stratification

Patient age was defined as the age at the time of cervical
carcinoma diagnosis. Imaging data, blood routine and
serum squamous cell carcinoma (SCC) antigen were per-
formed within 2 weeks, before treatment commenced.
Radiological images were evaluable for all the patients.
Tumor  diameters measured

were according  to
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Figure | Flow chart of the patients’ enrollment and exclusion.

(n=12)

(
L

Abbreviations: RT, radiotherapy; CRT, chemoradiotherapy; FIGO, International Federation of Gynecology and Obstetrics.

corresponding imaging. For patients who underwent mag-
netic resonance imaging (MRI) or positron emission tomo-
graphy/computed tomography (PET/CT) scanning before
any treatment, the length and width of tumors were eval-
uated on axial sections that demonstrated maximum cervi-
cal diameter. As CT does not have sufficient soft tissue
contrast resolution to allow direct tumor visualization, the

cervical size was measured instead of the true tumor size.’

Metastatic lymph nodes were determined if the short dia-
meter was greater than 1.0 cm on the MR or CT. Focal
increased fluorodeoxyglucose uptake, which could be
detected in pelvic or paraaortic lymph node sites, was
considered to indicate malignancy. The lower one-third
vaginal involvement (LTI) and parametrial extension
were determined via pelvic examinations. All pelvic exam-
inations and analyses of imaging data were performed by
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two dedicated gynecologic oncologists and two radiolo-
gists with more than 10 years’ experience in gynecological
oncology.

All of the patients in this study received radical radio-
therapy composed of external beam radiation therapy
(EBRT) and brachytherapy (BT). EBRT was performed
by means of two-dimensional radiotherapy or intensity
modulated radiotherapy (IMRT) techniques according to
patients’ selection and physicians’ recommendations. The
dose of EBRT ranged from 45—52Gy, 1.80—2.0Gy/F. BT
was administered after half of EBRT, once a week. All
patients received intracavitary treatment 3—7 times, with
a dose of A point 6—7Gy/F. 187 patients received vaginal
brachytherapy 1—4 times depending on the vaginal inva-
sion before treatment and tumor regressions during treat-
ment, with a dose of reference point 6Gy/F. The reference
point was defined as the submucous membrane 5 mm from
the mucosal surface. 94 patients received para-aortic radio-
therapy, with the dose ranging from 45—61.25Gy,
1.80—2.45Gy/F. Time of radiotherapy was defined as
extending from the first day of EBRT to the last BT. In
some patients, Glycididazole Sodium was administered
intravenously as radiation sensitizer 30 minutes before
EBRT at a dose of 800mg/m”. Some patients did not
receive chemotherapy owing to contraindications or
patients’ refusal. The chemotherapy regimens contained
a single platinum agent or paclitaxel, and combination
regimens were based on platinum and taxane.

Outcome Definition
The primary outcome for this study is the OS, which was
defined as the time from diagnosis to death of any cause.

Statistical Analysis
Considering that all the continuous variables were rede-
fined as categorical variables, all the variables in this study
are presented as n (%) and compared using the chi-square
test or Fisher’s test. The optimal cut-off point for contin-
uous variables was determined by using the “surv_cut-
point” function of the R package’s “survminer” to
establish the cutoff values of tumor length and width.
A univariate analysis was used to screen for parameters
associated with the prognoses. The factors with P < 0.05
were included in the multivariate Cox regression to iden-
tify the independent factors for OS.

A nomogram, which integrated all independent prognostic
factors was established, on the basis of the results of the multi-
variate analysis. The predictive accuracy of the constructed

nomogram was evaluated using the concordance index and the
area under the time-dependent receiver operating characteristic
curve (AUC). The accuracy of the nomogram was verified
using a bootstrapped resample with 1000 iterations. Decision
curves analysis (DCA) was used to show the net benefits.

