
Abstract. Background/Aim: We evaluated the clinical
implications of pre- and post-treatment hematological
parameters as prognostic factors in patients with locally
advanced cervical cancer (LACC) who received definitive
concurrent chemoradiotherapy (CCRT). Patients and
Methods: We retrospectively analyzed 125 patients with LACC
(FIGO stage IIB to IIIB) who received definitive CCRT.
Clinical factors and hematological parameters, including
neutrophil-to-lymphocyte ratio (NLR) were assessed pre- and
post-CCRT. Univariate and multivariate analysis for disease-
free survival (DFS) and overall survival (OS) were performed
using clinicopathological and hematological parameters.
Results: Disease recurred in 46 (36.8%) patients, and 24
patients (19.2%) died. On multivariate analysis, post-
treatment NLR, ΔNLR (pre-treatment NLR/post-treatment
NLR) and ΔPLR (platelet-to-lymphocyte ratio) (pretreatment
PLR/post-treatment PLR) were significant prognostic factors

for DFS, and only post-treatment NLR was a significant
prognostic factor for OS (p<0.001). However, pre-treatment
hematological parameters were not associated with prognosis.
Conclusion: Post-treatment hematological parameters,
particularly NLR, may serve as a prognostic indicator in
patients with LACC who received definitive CCRT.

Cervical cancer is the fourth most frequently diagnosed
cancer and the fourth leading cause of cancer-related deaths
in women, accounting for 570,000 new cases and over
300,000 deaths worldwide (1). For patients with locally
advanced cervical cancer (LACC), definitive concurrent
chemoradiotherapy (CCRT) using a cisplatin-based regimen
has become the standard treatment. However, about one third
of patients with cervical cancer experience recurrence, and
recurrence mostly develops within 2 years of therapy
completion (2). Therefore, accurate prognosis prediction is
important to improve the survival of patients who may
benefit from adjuvant treatment or close surveillance. The
relationship of inflammation with cancer development and
progression is widely accepted, and diverse prognostic
markers based on systemic inflammation have been
evaluated to predict prognosis in cancer patients (3). In
particular, high peripheral neutrophil-to-lymphocyte ratio
(NLR) has been recognized as a poor prognostic indicator in
various cancers, including cervical cancer (4-12). Recently,
post-treatment inflammatory hematological markers and their
changes between pre-treatment and post-treatment time
points have been reported to be associated with prognosis in
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various cancers (13-17). However, the consistency of the
prognostic impact of NLR in cervical cancer has not been
determined, and most studies emphasize the importance of
pre-treatment NLR (7, 18-20). To our knowledge, there are
no studies on the prognostic impact of post-treatment
hematological parameters and post-treatment changes in
cervical cancer. The aim of this study was to assess the
prognostic value of pre-treatment and post-treatment
hematological parameters and their changes after definitive
CCRT in patients with LACC. 

Patients and Methods

Patients. We retrospectively analyzed 125 patients with cervical
cancer classified as having stage IIB to IIIB cancer; these patients
were treated with definitive CCRT with a cisplatin-based regimen
between September 2005 and November 2016 at Kyungpook
National University Hospital. Retrospective data collection and
analysis were approved by the institutional review board of
Kyungpook National University Chilgok Hospital. The need for
informed consent was waived due to the retrospective design of the
study. Clinical and pathological parameters were reviewed and
retrieved, including age, International Federation of Gynecology and
Obstetrics (FIGO) stage, histology, primary tumor size, pelvic and
paraaortic lymph node metastasis, and squamous cell carcinoma
(SCC) antigen. 

The patients were staged according to the 2008 FIGO staging
system (21). Tumor size was determined by measuring the largest
tumor diameter in MRI or CT images. Lymph node metastasis was
defined as having any pelvic or para-aortic LN with a diameter
greater than 1 cm along the short axis on MRI or CT. 

