L))

Check for
updat

Original Article

Nomograms for predicting prognostic value of combined
neutrophil-to-lymphocyte ratio and SCC-Ag in locally advanced
cervical cancer

Long Jin', Fei Cao’, Yuan Zhang’, Yunzhi Dang’', Fei Wang’

'Department of Radiotherapy, Shaanxi Provincial People’s Hospital, Xi’an, China; “Department of Medical Oncology, Shaanxi Provincial People’s
Hospital, Xi’an, China; ‘Department of Gynecology, Shaanxi Provincial People’s Hospital, Xi’an, China

Contributions: (I) Conception and design: L Jin, F Wang; (II) Administrative support: F Wang, Y Dang; (III) Provision of study materials or patients:
F Cao, F Wang; (IV) Collection and assembly of data: L Jin, Y Zhang; (V) Data analysis and interpretation: L Jin, Y Zhang; (VI) Manuscript writing:
All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Fei Wang, MM. Department of Gynecology, Shaanxi Provincial People’s Hospital, No. 256, Youyi West Road, Xi’an 710068,
China. Email: feiwang_dor@126.com.

Background: Accumulating evidence supports the important role of inflammation in tumorigenesis and
progression. Squamous cell carcinoma-associated antigen (SCC-Ag) is a tumor marker widely used to predict
the prognosis of patients with cervical squamous cell carcinoma. This paper explored the predictive value
of combined detection of neutrophil-to-lymphocyte ratio (NLR) to SCC-Ag for prognosis in patients with
locally advanced cervical cancer (LACC).

Methods: A retrospective analysis was conducted on 190 LACC patients who underwent concurrent
chemoradiotherapy (CCRT) from January 2012 to December 2016. NLR and SCC-Ag were analyzed before
treatment. Receiver operating characteristic (ROC) curve analysis was employed to determine the optimal
cutoff point for NLR and SCC-Ag. Kaplan-Meier analysis and Cox regression analysis were performed to
assess their prognostic values. Nomograms were established to predict progression-free survival (PFS) and
overall survival (OS), and the Harrell’s concordance index (C-index) was introduced to evaluate the accuracy
of predictions.

Results: The optimal cutoff values for SCC-Ag and NLR were 3.25 ng/mL and 2.52, respectively. Patients
with SCC-Ag >3.25 ng/mL and NLR >2.52 were significantly associated with decreased PFS and OS.
Multivariate analysis indicated that SCC-Ag and NLR were independent prognostic factors for PEFS (P=0.022
and P=0.004, respectively) and OS (P=0.031 and P=0.001, respectively). The area under the curve of SCC-
Ag, NLR and their combination to predict PFS and OS of LACC were 0.688, 0.623, 0.708 and 0.684, 0.658,
0.723, respectively. C-index of nomograms based on PFS and OS were 0.725 [95% confidence interval (CI):
0.653-0.797] and 0.731 (95% CI: 0.658-0.804), respectively.

Conclusions: The combination of SCC-Ag and NLR could provide a better predictive prognosis than
SCC-Ag or NLR alone, and nomograms based on PFS and OS can be recommended as practical models for

evaluating the prognosis of LACC patients.
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Introduction

Despite widespread screening programs, cervical cancer
remains the fourth most common cancer among women
worldwide (1). It is estimated that there were about 102,000
new cases in China in 2014, with a crude incidence rate of
15.30/100,000. The crude mortality rate was 4.57/100,000.
Therefore, there is still a heavy burden of cervical cancer in
China (2). In developing countries and regions, the majority
of cervical cancers are diagnosed in locally advanced
stages (3). At present, all guidelines agree that radical
concurrent chemoradiation therapy (CCRT) is the standard
treatment for locally advanced cervical cancer (LACC) (4).
Risk factors associated to the prognosis of cervical cancer
include tumor size, lymph node metastasis, para-uterine
tissue infiltration, positive vaginal stump resection margin,
lymphatic vascular infiltration, etc. However, most of
the above factors are usually obtained through surgical
pathology, and are not suitable for LACC patients receiving
radical radiotherapy (5,6). Hence, there is an urgent need
for a better model to predict the prognosis of LACC.

