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Abstract: Objectives: Esophageal cancer ranks among the most prevalent malignant tumours. Numerous studies
have established the neutrophil-to-lymphocyte ratio (NLR) as a pivotal inflammatory biomarker in tumour devel-
opment and progression. Methods: This meta-analysis reviewed literature from PubMed, Embase, Cochrane and
Web of Science to elucidate the prognostic value of NLR in esophageal cancer patients. We analyzed 33 research
cohorts from 32 articles, encompassing 10,089 patients. Results: Our findings indicate that elevated NLR corre-
lates with poor overall survival (0S), disease-free survival (DFS), and cancer-specific survival (CSS)/disease-specific
survival (DSS). In patients who received neoadjuvant therapy before surgery, had a blood sample taken within one
to two weeks, and were younger than 60 years, NLR demonstrated a stronger predictive value for 0S. NLR also
showed high prognostic value for DFS across different pathological subtypes, irrespective of neoadjuvant therapy or
study site. Japanese male patients with high NLR exhibited worse CSS/DSS. Conclusion: NLR is a reliable prognostic
marker for patients with resectable esophageal cancer.
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Introduction

In 2018, 18.1 million new cancer cases were
diagnosed globally, resulting in 9.6 million
cancer-related deaths. Esophageal cancer ac-
counted for 572,000 of these new cases, rais-
ing its incidence rank from eighth to seventh
[1]. Despite significant advances in diagnosis
and treatment of esophageal cancer in recent
years, the late onset of typical clinical symp-
toms often leads to delayed presentation, rapid
disease progression, high recurrence rates and
poor prognosis.

There is mounting evidence of a strong causal
relationship between inflammation and cancer.
Inflammation affects all aspects of tumori-
genesis and development, either promoting
or inhibiting tumour progression, angiogenesis
and metastasis, suppressing tumour immunity

and affecting response to systemic therapy
[2-5].

Recent insights into the interplay between in-
flammatory responses and tumours, coupled
with the accessibility of peripheral blood sam-
ples, underscore the value of peripheral blood
in reflecting the body’s inflammatory state. This
is particularly evident in inflammatory cell ra-
tios such as the neutrophil-to-lymphocyte ratio
(NLR), platelet-to-lymphocyte ratio (PLR) and
lymphocyte-to-monocyte ratio (LMR). Numerous
clinical studies have examined the relationship
between systemic inflammatory response indi-
ces and the prognosis of various solid tumours
[6-15].

Elevated neutrophil levels are frequently ob-
served in patients with advanced cancers,
including melanoma, renal cancer and lung
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cancer, and are typically associated with a poor
prognosis [16-19]. Recent extensive research
has demonstrated that the neutrophil-to-lym-
phocyte ratio (NLR) is a valuable marker for
assessing the prognosis of malignant tumours
and the efficacy of different treatments [7, 20,
21].

In several cancers, including hepatocellular
carcinoma, non-small cell lung cancer, colorec-
tal cancer, breast cancer and gastric cancer,
high NLR levels correlate with lower survival
rates and poor treatment response [19].

The prognosis of esophageal cancer patients is
influenced by multiple factors, such as lifestyle
habits [22], age [23], clinical symptoms [24],
pathological conditions (including lymph node
metastasis, tumour size, tumour invasion depth
and distant metastasis) [25, 26] and molecular
biological markers (such as heat shock pro-
tein2 and cyclin D1) [27, 28].

This study aims to synthesize the existing clini-
cal research to further investigate the impact
of NLR on the prognosis of resectable esopha-
geal cancer patients and to evaluate the fea-
sibility of using NLR as a prognostic indicator
for patients treated with esophagectomy. This
study has been registered with PROSPERO
under ID: CRD42020207872.

Methods
Search strategy

We utilized a combination of subject terms and
free text keywords to search the PubMed,
Embase, Cochrane and Web of Science data-
bases for relevant studies, with a publication
cut-off date of 10 March 2023. Additionally, we
reviewed references from related articles and
topic reviews.