Treatment. All patients were treated with a combination of external
beam radiotherapy (EBRT) and high-dose-rate (HDR) intracavitary
brachytherapy (ICR) with curative intent. EBRT was delivered to

the whole pelvis using a 3-dimensional conformal radiation therapy
(3D-CRT) 4-field box technique (1.8 Gy daily fractions, five times
a week; total dose, 45 Gy). Extended-field radiotherapy, including
the pelvis and paraaortic nodal area, was delivered to patients with
paraaortic nodal involvement. A parametrial boost of 10 Gy in five
fractions was additionally given to patients with parametrial
involvement. HDR ICR was initiated after the delivery of an EBRT
dose of 39.6 Gy. ICR was delivered twice a week in five fractions
with a fractional dose of 6 Gy at point A. Cisplatin-based CCRT
regimens included weekly cisplatin (40 mg/m2), OMP (vincristine
1 mg/m2 + mitomycin 10 mg/m2 + cisplatin 75 mg/m2) or CP
(cyclophosphamide 500 mg/m2 + cisplatin 50 mg/m2). The first
course of cisplatin was administered on day 1 of radiotherapy.

Evaluation of the hematologic parameters. A routine blood
examination was performed before starting CCRT and after CCRT
(between 2 and 4 weeks after completion of chemotherapy).
Hematological parameters included absolute white blood cell
(WBC) counts (AWC), absolute lymphocyte counts (ALC), absolute
neutrophil counts (ANC), absolute monocyte counts (AMC), and
absolute platelet counts (ACP). Neutrophil-to-lymphocyte ratio
(NLR) was calculated by dividing ANC by ALC. Monocyte-to-
lymphocyte ratio (MLR) and platelet-to-lymphocyte ratio (PLR)
were similarly calculated. ∆NLR was defined as follows:
ΔNLR=pre-treatment NLR/post-treatment NLR. ΔMLR and ΔPLR
were defined similarly. 

Clinical follow-up. Patients were followed up with physical
examinations and Pap smears every 3 months for 2 years and then
every 6 months for the next 3 years. Chest radiography and imaging
studies, such as pelvic CT or positron emission tomography/CT,
were performed annually. Complete remission was defined as no
evidence of disease at 6 months after diagnosis. Failure was defined
as biopsy-proven recurrence or documentation of disease
progression on serial imaging studies. Disease-free survival (DFS)
was defined as the time from initial treatment to relapse noted on
images or in histologic examinations or as the time to the last
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Table I. Clinicopathological characteristics of patients.

                                                                                     Total                                   No recurrence                            Recurrence                          p-Value
                                                                                   (n=125)                                      (n=80)                                      (n=45)                                     

Age (years)                                                             53.67±13.23                              55.21±13.62                             50.93±12.18                           0.074
Histology                                                                                                                                                                                                                        
Squamous cell carcinoma                                       114 (91.2)                                  75 (60.0)                                  39 (31.2)                              0.248
  Adenocarcinoma                                                     10 (8.0)                                      5 (4.0)                                      5 (4.0)                                     
  Adenosquamous cell carcinoma                             1 (0.8)                                         0 (0)                                        1 (0.8)                                     
FIGO stage (n, %)                                                                                                                                                               
  IIB                                                                          106(84.8)                                   74 (59.2)                                  32 (25.6)                              0.037
  IIIA                                                                           3 (2.4)                                       3 (2.4)                                        0 (0)                                      
  IIIB                                                                           6 (4.8)                                       2 (1.6)                                      4 (3.2)                                     
  IIIC                                                                          10 (8.0)                                      1 (0.8)                                      9 (7.2)                                     
Primary tumor size (cm)                                         4.49±1.57                                  4.19±1.40                                 5.02±1.73                             0.004
Lymph node metastasis (n, %)                                                                                                                                            
  Pelvis                                                                      78 (62.4)                                   45 (36.0)                                  33 (26.4)                              0.083
  Paraaortic                                                               17 (13.6)                                     7 (5.6)                                     10 (8.0)                               0.055
SCC antigen (mg/ml)                                            18.87±34.53                              17.53±38.62                             21.14±26.41                           0.585

FIGO: International Federation of Gynecology and Obstetrics; SCC: squamous cell carcinoma. 



follow-up visit. Overall survival (OS) was defined as the period
from initial treatment to the last follow-up visit or the date of death.