The most common histological type of cervical cancer
is squamous cell carcinoma, which accounts for more than
70% of cervical cancer cases in the United States (7) and
about 90% of cases in China (8). Serum squamous cell
carcinoma antigen (SCC-Ag) represents a subfraction of
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the tumor-related antigens associated with squamous cell
carcinoma and is widely used as a marker for squamous
cell carcinoma in the head and neck, lung, and esophagus,
etc. SCC-Ag is not documented in current guidelines
or in routine clinical practice for patients with cervical
squamous cell carcinoma. However, many researches have
demonstrated that SCC-Ag is an important marker for
assessing the prognosis of cervical cancer (9-11). A growing
number of reports have indicated that the progression
and prognosis of cancer are not only associated with
tumor characteristics, but also with host inflammatory
response (12,13). Neutrophil-to-lymphocyte ratio (NLR)
is considered as a maker of systemic inflammation and is
associated with the prognosis of various solid tumors (14).
Therefore, we hypothesized that parameters reflecting both
tumor characteristics and inflammation biomarkers may be
better predictors of patient survival, and the combination
of SCC-Ag and NLR may be a better biomarker for the
prognostic assessment of LACC.

A plethora of studies has shown that the application
of nomograms in oncology can more accurately predict
tumor prognosis. The aim of this study was to establish
nomograms to predict the prognosis of LACC patients
undergoing CCRT. We present this article in accordance
with the TRIPOD reporting checklist (available at https://
teramegroups.com/article/view/10.21037/tcr-23-1501/rc).

Methods
Patients’ selection

The study population comprised 190 patients diagnosed
with LACC (IB2-IVA) confirmed by histology, who
received CCRT at Shaanxi Provincial People’s Hospital
(Xi’an, China) from January 2012 to December 2016. All
patients were pathologically confirmed as squamous cell
carcinoma. Patients with any of the following were excluded
from this study: systemic inflammation or infection,
hematological diseases, evidence of hyperthermia, history of
other malignancies, combined with severe liver and kidney
disease, previous radiotherapy, and distant metastases. All
patients signed written informed consent before enrollment.
This study was in line with the Declaration of Helsinki
(as revised in 2013). Ethical approval was obtained from
the Institutional Review Board of the Shaanxi Provincial
People’s Hospital (No. SPPH-LLBG-17-3.2) and individual
consent for this retrospective analysis was waived.
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Data collection

Baseline complete blood counts (neutrophil, lymphocyte,
red blood cell count and platelet counts) and serum SCC-
Ag of patients were measured within one week prior to
treatment. The complete blood count was measured using a
Sysmex XN-2000 automated hematology analyzer (Sysmex
Corporation, Japan). Serum SCC-Ag was analyzed by
a Beckman DXI 800 automated immunoassay analyzer
(Beckman Inc., USA). NLR was calculated by dividing the
absolute neutrophil value by the absolute lymphocyte value.
Clinicopathological variables of patients were retrieved from
the database of Shaanxi Provincial People’s Hospital, including
age, International Federation of Gynecology and Obstetrics
(FIGO) stage (2009 version of the International Federation
of Cervical Cancer and Obstetrics and Gynecology), tumor
differentiation, tumor size, regional lymph node metastasis,
and human papillomavirus (HPV) infection, etc.

Enrolled patients were treated with CCRT. Radiotherapy
regimen: target areas included the uterus, cervix,
parametrium and upper 1/2 vagina, and pelvic lymphatic
drainage areas such as the internal iliac, obturator, external
iliac and common iliac lymph nodes. For stage IITA
patients, the regimen included the entire vagina, and the
inguinal region if necessary. High energy 6 MV X-rays
were applied for static intensity modulated radiotherapy
in 5-9 fields. Doses of 50.4 Gray in total were delivered
using conventional segmental irradiation. Intracavitary
irradiation doses ranging from 24 to 30 Gray were adopted.
Concurrent chemotherapy regimen included single agent
cisplatin 40 mg/m’ weekly (4 or 5 cycles), as well as a two-
drug combination including docetaxel and cisplatin or
carboplatin (2 or 3 cycles).

Patients were followed up regularly according to
guidelines of National Comprehensive Cancer Network
(NCCN). Physical examination and serum tumor biomarkers
including SCC-Ag were performed every 3 to 6 months for
the first 2 years, every 6 months for the third to fifth year,
and then annually. The last follow-up date was on December
31, 2019. Progression-free survival (PFS) was defined as the
time from treatment to recurrence or progression. Overall
survival (OS) was defined as the time from treatment to death
from any cause or the last follow-up of survivors.