Statistical tests were conducted using RStudio (version
1.3.1073), including xIsx, Table 1, survminer, survival, rms,
time ROC and ggDCA packages. All statistical tests were
two-tailed, and P < 0.05 was considered to be statistically
significant.

Results

Patients’ Characteristics
A total of 469 patients were included in the final analysis.
Patients’ clinical data are shown in Table 1. In this cohort, 114
(24.31%) patients were older than 60 years of age. A total of
139 cases (29.64%) had lower one-third vaginal involvement.
Forty (8.53%) patients had no parametrial invasion;
however, the tumor extended from the cervix to the para-
metrium for 235 (50.11%) patients, and to the pelvic walls
for 194 (41.36%). Furthermore, 167 patients (35.61%)
were in stage II. A total of 78 (16.63%) patients had not

Table | Patients’ Characteristics

Characteristics Value Characteristics Value
Age (years) CcT 58 (12.30%)
<60 355 (75.69%) | MRI 397 (84.60%)
>60 114 (24.31%) | PET/CT 14 (2.90%)
Hemoglobin Parametrial invasion

2120g/L 345 (73.56%) | No 40 (8.53%)
<120g/L 124 (26.44%) | Parametrial extension | 235 (50.11%)
White blood cell Pelvic wall 194 (41.36%)
counts involvement

<I10*10E9I/L 371 (79.10%) | FIGO

210*10E91/L I 167 (35.61%)
Nelo 98 (20.90%) | 1l 302 (64.39%)
<2ng/mL 111 (23.67%) | Chemotherapy

>2ng/mL No 78 (16.63%)
Tumor length 358 (76.33%) | Yes 391 (83.37%)
<5.lcm 283 (60.34%) | Radiotherapy

>5.lcm 186 (39.66%) | Conventional 270 (57.57%)
Tumor width IMRT 199 (42.43%)
<4.13cm 362 (77.19%) | Time of Radiotherapy

>4.13cm 107 (22.81%) | <56days 172 (36.67%)
LTl >56days 297 (63.33%)
No 330 (70.36%) | Glycididazole Sodium

Yes 139 (29.64%) | No 411 (87.63%)
LN metastasis Yes 58 (12.37%)
No 277 (59.06%) | Thermotherapy

Yes 192 (40.94%) | No 346 (73.77%)
Imaging Yes 123 (26.23%)
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received chemotherapy due to intolerance or treatment
refusal. Additionally, 270 patients (57.57%) had received
conventional radiotherapy, and 58 patients (12.37%) had
received glycididazole sodium as a radiosensitizer three
times a week. Lastly, 123 patients (26.23%) had received
thermotherapy twice a week along with radiotherapy. The
estimated survival rates in the patient cohort at years 3 and
5, after diagnosis, were 0.92 and 0.86, respectively.

Determination of the Cutoff Values of
Tumor Length and Width

The cutoff values of tumor length and width were 5.10 cm and
4.13 cm, respectively (Figure 2). The tumor length of 283
patients (60.34%) was no longer than 5.10 cm, the hazard
ratio (HR) was 2.88, the 95% confidence interval (CI) was
1.88 t0 4.40, and the p-value was < 0.0001. The tumor width of
362 patients (77.19%) was not wider than 4.13 cm, the HR was
2.76, 95% CI ranged from 1.82 to 4.19, and the p-value
was < 0.0001.

Univariate and Multivariate Analysis of
Factors for OS

Since the accuracy of pelvic examination is highly dependent
on the physician experience,'® we did not include parametrial
involvement in the analyses. Univariate analyses showed that
hemoglobin (p = 0.037), white blood cell counts (p = 0.010),
tumor length (p < 0.001), tumor width (p < 0.001), LTI
(p = 0.005), and LN metastasis (p < 0.001), were associated
with OS. The following factors were found to be independently
associated with a significantly increased risk of shorter OS:
tumor length > 5.1 ecm (HR = 1.77, 95% CI = 1.06-2.94,