Statistical analysis. The time to event was calculated as the time
interval from the date of diagnosis to the date of the first finding
suggesting disease recurrence on clinical or imaging examination.
The differences between subsets were evaluated with the Student’s
t-test, and differences between proportions were compared with the
chi-square test. To identify an optimal cutoff of hematologic
parameters for the prediction of recurrence and death, receiver
operating characteristics (ROC) curve analysis was performed. The
Kaplan–Meier method and the log-rank test were used in the survival
analysis of prognostic factors. The Cox proportional hazard model
was used to evaluate prognostic variables for univariate and
multivariate comparisons, and herein, an estimated hazard ratio (HR)
with 95% confidence intervals (CI) is presented. Statistical analyses
were performed using SPSS 21.0 for Windows (IBM Corporation,
Armonk, NY, USA), and p-values <0.05 were considered to indicate
statistically significant differences. 

Results 

Patient characteristics. The clinical characteristics of the 125
cervical cancer patients with stage IIB to IIIB disease who
received primary CCRT are summarized in Table I. One
hundred fourteen patients with squamous cell carcinoma

(91.2%), 10 patients (8.0%) with adenocarcinoma, and one
patient (0.8%) with adenosquamous cell carcinoma were
included in this study. The mean age was 53.67±13.23 years.

The mean tumor size was 4.49±1.57 cm. The mean SCC
antigen level was 18.87±34.53 mg/ml. FIGO stages were as
follows: 106 (84.8%) patients, IIB; three patients (2.4%),
IIIA1; six patients (4.8%), IIIA2; and 10 patients (8.0%),
IIIB. Seventy-eight (62.4%) patients had pelvic lymph node
metastasis, and 17 (13.6%) patients had paraaortic lymph
node metastasis. A total of 45 (36.0%) patients showed
disease recurrence, and 24 (19.2) patients died after a median
follow-up duration of 50 months (range=6-124 months)
(Table I). 

Pre-treatment and post-treatment hematological parameters.
There were no significant differences in the pretreatment
hematological parameters between the no-recurrence group and
the recurrence group; however, post-treatment hematological
parameters, including ALC (p=0.001), ANC (p<0.001), NLR
(p<0.001), MLR (p=0.002), PLR (p=0.002), ΔNLR
(p=0.009), and ΔMLR (p<0.001), showed differences between
the disease-free group and the recurrence group (Table II).
Post-treatment hematological parameters, including AWC
(p=0.043), ALC (p<0.001), ANC (p=0.006), NLR (p<0.001),
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Table II. Pre- and post-treatment hematological parameters of patients with or without recurrence.

Variable                                                                                            No recurrence                                         Recurrence                                  p-Value