Inclusion criteria

The inclusion criteria for the literature were as
follows: (1) studies on NLR and prognosis of
esophageal cancer treated with esophagecto-
my; (2) all patients had a confirmed pathologi-
cal diagnosis of esophageal cancer; (3) the
studies categorized patients into two indepen-
dent groups based on NLR; and (4) the selected
prognostic indicators included overall survival
(0S), disease-free survival (DFS), disease-spe-
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cific survival (DSS), and cancer-specific sur-
vival (CSS), providing hazard ratios (HR) and
95% confidence intervals (95% Cl) or data from
survival curves.

Exclusion criteria

Exclusion criteria for the literature were as fol-
lows: (1) exclusion of inappropriate literature
types such as case reports, reviews, and con-
ference abstracts; (2) if multiple studies in-
cluded the same cohort, we selected the most
comprehensive study and excluded those with
fewer samples; and (3) exclusion of studies
with a sample size of less than 20 cases.

Data extraction

Two independent researchers (Lan LYU and Yu
Zhang) screened all studies identified by the
search and resolved any disagreements by dis-
cussion. Data extracted included first author,
publication date, sample size, patient sex, dis-
ease stage, treatment method, follow-up peri-
od, NLR cut-off, outcome indicators and their
HR and 95% ClI.

Quality assessment

The quality of the included studies was as-
sessed using the Newcastle-Ottawa Scale
(NOS). Studies with a NOS score of less than 5
were considered to be of low quality and were
excluded from the meta-analysis.

Statistical analysis

We combined HR and 95% Cl to assess the
effect of NLR on prognosis. Heterogeneity was
assessed by Q test and I test. In cases of sig-
nificant heterogeneity, a random-effects model
was used; otherwise, a fixed-effects model was
used. Subgroup and meta-regression analyses
were performed to further explore sources of
heterogeneity. Sensitivity analyses assessed
the stability of the combined results. Begg's
and Egger’s tests were used to detect publi-
cation bias. All statistical analyses were per-
formed using STATA 12.0.

Results
Study characteristics

Following the screening process, we included
33 research cohorts from 32 articles encom-