Statistical analysis

SPSS 21.0 (SPSS, Chicago, IL, USA) software was used for
statistical analysis. Receiver operating characteristic (ROC)
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curve analysis was used to determine the optimal cutoff
values of SCC-Ag and NLR, respectively. Patients were
divided into two groups according to the optimal cutoff
values. The #-test for continuous variables and the Fisher’s
precision probability test for categorical variables were used
to analyze the relationship between SCC-Ag, NLR and
clinicopathological parameters, respectively. PFS and OS
were calculated by the Kaplan-Meier method, and univariate
analysis was used to explore the association between
various prognostic factors and PFS and OS, respectively.
Significant prognostic factors associated with PFS and
OS were incorporated to perform multivariate analyses
using the Cox proportional hazards model. Nomograms
of possible prognostic factors associated with PFS and
OS were established using R software (R software version
3.5.2, Institute of Statistics and Mathematics, Vienna,
Austria), and the model performance of the predicted
outcomes was evaluated by the Harrell’s concordance index
(C-index), which was a discriminant measure similar to the
area under the curve (AUC) of the ROC curve (15). The
maximum value of the C-index was 1.0, indicating a perfect
discrimination, whereas 0.5 indicated a random chance of
correct discrimination. In addition, the calibration plot
was used to assess the deviation between the predicted
probability and actual probability (16). The calculation of
the C-index and the calibration plot were processed using R
software. P<0.05 was considered statistically significant.

Results
Patient characteristics

A total of 190 patients were included in this study. Their
baseline characteristics were summarized in Table 1. All the
patients received CCRT, and the median follow-up was
46.0 months (range, 4-84 months). Median PFS and OS
were 48.0 and 52.0 months, respectively.

ROC curves of SCC-Ag, NLR and combination of SCC-Ag
and NLR for OS and PFS

ROC curve analysis was performed to determine the
optimal cutoff points for SCC-Ag and NLR as a predictor
for OS, which were 3.25 ng/mL and 2.52, respectively
(Figure 14,1B). AUCs were 0.684 [95% confidence interval
(CI): 0.602-0.766] and 0.658 (95% CI: 0.572-0.744),
respectively. In addition, the cutoff values for SCC-
Ag and NLR of PFS were determined by ROC curve
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Table 1 Comparison of baseline clinicopathological characteristics of the 190 patients based on SCC-Ag and NLR

SCC-Ag NLR
Variables Sum
<3.25 ng/mL >3.25 ng/mL P value <2.52 >2.52 P value
Age (years) 0.479 0.135
<50 61 25 36 20 41
>50 129 46 83 57 72
FIGO stages 0.487 0.221
1B2 13 3 10 2 11
I1A1 12 5 7 7 5
IIA2 19 4 15 6 13
1B 98 41 57 43 55
A 15 5 10 8 7
1B 28 10 18 10 18
IVA 5 3 2 1 4
Pathological differentiation 0.723 0.517
Well 15 7 8 8 7
Moderate 157 57 100 61 96
Poor 18 7 11 8 10
Tumor size (cm) 0.023 0.178
<4 54 27 27 26 28
>4 136 44 92 51 85
LN metastasis <0.001 0.023
Positive 110 16 94 37 73
Negative 80 55 25 40 40
CCRT NA NA
DDP 138 46 92 53 85
TP/TC 52 25 27 24 28
HPV infection 0.002 0.019
Positive 166 55 111 62 104
Negative 24 16 8 15 9
HGB (g/L) 0.197 0.170
<110 60 18 42 20 40
>110 130 53 77 57 73
PLT (10°/L) 0.230 0.209
<300 152 60 92 65 87
>300 38 11 27 12 26

