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ABSTRACT

OBJECTIVE: The purpose of the study was to assess the effect of neutrophil-to-lymphocyte ratio (NLR) on recurrence and
survival in patients with Esophageal Squamous Cell Carcinoma (ESCC) undergoing surgery.

METHODS: This was a retrospective analysis of the 80 resectable ESCC patients who underwent surgery at Yuzuncu Yil
University Faculty of Medicine between 2008 and 2018. Receiver operator characteristics curve of NLR was plotted for dis-
ease-free survival (DFS). The area under the curve of NLR was 0.692 (p=0.008) with 65.2% sensitivity and 2.8 with 69.5%
specificity. Patients were divided into two groups based on the NLR as follows: NLR <2.8 and NLR >2.8.

RESULTS: Among 80 ESCC patients, 54 (65.5%) were female. The median age was 55 years (range, 26—77). The NLR was
<2.8 in 47 (58.7%) patients. Median DFS was 55 months in patients with NLR >2.8, whereas it was not reached in those with
NLR <2.8 (p=0.008), with corresponding overall survival (OS) durations of 71 months and not reached (p=0.027). Eastern
Cooperative Oncology Group performance score 2, presence of obstruction at diagnosis, lower 1/3 esophageal localization,
neoadjuvant treatment, and NLR >2.8 were found to be the factors related to survival.

CONCLUSION: The present study demonstrated that high pre-treatment NLR was associated with worse DFS and OS in pa-
tients with resectable esophageal cancer. We believe that pre-treatment NLR may help guide predicting treatment outcomes
in non-metastatic resectable ESCC patients.
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Esophageal cancer (EC) ranks the 8" amongall cancers
and is the 6™ cause of cancer-related deaths world-
wide. Esophageal squamous cell carcinoma (ESCC) and
esophageal adenocarcinoma (EAC) account for more
than 95% of all EC cases. As well as the decline in the
incidence of ESCC, the incidence of EAC has increased
dramatically over the past few years; however, ESCC still
dominates the ES landscape worldwide (1, 2].

At the time of diagnosis, 50—80% of EC patients have
locally advanced or metastatic disease. Surgical resection
for non-metastatic EC is the basis of curative treatment.
Current advances in perioperative treatments, staging
methods, and surgical management have improved mor-
tality and morbidity associated with EC. However, de-
spite new advances in diagnostic and therapeutic strate-
gies, patients still have poor prognosis [3, 4].

Received: May 16, 2020 Accepted: June 09, 2020 Online: October 19, 2021

Dahiliye Anabilim Dali, Van, Turkey.

Correspondence: Aysegul SAKIN, MD. Van Saglik Bilimleri Universitesi, Van Egitim ve Arastirma Hastanesi,

Tel: +90 432 215 15 46 e-mail: mdaysegulsakin@gmail.com
© Copyright 2021 by Istanbul Provincial Directorate of Health - Available online at www.northclinist.com


https://orcid.org/0000-0002-8262-6570
https://orcid.org/0000-0002-5318-9981
https://orcid.org/0000-0001-9769-2565
https://orcid.org/0000-0001-6967-8352
https://orcid.org/0000-0002-7931-9078
https://orcid.org/0000-0003-2538-8569
https://orcid.org/0000-0002-6336-4747

436

NorTH CLIn ISTANB

Patients’ performance status and other clinical fea-
tures such as weight loss, tumor stage, tumor localization,
tumor grade, extent of surgical resection, pre-operative
chemoradiotherapy (CRT), and response to pre-opera-
tive CRT as well as molecular markers including vascular
endothelial growth factor, epidermal growth factor, and
p53 have been shown to have prognostic value in EC pa-
tients [5-7].

Systemic inflammatory response (SIR) is associated
with tumor development, apoptosis inhibition, and an-
giogenesis. In addition, SIR has been shown to be an
important factor, leading to tumor progression and me-
tastasis [8]. The neutrophil-to-lymphocyte ratio (NLR),
which is an inflammatory- and immunological-based
score, can be easily obtained by dividing the total neutro-
phil count (TNC) by the total lymphocyte count (TLC).
Its prognostic value has previously been investigated in a
variety of cancers such as lung, stomach, pancreas, hepa-
tocellular, colorectal, and ovarian cancer [9—11]. The aim
of this study was to investigate the relation of pre-treat-
ment NLR with recurrence and survival in operated

ESCC patients.