Int J Clin Exp Med 2024;17(10):152-166



Prognostic indicator of resectable esophageal cancer

Table 1. Main characteristics and result of the eligible studies

Median

Study Year Country Sample Gender Age (vear) ’\.“'R Histology Treatment Neoadjuvant Follow-up Cutoff Survivgl Stugy Method NOS
size (M/F)  (median, range) (time) treatment (median month) value analysis design score
Chen L 2019 China 107 104/3 55 (29-80) NA ESCC S No 65 2.5 0S, DFS Retro uv 6
FengJ 2020 China 372 284/88 59.3+8.0* NA ESCC S,C,R No NA 6 CSss Retro uv 6
Fu X 2019 China 357 279/78 57 (34-77) 1w ESCC S,C R NA 58 2.27 0s Retro uv 6
Han F 2018 China 354 267/87 NA NA ESCC, A, other S NA 43 1.88 0S, DFS Retro MV 7
HeY 2015 China 317 268/49 60 (37-77)* 1w ESCC S,C, R No NA 3.3 0S, DFS Retro MV 7
Gao Q 2018 China 153 128/25 61.93+6.72* 3d ESCC S,C, R No NA 2.1 0s Retro uv 6
GaoY 2019 China 468 376/92 59.5 (36-81) 5d ESCC S No 49.1% 2.27 0S, DFS Retro MV 7
Geng Y1 2018 China 542 416/126 54%* NA ESCC S,C R NA NA 1.5 0s Retro MV 7
Geng Y2 2018 China 374 280/94 51* NA ESCC S,C R NA NA 1.5 0s Retro MV 7
Hiraharal 2016 Japan 147 132/15 NA 1w ESCC S NA 42 1.6 0S, CSS Retro uv 6
Hirahara2 2016 Japan 148 132/16 NA NA ESCC S NA NA 3.5 CSS Retro uv 5
HuJ 2020 China 556 420/136 59 (28-84) 1w ESCC S NA 35 2.43 0S, DFS Retro MV 8
Ikeguchi 2016 Japan 84 73/11 66 (49-78) NA ESCC S,C C 35.5 3 DFS Retro MV 6
JiW 2015 China 41 38/3 56.6+7.2* NA ESCC S,C CRT 35 5 0S, PFS Retro MV 7
Keisuke 2015 Japan 283 248/35 NA NA ESCC S,C, R C,R 33.6 1.94 0S, CSS Retro MV 7
Miyazaki 2016 Japan 192 173/19 65.8 (42-86)* 2w ESCC S No 26.5* 3.49 0s Retro MV 6
Nakamura 2017 Japan 245 249/26 NA NA ESCC, A, other S,C,R NA 37.2 2.42 0S, DFS Retro MV 7
Jung 2015 Korea 119 112/7 63.64+8.42*% 1w ESCC S,C No 28.68 2.97 0S, DFS Retro uv 6
Sakai 2020 Japan 105 93/12 64.75 (42-81)* NA NA S,C R No NA 1.594 0s Retro uv 5
Sugawara 2020 Japan 378 321/57 NA NA ESCC, A, other S,C C 66.5 2.57 0s Retro MV 6
TanZ 2017 China 1135  888/247 58 (28-88) 2w ESCC S No NA NA 0s Retro MV 6
Wang Y 2017 China 129 85/44 60 (39-78) 1w ESCC, SCC S,C R No 67.5 2.97 0s Retro MV 7
Xiao Q 2016 China 121 106/15 62 (30-76) 1w BSCC S, Imun, C, R NA 28 1.77 0S, RFS Retro MV 7
Xie X 2014 China 317 244/73 58.1 (34-76)* 10d ESCC S, C No 46 2.1 DSS Retro MV 7
Xu G 2018 China 419 328/91 NA 1w ESCC S,C R No NA 2.998 CSS Retro MV 7
Yang Y 2018 China 515 418/97 61 (33-92) 2w ESCC S,C No 35 1.2 oS Retro MV 7
Yin N 2020 China 267 219/48 60 (44-79) 1w ESCC S,C No 36 NA 0s Retro MV 6
Yoon 2020 Korea 248 248/0 63.46+7.63* NA ESCC S,C, R CRT 26.3 NA 0s Retro uv 6
Zhang H 2018 China 655 537/118 61 (27-88) 2w ESCC S No 36 1.87 0s Retro MV 7
Zhao Q 2017 China 329 287/42 NA 1w ESCC S,C,R No 34 4 CSS Retro uv 6
Zhou S 2018 China 119 87/32 63 (46-78) 1w ESCC S,C,R NA 18 3.33 0s Retro MV 7
Ohaswa 2022 Japan 163 137/26 63.4+7.9% NA ESCC S,C R CRT NA 4.5 0S, PFS Retro MV 7
Powell 2021 UK 330 250/44 69 (62-74) NA A C C 60 2.5 0S, DFS Retro MV 7

NA: not available; M/F: male/female ratio; OS: overall survival, DFS: disease free survival; CSS: cancer specific survival; DSS: disease specific survival; 1/2 w: 1/2 week before treatment; 3/5/10 d: 3/5/10 days before treatment; ESCC:
squamous carcinoma; BSCC: basaloid squamous cell carcinoma; A: adenocarcinoma; SCC: small cell cancer; S: surgery; C: chemotherapy; R: radiotherapy; no: no neoadjuvant therapy; CRT: concurrent radiochemotherapy; MV: Multivariate
analysis; UV: Univariate analysis; *: mean age, + standard deviation or range; #: mean follow-up; Retro: retrospective study.
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Records identified through
database searching
(n=693 )

Additional records identified
through other sources
(n=5)

NLR and DFS

Significant heterogeneity was

Records after duplicates removed
(n=459 )

A

Records screened
(n=459 )

l

406 records excluded
(not relevant,n =361;
Reviews, letters,abstracts,c
ase reports or expert
opinions, n=45)

Full-text articles assessed
for eligibility
(n=53)

l

full-text articles
excluded(n=21 ):
-did not provide enogh
data to estimate the HR
and 95%Cl

observed between studies (1> =
80.3%, P < 0.001; H = 2.3,
95% Cl: 1.7-3.1). Therefore,
we used the random effects
model to combine effect sizes.
High NLR was associated with
shorter DFS (HR = 1.785, 95%
Cl: 1.380-2.308) (Figure 3),
and the results were statisti-
cally significant.