SCC-Ag, squamous cell carcinoma associated antigen; NLR, neutrophile-to-lymphocyte ratio; FIGO, International Federation of
Gynecology and Obstetrics; LN, lymph node; CCRT, concurrent chemoradiotherapy; NA, not available; DDP, cisplatin; TP/TC, docetaxel
and cisplatin or carboplatin; HPV, human papillomavirus; HGB, hemoglobin; PLT, platelets.
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Figure 1 ROC curve analysis was performed to determine the optimal cutoff point for the SCC-Ag and NLR as a predictor for OS or PES.
ROC curves for OS stratified by (A) SCC-Ag levels, (B) NLR levels, (E) the combination of SCC-Ag and NLR levels; ROC curves for PFS
stratified by (C) SCC-Ag levels, (D) NLR levels, (F) the combination of SCC-Ag and NLR levels, which are revealed by measuring the

maximum area under the curve. ROC, receiver operating characteristic; SCC-Ag, squamous cell carcinoma associated antigen; NLR, the

neutrophil-to-lymphocyte ratio; OS, overall survival; PFS, progression-free survival; CI, confidence interval; AUC, area under the curve.

analysis, which were 3.01 ng/mL and 2.495, respectively
(Figure 1C,1D). The cutoff values of PFS had minor
difference from that of OS, and thus, PFS also adopted the
cutoff values of OS to maintain consistency and prevent
confusion. Further, we combined SCC-Ag and NLR to
improve the predictive value. The results showed that the
AUC of SCC-Ag combined with NLR for OS was 0.723
(95% CI: 0.647-0.800) (Figure 1E), which was higher than
that of SCC-Ag (0.684, 95% CI: 0.602-0.766) alone and
NLR alone (0.658, 95% CI: 0.572-0.744) (Figure 14,1B).
Similarly, the AUC of SCC-Ag combined with NLR for
PFS was 0.708 (95% CI: 0.629-0.788) (Figure 1F), which
was higher than that of SCC-Ag (0.688, 95% CI: 0.617—
0.753) alone and NLR alone (0.623, 95% CI: 0.550-0.692)

© Translational Cancer Research. All rights reserved.

(Figure 1C,1D).

Correlations of SCC-Ag and NLR with clinicopathological
parameters

We divided the patients into two groups based on the above
cutoff values. Correlations between SCC-Ag and NLR
with clinical parameters were analyzed, including age,
FIGO stage, pathological differentiation, tumor size, lymph
node metastasis, HPV infection, hemoglobin and platelet
count. As shown in Table 1, high SCC-Ag was significantly
associated with lymph node metastasis, tumor size, and
HPV infection, and high NLR was significantly associated
with lymph node metastasis and HPV infection.
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Table 2 Univariate Cox regression survival analysis for all LACC patients undergoing CCRT

PFS 0s

Variables

HR 95% CI P value HR 95% ClI P value
Age 0.914 0.500-1.671 0.769 0.989 0.961-1.017 0.440
FIGO stage 1.102 0.888-1.367 0.379 1.083 0.865-1.356 0.488
Pathological differentiation 2.247 1.226-5.551 0.004 2.355 1.220-4.546 0.011
Tumor size 1.607 0.799-3.233 0.183 1.118 0.908-1.378 0.292
CCRT 1.140 0.610-2.131 0.682 1.308 0.703-2.434 0.396
HPV infection 1.237 0.489-3.127 0.653 1.178 0.465-2.985 0.730
HGB 1.065 0.570-1.990 0.843 0.965 0.513-1.814 0.912
LN metastasis 4.138 1.933-8.861 <0.001 2.450 1.302-4.611 0.005
PLT 1.523 0.791-2.934 0.209 1.680 0.867-3.255 0.124
SCC-Ag 4.829 2.048-11.387 <0.001 4.885 2.059-11.590 <0.001
NLR 3.355 1.621-6.944 0.001 4.434 1.939-9.733 <0.001

LACC, locally advanced cervical cancer; CCRT, concurrent chemoradiotherapy; PFS, progression-free survival; OS, overall survival; HR,
hazard ratio; ClI, confidence interval; FIGO, International Federation of Gynecology and Obstetrics; HPV, human papillomavirus; HGB,
hemoglobin; LN, lymph node; PLT, platelets; SCC-Ag, squamous cell carcinoma antigen; NLR, neutrophil-to-lymphocyte ratio.