~—

A

Length>5.1cm
— Lengths5.1cm

Overall Survival

12 24 48 72

36
Time(month)
Number at risk

Length>5.1 186 174 143 132 130

Length <5.1 283 280 262 259 255 250

12 72

36
Time(month)

Overall Survival

p = 0.028), tumor width > 4.13 cm (HR = 1.68, 95%
CI=1.03-2.76, p = 0.039), LTI (HR =1.59, 95% CI = 1.05-
243, p=0.03), and LN metastasis (HR =1.96, 95% CI=1.27-
3.02, p = 0.002). The results are presented in Table 2.

Establishment of Nomogram

A nomogram was established to predict the 3- and 5-year
OS probabilities, based on the multivariate analysis, as
shown in Figure 3. The calibration plots indicate a strong
consistency between the observed and the nomogram-
predicted probabilities (Figure 4).

The C-index of the current nomogram was as high as
0.71 (0.66—0.77), which was significantly higher than that
of the FIGO-staging system (C-index = 0.62, 95% CI =
0.58-0.66, p = 0.009). Similar advantages of the current
model were also observed in terms of AUC at the 3- and
5-year marks (Table 3). DCA curves showed that net
benefits for our nomogram were higher than for the
FIGO-2018 staging system both for 3- and 5-year OS
(Figure 5).

Discussion

In this study, we established a predictive model for
FIGO-2018 1II to III squamous cervical carcinoma
patients undergoing radical radiotherapy. This nomo-
gram is an OS probability prediction tool, comprising
four pretreatment prognostic factors selected through
multivariate analysis. These factors, including tumor
length, tumor width, lower one-third vaginal involve-

ment and lymph node metastasis, can be accurately

< 0.0001

B

Width>4.13cm
— Widths4.13cm

12 24 60 72

3 48
Time(month)
Number at risk

Width>4.13 { 107 100 91 80 73 Kl 70

Widths4.13 { 362 354 337 325 320 316 310

0 12 24 60 72

36
Time(month)

Figure 2 The cut-off values of tumor length and width. (A) Tumor length; (B) tumor width.
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Table 2 Results of Univariable and Multivariate Analysis

Variables Univariate Multivariate
Hazard Ratio (95% CI) P value Hazard Ratio (95% CI) P value

Age .11 (0.70-1.77) 0.664 - -
Hemoglobin 1.58 (1.03-2.43) 0.037 1.04 (0.66—1.64) 0.850
White blood cell counts 1.80 (1.15-2.81) 0.010 1.17 (0.73-1.87) 0.508
SCC 1.61 (0.93-2.81) 0.091 - -
Tumor Length 2.88 (1.88—4.40) <0.001 1.77 (1.06-2.94) 0.028
Tumor Width 2.76 (1.82—4.19) <0.001 1.68 (1.03-2.76) 0.039
LTI 1.80 (1.19-2.74) 0.005 1.59 (1.05-2.43) 0.030
LN metastasis 2.43 (1.59-3.69) <0.001 1.96 (1.27-3.02) 0.002
Chemotherapy 0.64 (0.40-1.05) 0.077 - -
Radiotherapy 1.17 (0.78-1.77) 0.451 - -
Time of Radiotherapy 1.43 (0.91-2.25) 0.118 - -
Glycididazole Sodium 1.12 (0.61-2.05) 0.722 - -
Thermotherapy 1.45 (0.94-2.25) 0.093 - -

Abbreviations: SCC, squamous cell carcinoma antigen; LTI, lower one third vaginal involvement; LN, lymph node; IMRT, intensity modulated radiotherapy.

obtained through imaging data and are common clinical
factors that may be useful for some patients.