NLR and CSS/DSS

The combined effect size from
the random effects model sh-

owed that NLR was associated

Studies included in
quantitative synthesis
(meta-analysis)
(n=32)

Figure 1. Flow chart of the included studies.

passing 10,089 patients [29-60]. The Geng Y
study divided patients into two groups, which
we named Geng Y1 and Geng Y2. The patho-
logical type was esophageal squamous cell car-
cinoma (ESCC) in 26 research cohorts, mixed
ESCC and other types in five cohorts, adenocar-
cinoma in one cohort, and one cohort did not
specify the pathological type. Patients in seven
trials received neoadjuvant treatment, includ-
ing radiotherapy or chemotherapy. There were
27 study cohorts with overall survival (OS) as
an outcome measure, 9 with disease-free sur-
vival (DFS), and 6 with cancer-specific sur-
vival (CSS) or disease-specific survival (DSS).
Detailed information about the included trials
is presented in Table 1. The literature screen-
ing process is illustrated in Figure 1.

NLR and OS

Due to significant heterogeneity between stud-
ies (12 =49.1%, P < 0.01; H = 1.4, 95% CI: 1.1-
1.8), we used random effects models to com-
bine effect sizes. The combined hazard ratio
(HR) for the OS group was 1.349 (95% CI:
1.223-1.489) (Figure 2), indicating that higher
NLR was associated with poorer OS in patients
with esophageal cancer.
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with CSS/DSS (HR = 1.824,
95% Cl: 1.441-2.308) (Figure
4). Significant heterogeneity
between studies was observ-
ed (I>=45%, P=0.10; H= 1.4,
95% Cl: 1.0-2.1).

Heterogeneity and subgroup analyses

Meta-regression analysis was used to iden-
tify sources of heterogeneity. In the OS group,
sample size (P = 0.095), country (P = 0.502),
neoadjuvant therapy (P = 0.868), univariate or
multivariate analysis (P = 0.60), year of study (P
= 0.683), and NOS score (P = 0.204) were not
significant sources of heterogeneity. In the DFS
group, pathological type (P = 0.002) was a sig-
nificant source of heterogeneity, whereas cut-
off (P = 0.141), sample size (P = 0.159), sex (P
=0.453), country (P = 0.642), treatment modal-
ity (P =0.600), and NOS score (P = 0.314) were
not. In the CSS/DSS group, sample size (P =
0.398), sex (P = 0.376), cut-off (P = 0.848),
NOS score (P = 0.986), country (P = 0.957),
treatment (P = 0.654), and univariate or multi-
variate analysis (P = 0.619) were not significant
sources of heterogeneity.

Based on the meta-regression results, we fur-
ther explored heterogeneity through subgroup
analysis. When blood sampling occurred within
one or two weeks before treatment, the mean
or median age of patients was less than 60
years, or when neoadjuvant therapy was not
administered before surgery, the heterogeneity
between studies was low, and a high NLR was
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Study %
ID HR (95% Cl) Weight
Chen L (2019) —— 203(1.12,3.67) 2.15
Fu X (2019) —— 1.33(1.02,1.74) 5.60
Han F (2018) —— 2.08(1.28,3.38) 290
He Y (2015) —— 1.37(1.02,1.84) 5.13
Gao Q (2018) T 1.50(0.97,2.31) 3.34
Gao Y (2019) —— 1.40(1.07,1.81) 5.73
Geng Y 1 (2018) — 1.12(0.90, 1.39) 6.57
Geng Y 2 (2018) T 1.34 (0.99,1.82) 5.02
Hirahara1 (2016) T 1.63(0.95,2.80) 249
Hu J (2020) —_—— 1.37(1.03,1.81) 543
Ji W (2015) T * 3.50(1.18,10.39) 0.76
Keisuke (2015) —_— 1.84 (1.16,2.91) 3.12
Miyazaki (2016) - 1.20(0.85,169) 449
Nakamura (2017) [ o 3.61(1.57,829) 123
Jung (2015) —— 1.23 (1.05,1.44) 7.71
Sakai (2020) —1—|-0— 1.47 (0.69,3.13) 145
Sugawara (2020) —_—— 1.11(0.78,1.57) 4.36
Tan Z (2017) — 1.27 (0.99,1.62) 5.99
Wang Y (2017) -_—— 1.80(1.20,2.70) 3.67
Xiao Q (2016) — 2.03(1.26,3.26) 298
Yang Y (2018) - 148 (0.29,764) 035
Yin N (2020) - 1.01(0.71,142) 444
Yoon (2020) —— 097(0.81,1.16) 7.32
Zhang H (2018) _—— 0.94 (0.72,1.24) 553
Zhou S (2018) -_— 2.00(1.13,3.55) 2.26
Overall (I-squared = 49.1%, p = 0.003) 0 1.35(1.22,1.49) 100.00