Table 3 Multivariate Cox regression survival analysis for all LACC patients undergoing CCRT (N=190)

PFS (O]
Variable
HR 95% ClI P value HR 95% ClI P value
Pathological differentiation 2.252 1.235-4.946 0.969 2.448 1.214-4.934 0.012
LN metastasis 2.016 0.848-4.795 0.113 2.733 1.024-7.289 0.045
SCC-Ag 3.119 1.181-8.236 0.022 2.952 1.103-7.899 0.031
NLR 2.933 1.410-6.103 0.004 3.994 1.773-8.996 0.001

LACC, locally advanced cervical cancer; CCRT, concurrent chemoradiotherapy; PFS, progression-free survival; OS, overall survival;
HR, hazard ratio; ClI, confidence interval; LN, lymph node; SCC-Ag, squamous cell carcinoma associated antigen; NLR, neutrophil-to-

lymphocyte ratio.

Correlations of clinicopathological parameters with PFS
and OS

Univariate and multivariate analyses were performed to
determine the correlations between clinical parameters and
PES and OS. The results of univariate analysis indicated
that the differentiation, lymph node metastasis, SCC-Ag
and NLR were significantly associated with both PFS and
OS, respectively (Table 2). Multivariate analysis showed
that lymph node metastasis, high SCC-Ag, high NLR
and differentiation were significantly associated with OS
(1able 3). However, multivariate analysis showed that only
high SCC-Ag and high NLR were significantly associated
with PFS. In addition, Kaplan-Meier survival analysis

© Translational Cancer Research. All rights reserved.

showed that high SCC-Ag (>3.25 ng/mL) and high NLR
(>2.52) were also significantly associated with lower PFS
[hazard ratio (HR): 4.829, 95% CI: 2.048-11.387, P<0.001;
HR: 3.355, 95% CI: 1.621-6.944, P=0.001] (Figure 2A4,2B).
It also showed that, high SCC-Ag (>3.25 ng/mL) and high
NLR (>2.52) were significantly associated with lower OS
(HR: 4.885, 95% CI: 2.059-11.590, P<0.001; HR: 4.434,
95% CI: 1.024-7.289, P=0.045) (Figure 2C,2D).

Combination of SCC-Ag and NLR is a superior prognostic

biomarker

According to the ROC curve analysis, these results
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Figure 2 Kaplan-Meier curves illustrating superior overall survival and progression-free survival in patients LACC patients receiving
concurrent chemoradiotherapy with (A,C) low SCC-Ag levels and (B,D) low NLR levels. SCC-Ag, squamous cell carcinoma associated
antigen; NLR, neutrophil-to-lymphocyte ratio; LACC, locally advanced cervical cancer.

demonstrated that SCC-Ag combined with NLR could be a
superior prognostic biomarker than SCC-Ag or NLR alone
(Figure 1). Then, we investigated the value of combination
of SCC-Ag and NLR in our cohort using Kaplan-Meier
survival analysis. We stratified patients into three groups:
SCC-Ag-low and NLR-low, SCC-Ag-high or NLR-
high, SCC-Ag-high and NLR-high. These corresponded
to low, medium and high-risk groups, with an estimated
S-year cumulative OS incidence of 96%, 87% and 52%,
respectively (Figure 34). Similarly, the differences were
significant with respect to PFS (Figure 3B). Thus, the
combination of SCC-Ag and NLR could provide additional
patient stratification.

Development nomogram for predicting PFS and OS of

LACC patients
To predict PFS and OS of patients with LACC, two

© Translational Cancer Research. All rights reserved.

nomograms were established using a multivariate Cox
regression model according to all significant independent
factors for PFS and OS (Figure 44,4B). Nomograms could
be explained by summing up the points assigned to each
variable, which were indicated at the top of scale. The total
score could be converted into the lowest scale for predicting
the 3- and 5-year survival probability of patients (17). The
C-index for PFS and OS were 0.725 (95% CI: 0.653-0.797)
and 0.731 (95% CI: 0.658-0.804), respectively. The
associated calibration curves of the two nomograms were
shown in Figure 4C-4F, indicating no deviations from the
reference line and no need for recalibration.

Discussion

In the present study, we investigated the correlation between
pretreatment SCC-Ag, NLR and clinicopathological
parameters and survival rate in LACC patients receiving
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Figure 3 Kaplan-Meier survival curves of LACC patients receiving concurrent chemoradiotherapy. Groups: SCC-Ag-low and NLR-low,
SCC-Ag-high or NLR-high, SCC-Ag-high and NLR-high. LACC, locally advanced cervical cancer; SCC-Ag, squamous cell carcinoma

associated antigen; NLR, neutrophil-to-lymphocyte ratio.