MATERIALS AND METHODS

Study Population

After analyzing the medical records of 430 EC patients
who were followed up and treated at the Department
of Medical Oncology, Yuzuncu Yil University Faculty
of Medicine from 2008 to 2018, a total of 80 patients
were included in the final analysis, excluding the patients
with the following criteria; age <18 years, benign or ma-
lignant hematologic disease, chronic or acute infection,
history of immunosuppressive drug use, non-squamous
histology (adenocarcinoma, undifferentiated, and small
cell carcinoma), unoperated patients, multiple primary
tumors, and cases with incomplete data (Fig. 1).

Data Collection

The demographic features including age, gender, co-
morbid disease (essential hypertension [HT], diabetes
mellitus [DM], chronic obstructive pulmonary disease
[COPD], chronic ischemic heart disease [CIHD], and
initial symptoms, e.g., obstruction, dysphagia, abdom-
inal pain, and weight loss), Eastern Cooperative On-
cology Group performance score (ECOG PS), tumor
localization (middle 1/3 vs. lower 1/3), tumor grade,
disease stage, neoadjuvant chemoradiotherapy (NA-

Highlight key points

e Esophageal cancer (EC) is the 6™ cause of cancer-related
deaths worldwide.

e At the time of diagnosis, 50—-80% of EC patients have locally
advanced or metastatic disease.

e The neutrophil-to-lymphocyte ratio (NLR), which is an inflam-
matory- and immunological-based score can be easily calcu-
lated by total neutrophil count and the total lymphocyte count.

e Systemic inflammatory response has been shown to be an im-
portant factor, leading to tumor progression and metastasis.

e High pre-operative NLR was associated with worse survival
in patients with ESCC.
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FIGURE 1. Patient selection for study; a flow diagram.

CRT), adjuvant treatment, recurrence and site of re-
currence, final status (dead or alive) of patients, and
initial laboratory data including carcinoembryonic
antigen (CEA), carbohydrate antigen 19-9 (CA19-
9), hemoglobin (Hb), TLC, total monocyte count
(TMC), TNC, and total platelet count (TPC), were
obtained from hospital medical records. In all patients,
we utilized the initial laboratory data which were ob-
tained after the first diagnosis. NLR was calculated
by dividing the TNC by TLC. The platelet-to-lym-
phocyte ratio (PLR) was found by dividing the TPC
by TLC. Patients were grouped according to ECOG
PS as 0-1 and 2. Tumor localization was classified
as middle 1/3 and lower 1/3. Tumor grade was cat-
egorized into two groups as good (1) + moderate (2)
and poorly differentiated (3). Receiver operator char-
acteristics curve of NLR was plotted for disease-free
survival (DFES). The area under the curve of NLR
was found to be 0.692 (95% confidence interval [CI]
=0.569-0.812, p=0.008) with 65.2% sensitivity and
2.8 with 69.5% specificity (Fig. 2). Patients were cat-
egorized into two groups according to NLR as NLR
<2.8 and NLR >2.8.
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FIGURE 2. Receiver operator characteristics curve of neutro-
phil-to-lymphocyte ratio for disease-free survival.

Statistical Analysis

Statistical Package for the Social Sciences 22.0 for Win-
dows software (Armonk NY, IBM Corp. 2013) was used
for all statistical analysis. Statistical alpha significance
level was accepted as p<0.05. Student’s t-test was con-
ducted if the numerical variable met the normal distri-
bution condition in two independent groups, whereas
Mann—Whitney U-test was performed when the nor-
mal distribution condition was not met. Comparison of
the rates in the groups was performed using Chi-square
analysis. Survival analysis was carried out using Kaplan—
Meier method. The determinative factors were examined
with Cox regression analysis. Forward stepwise model
was used for the factors with p<0.150 values determined
in univariate analysis. DFS was defined as the time peri-
od from the date of diagnosis until the date of recurrence
and overall survival (OS) were defined as the time inter-
val from the date of diagnosis until the date of death or
last follow-up.