NOTE: Weights are from random effects anallysis

[ [
5 1

I
2

Figure 2. Forest plot of the association between NLR and OS of all patients.

associated with poor OS. In the DFS group,
regardless of the pathological type of esopha-
geal squamous cell carcinoma, whether the
pathological type was undifferentiated, and
whether neoadjuvant therapy was adminis-
tered, a high NLR predicted poor prognosis wi-
th low between-group heterogeneity in studies
from China or Japan. In the CSS/DSS group,
studies conducted in Japan with a male-to-
female ratio greater than 7 and univariate anal-
ysis showed less heterogeneity, and NLR val-
ues were associated with CSS/DSS. Detailed
results of the subgroup analyses are shown in
Table 2.

Sensitivity analysis
Sensitivity analysis showed that excluding any

study in the OS group did not significantly

156

change the combined effect size, indicating low
sensitivity and stable results (Figure 5). Similar
results were obtained in the sensitivity analy-
ses for the DFS group (Figure 6) and the CSS/
DSS group (Figure 7).

Publication bias

Begg's test revealed significant publication
bias in the OS group (P = 0.002) (Figure 8),
while the DFS (P = 0.118) (Figure 9) and CSS/
DSS (P = 0.452) (Figure 10) groups did not
show significant publication bias. Eggers test
showed similar results: 0S (P < 0.001), DFS (P
= 0.017) and CSS/DSS (P = 0.837). To assess
the impact of publication bias in the OS group
on the meta-analysis results, we used the trim
and fill method. The combined effect size (ran-
dom: HR =1.204, 95% CI: 1.080-1.341) did not

Int J Clin Exp Med 2024;17(10):152-166
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Study %
D HR (95% Cl) Weight
i
1
Chen L (2019) _— 1.94 (1.16, 3.24) 9.60
|
|
Han F (2018) —_— 2.38 (1.47, 3.85) 10.05
I
|
He Y (2015) —— 1.29 (0.97, 1.71) 13.08
I
|
Gao Y (2019) —— 1.38 (1.06, 1.79) 13.36
1
|
Hu J (2020) N — 1.33 (1.01, 1.76) 13.12
1
1
Ikeguchi (2016) - 2.43 (1.09, 5.39) 6.20
I
|
Nakamura (2017) : 2.76 (1.51, 5.05) 8.34
1
|
Jung (2015) —— ! 1.19 (1.02, 1.40) 14.63
|
|
Powell (2021) ! ———%—— 3563(249,5.30) 11.61
Overall (I-squared = 80.3%, p = 0.000) <> 1.78 (1.38,2.31) 100.00
|
|
1
NOTE: Weights are from random effects analysis }
T
1 2
Figure 3. Forest plot of the association between NLR and DFS of all patients.
Study %
D HR (95% CI) Weight
i
Feng J (2020) S S 2.03(1.46,2.81) 2219
|
i
Hirahara 2 (2016) 1 1.37 (0.67,2.79) 849
i
1
Keisuke (2015) * 1.84 (1,06, 3.19) 12.46
|
Xie X (2014) - | 1.20(0.83,1.72) 2020
|
\ \
Xu G (2018) - - 265(1.55,453) 12.85
|
|
Zhao Q (2017) —‘I—O— 2.13(1.58,2.87) 23.82
|
Overall (I-squared = 45.3%, p = 0.104) 1.82(1.44,2.31) 100.00