                                                                                                            Mean±SD                                             Mean±SD                                         

Pre-CCRT hematological parameters
  WBC (103/μl)                                                                                 8.049±3.252                                         8.192±3.591                                  0.820
  Lymphocyte (103/μl)                                                                      1.812±0.559                                         1.872±0.757                                  0.610
  Neutrophil (103/μl)                                                                        5.547±3.009                                         5.657±3.163                                  0.848
  Monocyte (103/μl)                                                                         0.373±0.144                                         0.411±0.202                                  0.219
  Platelet (103/μl)                                                                           309.563±90.748                                  325.933±130.437                              0.458
  NLR                                                                                                3.782±4.989                                         3.336±1.983                                  0.567
  MLR                                                                                               0.238±0.201                                         0.243±0.129                                  0.869
  PLR                                                                                             193.632±114.668                                  192.811±88.747                               0.967
Post-CCRT hematological parameters
  WBC (103/μl)                                                                                 3.070±1.224                                         3.303±1.338                                  0.325
  Lymphocyte (103/μl)                                                                      0.690±0.342                                         0.451±0.194                                  0.001
  Neutrophil (103/μl)                                                                        1.857±0.800                                         2.465±1.179                                <0.001
  Monocyte (103/μl)                                                                         0.272±0.120                                         0.251±0.099                                  0.321
  Platelet (103/μl)                                                                           208.825±65.616                                   196.067±71.475                               0.314
  NLR                                                                                                3.056±1.571                                         6.121±3.095                                <0.001
  MLR                                                                                               0.453±0.247                                         0.636±0.337                                  0.002
  PLR                                                                                            365.766±205.864                                 497.817±255.480                              0.002
Change of hematological parameters 
  ΔNLR                                                                                             2.312±1.396                                         3.048±1.654                                  0.009
  ΔMLR                                                                                            1.185±0.900                                         2.243±1.344                                <0.001
  ΔPLR                                                                                              2.138±1.168                                         3.281±3.849                                  0.058

HR: Hazard ratio; CI: confidence interval; CCRT: concurrent chemoradiotherapy; NLR: neutrophil-to-lymphocyte ratio; MLR: monocyte-to-
lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; ΔNLR: pre-treatment NLR/post-treatment NLR; ΔMLR: pre-treatment MLR/post-treatment
MLR; ΔPLR: pre-treatment PLR/post-treatment PLR.



MLR (p=0.023), PLR (p=0.021), and ΔNLR (p=0.001),
showed significant differences between disease-free and
recurrence group survival or death group.

Cut-off value of metabolic parameters. The optimal cut-off
values for each hematological parameter were calculated
using the ROC curve. The ROC curves suggested that post-
treatment NLR was the best prognostic indicator of OS and
DFS. The areas under the curves (AUCs) of post-treatment
NLR were 0.830 for DFS and 0.842 for OS (Figure 1). 

Univariate and multivariate analyses for DFS and OS.
Univariate analysis revealed that tumor size, stage, paraaortic
lymph node metastasis, SCC level, pretreatment AMC and
PLR, post-treatment ALC, ANC, NLR, PLR and MLR,
ΔPLR, ΔNLR, and ΔMLR were significant predictors of
DFS. Multivariate analysis confirmed that elevated post-
treatment NLR (HR=3.643, 95%CI=1.701-7.802; p<0.001),
∆NLR (HR=3.024, 95%CI=1.343-6.809; p=0.008), ∆PLR
(HR=2.077, 95%CI=1.044-4.133; p=0.037), paraaortic lymph
node metastasis (HR=2.904, 95%CI=1.349-6.251; p=0.006),
and tumor size (HR=6.819, 95%CI=2.833-16.413; p<0.001)
were independent predictors of DFS (Table III). For OS, age,
tumor size, paraaortic lymph node metastasis, pretreatment
AWC, ALC, ANC, AMC, PLR, MLR and post-treatment
AWC, ALC, ANC, NLR, PLR, MLR, ΔPLR, and ΔNLR
were significant predictors in univariate analysis. In
multivariate analysis, only elevated post-treatment NLR

(HR=12.639, 95%CI=4.969-32.144; p<0.001) and tumor size
(HR=5.025, 95%CI=1.4846-17.008; p=0.010) were useful
markers in predicting OS (Table IV). 

Survival analyses. The patients were divided into two
subgroups according to cut-off values of the post-treatment
NLRs. The differences in DFS and OS outcomes between the
two subgroups are presented in Figure 2. 

Discussion 

In this study, we evaluated the prognostic value of pre- and
post-treatment hematological parameters in LACC patients
who were treated with definitive CCRT. Pre-treatment
hematological parameters were not associated with prognosis;
however, post-treatment hematological parameters, particularly
high NLR, were independent prognostic factors, which
predicted recurrence and death. 