RESULTS

Among 80 patients, 26 (32.5%) were male and 54
(65.5%) were female, with a median age of 55 years
(range, 26-77). There was HT in 12 (15.0%) patients,
DM in 3 (3.8%) patients, CIHD in 2 (2.5%) patients,
and COPD in 4 (5.0%) patients. Twenty-one (26.3%)
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FIGURE 3. Disease-free survival according to neutro-
phil-to-lymphocyte ratio.

patients were active smokers. Presenting symptoms
with a decreasing frequency were as follows; dys-
phagia (93.8), weight loss (23.8%), and obstruction
(13.8%). At the time of diagnosis, ECOG PS was 2
in 21 (26.3%) patients. The primary tumor was local-
ized in the lower third of the esophagus in 22 (27.5%)
patients. Fourteen (17.5%) patients had Grade 3 tu-
mor. NACRT was administered to 32 (40%) patients.
Twenty (25%) patients had pathological Stage IIT dis-
ease. At 37-month median follow-up time, recurrence
developed in 23 (28.8%) patients and 26 (32.5%) pa-
tients died (Table 1).

The NLR in 47 (58.7%) patients was <2.8, while it
was >2.8 in 33 patients. There was no remarkable dif-
ference between NLR groups (<2.8 vs. >2.8) in regard
to CEA, CA19-9, TMC, and TPC, whereas there was

statistically significant difference between the groups in

terms of TNC, TLC, Hb, and PLR (Table 2).

Patients with NLR >2.8 had mDFS of 55 months
(95% CI, 11.2-90.8) versus “not reached” in those with
NLR <2.8 (Log rank p=0.008) (Fig. 3), with corre-
sponding mOS of 71 months (95% CI, 12.1-136.0) and
“not reached” (Fig. 4) (Log rank p=0.027).

In univariate analysis, lower 1/3 localization (hazard
ratio [HR], 0.52, 95% CI, 0.45-0.92), NACRT (HR,
0.50, 95% CI, 0.18-0.95), Stage IIT disease (HR, 2.12,
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TABLE 1. Clinical and demographic data

Characteristics All patients (n=80) NLR <2.8 (n=47) NLR >2.8 (n=33) p
% % %
Gender 0.894
Male 32.5 31.9 33.3
Female 67.5 68.1 66.7
Age (Year)
Median (Min—max) 55 (26-77) 58 (32-77) 52 (26-74) 0.028
HT
Yes 15.0 17.0 12.1 0.752
DM
Yes 3.8 6.4 0.0 0.264
CIHD
Yes 2.5 2.2 3.0 0.664
COPD
Yes 5.0 8.5 0.0 0.139
Smoking
Yes 26.3 27.7 24.2 0.732
Dysphagia
Yes 93.8 93.6 93.9 0.953
Abdominal pain
Yes 12.5 8.5 18.2 0.304
Weight loss
Yes 23.8 29.8 15.2 0.130
Obstruction
Yes 13.8 12.8 15.2 0.754
ECOG-PS 0.391
0-1 73.8 70.2 78.8
2 26.3 29.8 21.2
Localization 0.585
Middle 2/3 72.5 70.2 75.8
Lower 1/3 27.5 29.8 24.2
Grade 0.137
1+2 82.5 76.6 90.9
3 17.5 23.4 9.1
Neoadjuvant
Yes 40.0 40.4 39.4 0.926
Stage 0.149
I+1I 75.0 80.9 66.7
11 25.0 19.1 33.3
Adjuvant treatment 0.012
Yes 13.2 4.7 24.2
Recurrence
Yes 28.8 17.0 45.5 0.006
Site of recurrence
Locoregional 30.4 0.0 46.7 0.040
Lung 8.7 0.0 13.3
Liver 26.1 50.0 13.3
Distant LN 34.8 50.0 26.7
Final status 0.011
Dead 32.5 21.3 48.5
Alive 67.5 78.7 51.5

CIHD: Chronic ischemic heart disease; DM: Diabetes mellitus; ECOG-PS: Eastern Cooperative Oncology Group Performance Score; HT: Hypertension; LN: Lymph node.
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TABLE 2. Laboratory data