The multivariate analysis in our study identified tumor
length and width as independent factors of patient prog-
nosis and indicates that tumor size influences the outcome.
This is consistent with the results of previous studies
(Table 4).>'""' Tumor size is an independent prognostic

factor of locally advanced cervical carcinoma. A possible

explication for this result may be as follows: When the
diameter of the tumor is less than 1 mm, tumor cells can
exchange oxygen, nutrients, and metabolic substances by
simple diffusion, so they are considered to be under ade-
quate oxygenation. However, tumor hypoxia is a common
phenomenon for a tumor diameter of more than 1 mm.*°
are usually associated with tumor

Larger tumors

hypoxia.?! Tumor hypoxia is a well-known and important

0 10 20 30 40 50 60 70 80 90 100
Points
>§.10cm
Length =5.10cm
>4|.13cm
Width !
=4.13cm
¥
1
lower 1/3vaginal No
involvement
Yes
LN metastasis I
No
Total Points d 4 v T T 1 !
0 50 100 150 200 250 300 350
3-years OS r T T T T 1
0.9 0.85 0.8 0.75 0.7 0.6
5-years OS r T T T T 1
0.9 0.85 0.8 0.75 0.7 0.6 0.5

Figure 3 Nomogram for predicting the overall survival probability in cervical cancer patients whose FIGO-2018 stage were Il and IIl.
Abbreviation: FIGO, International Federation of Gynecology and Obstetrics.
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Figure 4 Internal calibration of nomogram of 3-year and 5-year survival. (A) Internal calibration of nomogram of 3-year overall survival; (B) internal calibration of

nomogram of 5-year overall survival.

determinant of the response to anti-tumor treatments, par-
ticularly radiotherapy. In our study, we employed both
tumor length and tumor width as study variables, and the
results show that both are independent prognostic factors
for survival. As the tumor shape is irregular, two directions
of tumor diameter would result in a better estimate of
tumor size than a single diameter. Recent studies often
evaluated the measurements of tumor size through physi-
cal examination or simply did not mention them; our study
used more accurate imaging methods, and reduced the bias
caused by clinical experience.

We also found that lymphatic metastasis was
a negative prognostic factor for squamous cell cervical
carcinoma patients who had received radical radiother-
apy. Several studies have shown that lymph node
metastasis is an independent prognostic factor for over-

422 and is associated with distant

23,24

all survival time,
metastases in early-stage cervical cancer, espe-
cially the presence of paraaortic lymph node metastasis
was significantly associated with distant recurrence.?

There have been many similar studies, and this has

been the main reason why FIGO incorporates lymph
node metastatic conditions into the staging system it
published in 2018. Grigsby et al analyzed a database
cohort of 1282 patients newly diagnosed with cervical
carcinoma from 1997 to 2019, and found that FIGO
2018
stages 1 and IV patients.”® Brodeur et al performed

improves survival discriminatory ability for
a retrospective cohort study on 216 adult cervical car-
cinoma patients treated with definitive chemoradiother-
apy between 2010 and 2018, and found that the 2018
FIGO
accurately.®

staging reflects patient prognosis more

To our knowledge, few studies have investigated the
prognostic significance of LTI. Gurram et al confirmed that
FIGO IIIA patients do better than IIIB patients with lower
vaginal involvement.”’ Katanyoo et al and Fang et al
found that stage IIIB cervical carcinoma patients with
LTI had poorer survival outcomes than those without
LTI.>*?° Our study showed that LTI is associated with
poor prognosis in patients with locally advanced squamous

cell cervical carcinoma who had received radiotherapy.

Table 3 Comparisons of the Time-Dependent AUC and C-Index Between the Nomogram and FIGO-2018

Variables FIGO-2018 Nomogram P value
C-index (95% Cl) 0.62 (0.58-0.66) 0.71 (0.66-0.77) 0.009
3-year AUC (95% Cl) 0.63 (0.59-0.68) 0.72 (0.66-0.79) 0.039
5-year AUC (95% ClI) 0.64 (0.60-0.69) 0.73 (0.67-0.79) 0.020

Abbreviations: AUC, area under the curve; Cl, confidence interval; FIGO, Federation of Gynecology and Obstetrics.
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Figure 5 Decision curve analysis (DCA) for 3- and 5-year OS. (A) DCA curve of nomogram and FIGO-2018 staging system of 3-year overall survival; (B) DCA curve of

nomogram and FIGO-2018 staging system of 5-year overall survival.