Increasing evidence suggests that there is an association
between cancer progression and systemic inflammation (22).
Among variable inflammatory markers, NLR has been
frequently used as a prognostic factor in various tumors
during the last decade. The impact of high pre-treatment
NLR on poor prognosis in various cancers, including
cervical cancer, has been reported in a recent meta-analysis
(18, 23, 24); however, the significance of post-treatment
NLR after removing the tumor was still uncertain. Moreover,
to our knowledge, no study has reported on the prognostic
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Figure 1. Evaluation of post-treatment NLR as prognostic indicator using receiver operating characteristic (ROC) curves. A. Disease-free survival,
B. Overall survival.



value of post-treatment hematological parameters in cervical
cancer. Therefore, in this study, we focused on determining
the predictive significance of post-treatment hematological
parameters in patients with LACC. 

As hypothesized by Rudolf Virchow, there is a significant
relationship between inflammation and cancer (25). As the
relationship between NLR and survival is complicated, the
specific mechanism involved in the interaction between high
NLR and poor prognosis has not been completely defined.
Neutrophils are the dominant inflammatory cells in the blood
and are considered to be the primary source of vascular
endothelial growth factor, which plays a critical role in
tumor-related angiogenesis by inducing the release of
cytokines, chemokines, and granule proteins. This way,
neutrophils provide a favorable microenvironment for tumor
growth and progression (3, 22, 26). Conversely, lymphocytes
play an important role in the antitumor immunological

reaction, which may be associated with protection against the
development and progression of cancer (27, 28). High NLR
is caused by an increase in neutrophil count and/or a
decrease in lymphocyte count and indicates the development
of a favorable immune microenvironment for tumor
progression and metastasis which leads to a worse prognosis.

Although it is known that high pretreatment NLR is
associated with a poor outcome in various cancer types (6-
11, 18, 23), the relationship between post-treatment NLR
and prognosis has not been well defined. Recently, several
studies have reported that high post-treatment NLR is
associated with poor outcomes in patients treated by
radiotherapy due to locally advanced cancer (13-17). In a
study of oropharyngeal cancer wherein the patients had
been treated by radiotherapy, the ALC and NLR at 3
months after the initiation of radiotherapy were found to be
associated with DFS and OS (14). Furthermore, in another
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Table III. Univariate and multivariate analysis of factors affecting disease-free survival.

                                                                                                                                           Univariate                                             Multivariate

Variable                                                 Cut-off        AUC        p-Value          HR                95%CI             p-Value        HR             95%CI           p-Value