CCRT. The results showed that high SCC-Ag was
significantly associated with lymph node metastasis, tumor
size and HPV infection, while high NLR was significantly
associated with lymph node metastasis and HPV infection.
In addition, both SCC-Ag and NLR were independent
prognostic factors. Moreover, the combination of the above
two was a better prognostic indicator.

The nomogram enables the integration of more clinically
relevant parameters for individualized prediction (17). It
is a calculation chart that can be an alternative to complex
mathematical formulas and present the results of regression
analysis in an intuitive graphical form, which is important
for individualized and accurate prediction.

In this study, we tried to establish nomograms including
NLR and SCC-Ag to improve prognosis prediction of
LACC patients. To begin with, ROC curve was used to
assess the optimal cutoff value of serum SCC-Ag, which was
3.25 ng/mL. In fact, a number of studies have investigated
the cutoff values of SCC-Ag levels for the prognosis
(10,11,18-20). However, there is no consensus on the optimal
value for predicting the survival rate of cervical squamous
cell carcinoma. The thresholds from 2 to 4.0 ng/mL
were adopted by different studies according to various
standards. In our study, the optimal cutoff values of SCC-
Ag identified by ROC curve were reliable and reasonable.
Similarly, with respect to NLR, a review by Guthrie et 4l
reported that cutoff values of 2.0-5.0 were employed in
different studies of various solid tumors (21). In practice,
the standards for blood routine tests vary from one medical
center to another. As a result, there is no universal approach
to establish a standard threshold for each cohort of patients.

© Translational Cancer Research. All rights reserved.

In the present study, we selected 2.52 as the cutoft value
based on the ROC curve calculations. Similar to the study
of Mizunuma et a/., 2.5 was adopted as the cutoff value
when predicting the response to radiation therapy (RT)
or CCRT (22), and 2.5 was adopted in the study of Zhu
et al. when predicting clinical outcomes and prognosis of
cervical cancer (23). A meta-analysis included a total of
6,041 patients in 14 studies, and the results showed that
the median cutoff value for NLR was 2.46 (range from
1.60 to 3.80). The higher NLR was associated to worse OS
(HR: 1.86, 95% CI: 1.44-2.40) and PFS (HR: 1.67, 95%
CI: 1.25-2.23), compared with lower NLR (24). Hence, a
cutoff value of 2.52 for NLR is considered as an acceptable
value. Of course, in addition to NLR, other systemic
inflammations are also considered to be associated with
adverse outcomes in patients with advanced cervical cancer.
Two meta-analyses show that: high platelet-to-lymphocyte
ratio (PLR) was significantly correlated with poor OS (HR:
1.56, 95% CI: 1.32-1.85, P<0.01) and disease-free survival
(DFS)/PFS (HR =1.56; 95% CI: 1.26-1.94; P<0.001). High
NLR, PLR, thrombocyte-to-lymphocyte ratio (TLR), and
C-reactive protein/albumin ratio (CAR) indicated poor
prognosis for patients with cervical cancer (HRs: 2.46,
1.88, 3.70, and 3.94, respectively; all P<0.01). Subgroup
analysis suggested that the highest NLR and PLR were
more precise biomarkers in patients who were diagnosed
with FIGO stage I-III cervical cancer after treatment with
chemo-radiotherapy. High TLR and high lymphocyte-
to-monocyte ratio (LMR) displayed significant prognostic
value in late-FIGO stage III-IV cervical cancer (HRs: 4.33
and 2.032, respectively) (25,26).
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Figure 4 Nomogram for prediction of 3- and 5-year (A) PFS rates or (B) OS of patients with LACC patients receiving concurrent
chemoradiotherapy. Calibration plot of the nomogram: the (C) 3- and (D) 5-year calibration curves of PFS in training and validation groups
for validating nomogram model; the (E) 3- and (F) 5-year calibration curves of OS in training and validation groups for validating nomogram
model. The grey line indicates the ideal reference line where predicted probabilities would match the observed survival rates. The red dots are
calculated by bootstrapping (resample: 1,000) and represent the performance of the nomogram. The closer the red line is to the grey line, the
more accurately the model predicts survival. LN, lymph node; SCC-Ag, squamous cell carcinoma associated antigen; NLR, neutrophil-to-
lymphocyte ratio; LACC, locally advanced cervical cancer; PFS, progression-free survival; OS, overall survival.
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In agreement with previous studies (10,18,27), our
results confirmed the predictive capability of serum SCC-
Ag levels for both PFS and OS in LACC patients. In light
of the prognostic value of SCC-Ag in cervical cancer, the
prospective application of serum SCC-Ag levels has been
gaining interest in the clinical management of patients
with cervical squamous cell carcinoma (9,28). Our study
demonstrated that elevated NLR was an independent
prognostic factor for LACC patients, which was consistent
with the conclusions of previous reports on the association
between NLR and clinical outcomes in cervical cancer
patients (5,29-33). However, this was inconsistent with
the result reported by Zhu ez al. (23), who found that high
NLR was correlated to age, parametrial involvement,
tumor-invasion depth and histologic grade and exhibited no
prediction power on OS or PFS. There may be two main
reasons for these discrepant findings. First, the difference in
the study population lies in that NLR has no significance in
predicting the prognosis of early-stage cervical cancer (29).
In addition, Zhu et 4/. (23) studied patients who underwent
radical surgical resection, which was performed in early-stage
patients, whereas we studied patients with locally advanced
disease. Second, these differences may be due to differences
in genetic composition, environmental factors, and lifestyle
backgrounds among these populations. Therefore, further
stratified and refined studies should be conducted on multi-
center participants from several different regions.