The details of the references regarding the prognostic
factors are summarized in Table 4.

In this study, we established a nomogram to predict the
overall survival of patients with squamous cell cervical
carcinoma in FIGO-2018 stages II-III under radical radio-
therapy. The C-index of our nomogram is significantly
higher than that of the FIGO-2018 stage, which means
its” predictive capacity is better at predicting patients’
3-year and S5-year survival. The four factors used to estab-
lish our nomogram were mainly extracted from imaging
data and clinical factors that were not difficult to obtain.
Some studies have shown that in operable cervical cancer
patients, the accuracy of pelvic examination in evaluating
parametrial invasion is about 50%-80%"7> and MRI’s
accuracy is higher than that of clinical evaluation.>
However, in patients with advanced stage cancer, it is
not feasible to compare pelvic examination with surgical
pathology because surgery is not applicable for them.
Moreover, MRI is contraindicated for patients with metal-
lic objects, such as intrauterine device and pacemakers.
Instead, we included imaging factors and clinical factors to
establish predictive models; then our nomogram showed
that it can predict OS well.

Several studies about nomograms have predicted the
OS of cervical cancer patients undergoing radiotherapy.
Sturdza et al recently published their results which
showed that clinical target volume at high risk at first
BT significantly affects

the prognoses of locally

advanced cervical cancer patients treated by radio-
chemotherapy including image guided brachytherapy.'”
The staging system used in their study was FIGO 2009.
The ethnic composition of the study’s population was
not mentioned. They finally built a nomogram based on
factors about modern image guided brachytherapy. It is
not feasible to evaluate it in our study, because all
patients received conventional BT. And we mainly
focused on evaluating the value of imaging data before
treatment, which is a more objective assessment mea-
sure. Two studies that enrolled more than 2000 patients,
based on the Surveillance, Epidemiology, and End
Results (SEER) database, showed that there were factors
outside the FIGO-2009 stage influencing the survival of
cervical cancer patients.'*'® We restaged all the patients
through the FIGO-2018 staging system and established
a predictive model with an imaging aspect. Our model
can provide much more customized survival predictions
to Chinese patients with FIGO-2018 II to III squamous
cell cervical carcinoma under radical radiotherapy than
those based on coarse groupings of large numbers of
heterogeneous patients.

Our study had some limitations. First, it was con-
ducted retrospectively and was inherently subjective to
the specific biases of a retrospective study. Although the
cases were collected in 13 months, the diagnosis and
treatment strategies were similar. Second, this was

a single-center retrospective study; hence, the inclusion
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Abbreviations: FIGO, International Federation of Gynecology and Obstetrics; S, surgery; RT, radiotherapy; CT, chemotherapy; CT, computerized tomography; CRT, chemoradiation; MRI, magnetic resonance imaging; CCRT, concurrent

chemoradiotherapy; NA, not available; PET, positron emission tomography; LTI, lower third of vaginal invasion.

of some factors may be overestimated and the conclu-
sion needs to be further explored by incorporating mul-
tiple centers. Third, these findings are preliminary
results and the nomogram needs to be further validated.

Conclusion

In this study, we developed a nomogram for FIGO-2018 11
to III squamous cell cervical carcinoma in patients who
had received radical radiotherapy in China, based on clin-
ical and imaging information. Tumor length, tumor width,
LTI, and LN metastasis were found to be independent
prognostic factors. These factors are common clinical fac-
tors and can be extracted accurately from imaging data.
The nomogram performed better than the FIGO stage
prediction model and could help clinicians precisely pre-
dict prognosis in clinical care and research in China.
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