NOTE: Weights are from random effects analysis

Figure 4. Forest plot of the association between NLR and CSS/DSS of all patients.

change significantly after adjustment for publi-
cation bias, suggesting minimal impact on the
OS group results. Similar conclusions were
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drawn for the DFS (Random: HR = 1.330, 95%
Cl: 1.001-1.768) and CSS/DSS (Random: HR =
1.824, 95% Cl: 1.441-2.308) groups.
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Table 2. Table of subgroup analysis results

0 Grouping No of Random-effect Fixed-effect Heterogeneity
utcome strategy studies HR (95% ClI) P HR (95% ClI) P 12 (%) Ph
0Ss NLR time
1 week 11 1.371(1.239-1.517) <0.001 1.354(1.237-1.482) <0.001 13.1 0.320
2 week 4 1.132(0.963-1.329) 0.132  1.132(0.963-1.329) 0.132 0 0.434
Age
>60 14 1.469 (1.211-1.782) <0.001 1.260(1.158-1.371) <0.001 75.4 <0.001
<60 8 1.317 (1.180-1.470) <0.001 1.132(1.182-1.455) 0 8.3 0.366
Neo therapy
No 12 1.271(1.146-1.409) <0.001 1.261(1.155-1.377) <0.001 17.3  0.274
Yes 6 1.902(1.163-3.109) 0.01 1.282(1.118-1.471) <0.001 88.3 <0.001
DFS Histology
ESCC 6 1.326 (1.167-1.506) < 0.001 1.304 (1.169-1.454) <0.001 16.4 0.308
ESCC + other 3 3.021 (2.313-3.945) <0.001 3.021(2.313-3.945) < 0.001 0 0.378
Neo therapy
No 4 1.297 (1.130-1.488) <0.001 1.281(1.136-1.443) <0.001 155 0.314
Yes 2 3.371(2.394-4.747) <0.001 3.371(2.394-4.747) <0.001 0 0.372
Country
Japan 2 2.633(1.626-4.266) <0.001 2.633(1.626-4.266) < 0.001 0 0.801
China 5 1.491 (1.231-1.806) <0.001 1.447(1.253-1.671) <0.001 383 0.166
CSS/DSS  M/F
>7 2 1.648 (1.066-2.547) 0.025  1.648(1.066-2.547) 0.025 0 0.519
<7 4 1.885 (1.385-2.566) <0.001 1.871(1.567-2.235) <0.001 64.4 0.038
Country
Japan 2 1.648 (1.066-2.547) 0.025  1.648(1.066-2.547) 0.025 0 0.519
China 4 1.885(1.385-2.566) <0.001 1.871(1.567-2.235) <0.001 64.4 0.038
Method
MV 3 1.741 (1.074-2.824)  0.024  1.600(1.229-2.082) <0.001 673 0.047
uv 3 2.008 (1.627-2.479) <0.001 2.008(1.627-2.479) < 0.001 0 0.532

Random-effect: random-effect models; Fixed-effect: fixed-effect models; HR: hazard ratio; 95% Cl: 95% confidence interval; Ph: P value of Q test
for heterogeneity test; OS: Overall survival; DFS: Disease free survival; 1/2 week: 1/2 week before treatment; Neo therapy: neoadjuvant therapy;
M/F: male/female ratio; ESCC: esophageal squamous-cell carcinoma; MV: Multivariate analysis; UV: Univariate analysis.
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Figure 5. Sensitivity analysis of the publication in the OS group.
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Our study demonstrated that
a high neutrophil-to-lympho-
cyte ratio (NLR) is a significant
predictor of poor overall sur-
vival (0S), disease-free sur-
vival (DFS) and cancer-spe-
cific survival/disease-specific
survival (CSS/DSS). Notably,
in patients younger than 60
who received neoadjuvant
therapy within one to two
weeks before surgery, NLR
showed superior predictive
accuracy for OS. For DFS, a
high NLR indicated a poor
prognosis, irrespective of the
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Meta-analysis random-effects estimates (exponential form)

Study ommited
Chen L | o

Han F | o

lkeguchi o

Nakamura | o

Jung o

Powell 1] |

for tumor development, with
the inflammatory response
being a key component [62].
Inflammatory cells are central
to this process as the TME
comprises numerous innate
immune cells, tumour cells,
surrounding matrix (fibrobla-
sts, endothelial cells, peri-
cytes and mesenchymal cells)
and regulatory immune cells
(T and B lymphocytes) [61,
62]. The TME is known to
inhibit tumor cell apoptosis,
facilitate immune escape,

127 138 1.78

Figure 6. Sensitivity analysis of the publication in the DFS group.