Age (years)                                              ≤66          0.565         0.216          1.937         0.914-4.106           0.085                                                        
Pathology                                                 AC                                                1.783         0.630-5.048           0.276                                                        
Tumor size                                                ≥4           0.641         0.006          2.844         1.565-5.167           0.001       6.819      2.833-16.413       <0.001
Stage                                                       >IIB                                               4.600         1.887-11.213          0.001                                                        
Pelvic LN metastasis                                                                                    1.674         0.924-3.033           0.089                                                        
Paraaortic LN metastasis                                                                             3.121         1.222-7.973           0.017       2.904       1.349-6.251          0.006
SCC antigen level                                 >10.8         0.601         0.072          2.748         1.448-5.216           0.002                                                        
Pre-CCRT hematologic markers
  WBC                                                   >7.75         0.509         0.872          1.117          0.623-2.004           0.711                                                        
  Lymphocyte                                           >5           0.516         0.773          1.426         0.797-2.561           0.231                                                        
  Neutrophil                                           ≤1.76         0.500         0.994          5.027         0.696-2.236           0.458                                                        
  Monocyte                                            >0.43         0.547         0.402          2.076         1.063-4.052           0.032                                                        
  Platelet                                                 ≤441         0.500         0.996          2.548         0.669-9.705           0.171                                                        
  NLR                                                    >3.04         0.501         0.992          1.264         0.697-2.290           0.440                                                        
  MLR                                                  >174.30       0.533         0.542          1.489         0.830-2.671           0.182                                                        
  PLR                                                     ≤3.85         0.546         0.413          2.582         1.324-5.037           0.005                                                        
Post-CCRT hematologic markers
  WBC                                                    >2.6          0.549         0.353          2.017         0.802-5.076           0.136                                                        
  Lymphocyte                                        >1.89         0.664         0.001          2.521         1.405-4.524           0.002                                                        
  Neutrophil                                           ≤0.52         0.748       <0.001          3.471         1.928-6.249        <0.001                                                         
  Monocyte                                            >0.48         0.559         0.256          1.580         0.346-7.214           0.555                                                        
  Platelet                                                 ≤159         0.540         0.467          1.702         0.865-3.351           0.124                                                        
  NLR                                                    >3.76          0.83        <0.001          7.339        3.960-13.602       <0.001        3.643       1.701-7.802          0.001
  MLR                                                  >356.60       0.682       <0.001          3.145         1.754-5.637        <0.001                                                         
  PLR                                                     ≤2.31         0.663         0.001          3.136         1.745-5.634        <0.001                                                         
Change of hematologic markers 
between pre-CCRT and post-CCRT
  ΔNLR                                                  ≤0.81         0.781       <0.001          4.613         2.554-8.332        <0.001        3.024       1.343-6.809          0.008
  ΔMLR                                                 ≤0.38         0.638         0.007          1.857         1.018-3.387           0.043                                                        
  ΔPLR                                                  >2.57         0.656         0.003          3.188         1.727-5.886        <0.001        2.077       1.044-4.133          0.037

CCRT: Concurrent chemoradiotherapy; NLR: neutrophil-to-lymphocyte ratio; MLR: monocyte-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio;
ΔNLR: pre-treatment NLR/post-treatment NLR; ΔMLR: pre-treatment MLR/post-treatment MLR; ΔPLR: pre-treatment PLR/post-treatment PLR. 



study of patients with head and neck cancer, post-treatment
NLR was reported to be superior to pretreatment NLR in
predicting recurrence and overall survival (17). In
esophageal (16) and locally advanced lung cancer (15),
high post-treatment NLR values have been associated with
decreased DFS and OS. Pretreatment NLR reflects the
baseline balance between pro-tumor and anti-tumor, while
post-treatment NLR can represent the status after tumor
removal, which would be expected to provide a more
precise indication of treatment efficacy and prediction of
recurrence and survival (17).

In contrast to previous studies (7, 8, 10-12), no significant
prognostic value of pre-treatment NLR was observed in our
study. In this study, however, we found that post-treatment
hematological parameters, particularly high post-treatment
NLR, were associated with poor DFS and OS in patients
with LACC who received definitive CCRT. To our

knowledge, this is the first study to evaluate the prognostic
significance of post-treatment NLR in patients with LACC
who have undergone definitive CCRT. Peripheral blood cell
counting is carried out routinely at a low cost during the
treatment and follow-up of cancer patients; thus, it is
considered a convenient and reproducible laboratory
parameter. Therefore, if the clinical significance of post-
treatment NLR is well defined, it can be a useful indicator
of poor prognosis and may suggest further adjuvant
treatment after definitive CCRT. 

The main limitations of this study are its retrospective
nature and the small sample size, which may have
contributed to selection bias. In addition, it is a single-center
study, and thus, the generalization of our findings is limited.
Therefore, further large, prospective, and multicenter clinical
studies are warranted to determine the significance of post-
treatment NLR. Despite these limitations, our study offers
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Table IV. Univariate and multivariate analysis of factors affecting overall survival. 