The relationship between human inflammatory response
and tumors was first reported by Virchow in 1863 (34).
The two interact with each other, and inflammation plays
an important role in the occurrence and development
of various tumors. The correlation between systemic
inflammatory parameters and tumorigenesis, development
and prognosis has been increasingly studied (14). The
precise mechanism by which high NLR indicates poor
outcomes remains unclear. There are several potential
mechanisms that could provide an explanation for the
prognostic value of inflammatory markers in cancer.
First, elevated neutrophils have a suppressive role on
the immune system response, which may contribute to
the progression and metastasis of tumors (35). Second,
neutrophils may also promote the development of an
inflammatory microenvironment, thereby promoting tumor
growth, angiogenesis and metastasis (36). On the one
hand, neutrophils may release circulating chemokines and
angiogenic factors, which play important roles in different
stages of tumor development (36,37). On the other hand,
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lymphocytes serve as an important component of the
host immune system. It is mainly responsible for immune
surveillance and is a protective prognostic factor for cancer
patients (38). The decrease of lymphocytes will lead to
immune dysfunction. In addition, circulating lymphocytes
secrete cytokines that inhibit tumor cell proliferation and
metastasis, and have cytotoxic effects (39). Therefore, the
identification of parameters that simultaneously reflect
tumor characteristics and host inflammatory response is
supposed to have a superior prognostic value. Meanwhile,
serum SCC-Ag levels are considered to be significantly
associated with tumor characteristics in patients with
cervical squamous cell carcinoma (40). In our present study,
our results for the first time assessed that the combination of
SCC-Ag and NLR detection might have a better prognostic
value for LACC patients undergoing CCRT. Furthermore,
despite their interrelationships, the combination of NLR
and SCC-Ag has been shown to be a better prognostic
indicator than the use of SCC-Ag and NLR alone in LACC.
By integrating NLR and SCC-Ag using cutoff values in this
study cohort, patients could be stratified into low, medium
and high-risk groups. This approach has proven to be
particularly successful with respect to predicting prognostic
survival rates. Consequently, the combination of NLR and
SCC-Ag could provide an alternative risk stratification for
patients with LACC.

In our present study, we have successfully developed a new
prognostic prediction model based on clinicopathological
factors. Despite the encouraging results, the present study
still has limitations. First, this dataset only covered patients
with LACC who underwent CCRT, and this group of
patients was not representative of all patients with cervical
cancer. Therefore, patients need to be screened in clinical
practice. Second, this was a retrospective study, making
it difficult to control for confounding factors. Third, the
number of patients in our single-center study was relatively
small. The conclusions need to be further validated with a
larger number of multi-center patients.

Conclusions

The findings in our study demonstrated that the
combination of SCC-Ag and NLR could be a better
prognostic biomarker for OS and PFS in LACC patients
compared to using SCC-Ag or NLR alone. Nomograms
based on PFS and OS can more accurately and practically
predict the prognosis of LACC patients.
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