Total NLR <2.8 NLR >2.8 p
Mean+SD Mean+SD Mean+SD
CEA 2.23+1.64 2.36+1.53 2.04+1.80 0.460
CA19-9 9.66+8.71 10.25+9.13 8.77+8.16 0.524
TNC 4784.67+2175.59 3789.78+1193.67 6260.96+2466.53 <0.001
TLC 1872.20+692.93 2147.60+641.78 1463.54+556.50 <0.001
TMC 526.36+20.36 507.82+165.83 553.87+243.18 0.326
Hb 13.31£1.95 14.02+1.39 12.25+2.19 <0.001
TPC 260.914.28+99.140.95 245.408.69+58.145.36 283.922.58+137.966.63 0.096
NLR 3.08+2.46 1.85+0.63 4.89+3.01 <0.001
PLR 158.62+93.81 121.59+38.94 213.57+121.65 <0.001

SD: Standard deviation; CA19-9: Carbohydrate antigen 19-9; CEA: Carcinoembryonic antigen; Hb: Hemoglobin; NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-
lymphocyte ratio; TLC: Total lymphocyte count; TMC: Total monocyte count; TNC: Total neutrophil count; TPC: Total platelet count; SD: Standard deviation.
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FIGURE 4. OS according to neutrophil-to-lymphocyte ratio.

95% CI, 1.91-4.91), and NLR >2.98 (HR, 2.98, 95%
CI, 1.26-7.05) were detected as the factors associated
with DES. However, multivariate analysis showed that
ECOG PS (HR, 2.99, 95% CI, 1.16-7.71), presence of
obstruction at diagnosis (HR, 3.25,95% CI, 1.13-9.32),
lower 1/3 localization (HR, 0.62, 95% CI, 0.42-0.85),
NACRT (HR, 0.58, 95% CI, 1.25-5.96), and NLR
>2.8 (HR, 5.44, 95% CI, 2.03—4.54) were found to be
the factors related to DFS (Table 3).

DISCUSSION

EC is a very aggressive disease with poor prognosis. Be-
sides TNM staging to determine patients at high risk for
recurrence, the identification of new markers augments
the chances of early diagnosis and intervention, providing
more favorable treatment outcomes. NLR can be easily
calculated through a simple hemogram analysis, which is
easy, affordable, and cost-effective blood test. The present
study investigated the relation of NLR with recurrence
and survival in non-metastatic ESCC patients treated with
curative surgery and concluded that both DES and OS
were significantly lower in patients with NLR >2.8, with
NLR >2.8 increasing the risk of recurrence by 5.4 times.

Systemic inflammation can contribute to tumor de-
velopment through some pathways such as genomic
instability, genetic mutations, and epigenetic modifi-
cation. Inflammation activates tissue repair responses
that induce the proliferation of premalignant cells and
ensure their survival, In addition, inflammation leads to
immunosuppression, resulting in formation of microen-
vironments through which malignant cells can survive.
Systemic inflammation also promotes metastatic spread
by stimulating angiogenesis [8]. Systemic inflammatory
markers such as NLR, which can reflect the inflamma-
tory status of patients, have been shown to predict mor-
tality and recurrence in various cancers in the previous
studies [9-13]. In a study of 295 curatively operated
EC patients, 75 of whom were ESCC, the cutoff value
for NLR was found to be 5 and patients with high pre-
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TABLE 3. Univariate and multivariate analysis for DFS

Characteristics Univariate analysis for DFS Multivariate analysis for DFS
HR 95.0% CI for HR p HR 95.0% CI for HR p

Age

Year 0.988 0.955-1.021 0.459
Gender

Female vs. male 0.703 0.304-1.626 0.410
ECOG PS

0+1vs. 2 1.810 0.764-4.282 0.177 2.991 1.160-7.713 0.023
HT

Yes vs. no 2.255 0.885-5.739 0.088
DM

Yes vs. no 0.945 0.568—4.321 0.440
CIHD

Yes vs. no 3.506 0.815-15.080 0.092
COPD

Yes vs. no 0.760 0.102-5.602 0.789
Smoking

Yes vs. ho 0.989 0.389-2.514 0.982
Dysphagia

Yes vs. no 1.961 0.902—4.649 0.466
Abdominal pain

Yes vs. no 1.727 0.584-5.104 0.323
Weight loss

Yes vs. no 1.434 0.584-3.522 0.431
Obstruction

Yes vs. no 2.391 0.877-6.517 0.088 3.252 1.134-9.323 0.028
Localization

Middle 2/3 vs. lower 1/3 0.526 0.452-0.927 0.045 0.623 0.427-0.859 0.042
Grade

3vs. 142 1.617 0.542—4.819 0.388
Neoadjuvant

Yes vs. no 0.506 0.187-0.951 0.017 0.585 0.207-0.952 0.011
Stage

IIT vs. I+11 2.121 1.916-4.910 0.019 2.541 1.258-5.968 0.001
CEA 0.875 0.573-1.334 0.534
CA19-9 0.962 0.898-1.301 0.272
TNC 1.000 0.999-1.002 0.155
TLC 1.000 0.999-1.000 0.516
TMC 0.999 0.997 0.481
Hb 0.892 0.726-1.094 0.273
TPC 1.000 0.999-1.001 0.836
NLR