                                                                                                                                           Univariate                                             Multivariate

Variable                                                 Cut-off        AUC        p-Value          HR                95%CI             p-Value        HR             95%CI           p-Value

Age (years)                                              ≤49          0.639         0.031          2.566          1.115-5.904           0.027                                                         
Pathology                                                 AC                                                1.383         0.356-5.369           0.639                                                         
Tumor size                                              >4.4          0.636         0.036          2.973         1.331-6.641           0.008        5.025       1.485-17.008         0.010
Stage                                                       >IIB                                               3.086        0.923-10.323         0.067                                                         
Pelvic LN metastasis                                                                                    1.039         0.456-2.371           0.927                                                         
Paraaortic LN metastasis                                                                             3.467         1.006-11.952          0.049                                                         
SCC antigen level                                   >28            0.6           0.148          2.554         0.918-7.106           0.072                                                         
Pre-CCRT hematologic markers
  WBC                                                  >11.34        0.553         0.454          8.597        1.778-41.570         0.008                                                         
  Lymphocyte                                        >7.21         0.543         0.552          3.303         1.129-9.669           0.029                                                         
  Neutrophil                                           ≤1.61         0.529         0.676          2.368          1.018-5.511           0.008                                                         
  Monocyte                                            >0.33         0.629         0.041          2.970         1.322-6.673           0.004                                                         
  Platelet                                                 >389         0.545         0.526          2.073         0.812-5.290           0.127                                                         
  NLR                                                   >2.659        0.539         0.547          1.909         0.853-4.273           0.116                                                         
  MLR                                                 >174.270      0.557         0.386          3.784         1.613-8.874           0.002                                                         
  PLR                                                    ≤4.237        0.588         0.174          3.143         1.309-7.544           0.010                                                         
Post-CCRT hematologic markers 
  WBC                                                   >3.38         0.634         0.041          3.217         1.369-7.561           0.007                                                         
  Lymphocyte                                        >2.76          0.73        <0.001         12.206       4.109-36.252       <0.001             
  Neutrophil                                           ≤0.62         0.714       <0.001          3.840         1.695-8.699           0.001                                                         
  Monocyte                                            ≤0.31         0.572         0.266          1.180         0.484-2.874           0.716                                                         
  Platelet                                                 ≤259          0.53          0.652          2.448         0.964-6.215           0.060                                                         
  NLR                                                   >5.231        0.842       <0.001         28.720      10.631-77.589      <0.001       12.639     4.969-32.144       <0.001
  MLR                                                    >368         0.663         0.008          3.402         1.522-7.606           0.003                                                         
  PLR                                                    ≤2.235        0.687         0.001          4.257         1.907-9.504        <0.001                                                         
Change of hematologic markers 
between pre-CCRT and post-CCRT
  ΔNLR                                                ≤0.800        0.763       <0.001          5.519        2.463-12.365       <0.001                                                         
  ΔMLR                                                ≤0.580        0.579         0.195          1.627         0.706-3.749           0.254                                                         
  ΔPLR                                                 >1.824        0.618         0.047          3.016         1.280-7.107           0.012                                                         

CCRT: Concurrent chemoradiotherapy; NLR: neutrophil-to-lymphocyte ratio; MLR: monocyte-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio;
ΔNLR: pre-treatment NLR/post-treatment NLR; ΔMLR: pre-treatment MLR/post-treatment MLR; ΔPLR: pre-treatment PLR/post-treatment PLR.



some unique and significant findings. Unlike previous
studies, no significant prognostic value of pre-treatment
hematological parameters was observed. Furthermore, this is
the first study to reveal the prognostic significance of post-
treatment NLR in patients with LACC who were treated by
definitive CCRT.

Conclusion

In summary, our study demonstrated that high post-treatment
NLR is associated with poor DFS and OS in patients with
LACC who received definitive CCRT. The post-treatment
NLR is a convenient, simple, and reproducible hematological
parameter, and therefore, it can be used for identifying
patients at high risk of recurrence who may be benefit from
further treatment and close surveillance. 
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