>2.8vs. <2.8 2.983 1.260-7.055 0.013 5.445 2.081-4.547 0.001
PLR 1.002 0.997-1.005 0.383

DFS: Disease-free survival; HR: Hazard ratio; CI: Confidence interval; ECOG PS: Eastern Cooperative Oncology Group Performance Score; HT: Hypertension; DM: Dia-
betes mellitus; CIHD: Chronic ischemic heart disease; COPD: Chronic obstructive pulmonary disease; CEA: Carcinoembryonic antigen; CA19-9: Carbohydrate antigen
19-9; TNC: Total neutrophil count; TLC: Total lymphocyte count; TMC: Total monocyte count; Hb: Hemoglobin; TPC: Total platelet count; NLR: Neutrophil-to-lymphocyte

ratio; PLR: Platelet-to-lymphocyte ratio; vs.: Versus.
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operative NLR were shown to have worse OS and DFS
than those with low pre-operative NLR [12]. Duan et al.
(14] found that patients with high pre-operative NLR
had significantly worse tumor-specific survival and re-
currence-free survival rates than those with low pre-op-
erative NLR in ESCC patients who underwent curative
surgery, indicating that NLR had the most significant
predictive effect, particularly for patients with Stage
IITA disease. Similarly, Xu et al. [15] reported the cut-
off value for NLR to be 2.99 in their study with ESCC
patients and concluded that pre-operative NLR was sig-
nificantly associated with long-term prognosis, especially
in patients with lymph node metastasis and Stage II-1II
disease. However, Rashid et al. [16] reported that NLR
(cutoff; 3.5) was not associated with DFES in their study
including 294 EC patients, only 50 of whom were ESCC.

In our study, cutoff value of NLR for DFS was detect-
ed 2.8, with 65.2% sensitivity and 69.5% specificity. We
found no significant difference between NLR groups in
terms of disease stage and NACRT rates. Besides, the lo-
coregional relapse rate was significantly higher in the pa-
tients with NLR >2.8. Similar to the findings observed
in other studies, we showed that high pre-operative NLR
negatively affected both DFS and OS [12, 14, 15].

In the neoplastic process, neutrophilia can be ob-
served due to the granulocyte colony-stimulating fac-
tor produced by malignant cells. Moreover, myeloid
growth factors are produced as a part of paraneoplastic
syndrome, which can contribute to neutrophilia. Inter-
leukin-6 and tumor necrosis factor-a secreted by tumor
cells can also cause neutrophilia and therefore inflamma-
tion. In addition, a significant decrease in CD-4 helper
lymphocytes and increase in CD-8 suppressor lympho-
cytes represent a depression in natural cellular immunity.
For many types of cancer, lymphocytopenia indicates a
general immunosuppression condition, which seems to
affect survival. Depression in T-cell function can weaken
the tumor-specific response [17-21]. These mechanisms
above may explain, albeit partially, how NLR affects on-
cological results.

The strengths of our study were as follows; *follow-up
period was relatively longer, *unlike other studies, only
ESCC patients were included, *NLR groups were ho-
mogeneous (16, 12], and *comorbidities and presenting
symptoms were also analyzed. However, our study was
designed as a retrospective and single-center study. In ad-
dition, our study was conducted in an area where ESCC
is endemic; we, therefore, do not know how these condi-
tions affect our results.

Conclusion

This study revealed that high pre-operative NLR was
associated with worse DFS and OS in patients with
ESCC. The determination of NLR is pretty simple, cost
effective, and easily available in daily oncological practice.
Based on the findings mentioned above, we believe that
pre-treatment NLR can provide important information
to predict treatment outcomes in non-metastatic opera-

ble ESCC patients.
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