Meta-analysis random-effects estimates (exponential form)

Study ommited

Feng J

Hirahara 2

Keisuke

Xie X

XuG

Zhao Q
1.30 1.44 1.82

a1 D6 and promote proliferation,
' ' angiogenesis, invasion and
metastasis [3, 61, 62].

Neutrophils, the most abun-
dant inflammatory cells in the
peripheral blood, are essen-
tial for pathogen defense and
can enter various tissues
through the circulation [19].
However, prolonged neutro-
phil aggregation and activa-
tion can be harmful, as seen
in cancer-related inflamma-
tion. The antimicrobial and
immunomodulatory mediato-
rs produced by neutrophils
can alter the tissue microenvi-
ronment, ultimately promot-
ing tumor development, angio-
genesis, progression and me-

21 247 tastasis [63-65].

Figure 7. Sensitivity analysis of the publication in the CSS/DSS group.

pathological type, whether esophageal squa-
mous cell carcinoma, undifferentiated, or the
administration of neoadjuvant therapy. In
male patients from Japan, univariate analysis
revealed that elevated NLR levels correlated
with poor CSS/DSS.

Inflammation is pivotal at various stages of
tumour development, including initiation, pro-
gression, malignant transformation, invasion
and metastasis [61]. Tumor-associated inflam-
mation fosters an inflammatory microenviron-
ment that supports tumor growth by disrupt-
ing the homeostasis of surrounding tissues.
The tumour microenvironment (TME) is critical
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Lymphocytes are critical for

humoral and cellular immune
responses, possessing immune recognition
functions and regulating immune surveillance
through recombinant antigen receptors expres-
sion [66]. Tumour-infiltrating lymphocytes (TILs)
within the TME exhibit potent and specific anti-
tumour effects [67, 68]. Cytotoxic lymphocytes
(CTLs) can recognize specific antigens on the
tumour cell surfaces, initiating tumor immunity
and leading to targeted cell death [69, 70]. In
several tumour types, the presence of CD8+
CTLs in the TME is often associated with a
favorable prognosis and prolonged DFS [70].

Tumor cells recruit neutrophils into the tu-
mor microenvironment, where they differenti-
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Begg's funnel plot with pseudo 95% confidence limits

sion and metastasis by pro-
ducing neutrophil extracellular
traps (NETs) and secreting pro-
teolytic enzymes such as ser-
ine proteases and cathepsins,
which degrade the extracellu-
lar matrix [71-75]. N2 TANs

loghr
o
|

suppress immune responses
by inducing CD8+ T cell apop-
tosis through TNF-a and ni-
tric oxide (NO) pathways, ai-
ding immune evasion. Toge-
ther with granulocytic myeloid-
derived suppressor cells (G-

o
o

s.e. of: loghr

Figure 8. Begg funnel plot estimating the publication bias of the included

studies in the OS group.

Begg's funnel plot with pseudo 95% confidence limits

loghr
[9,]
|

w MDSCs), they inhibit CD8+ T
cell proliferation, undermining
anti-tumor immunity. Conver-
sely, tumor-infiltrating lympho-
cytes (TILs), particularly CD8+
T cells, play a crucial role in
anti-tumor immunity by secret-
ing interferon-gamma (IFN-y)
and tumor necrosis factor-al-
pha (TNF-a). CD4+ T cells sup-
port CD8+ T cells and natural
° Killer (NK) cells by activating

antigen-presenting cells (APCs)

through co-stimulatory mole-

©

cules and cytokines, such as
IL-12. They also maintain mem-
ory CD8+ T cells, ensuring sus-
tained immune surveillance
[75-78]. In certain contexts, T
cells may paradoxically pro-

T
0 A 2
s.e. of: loghr

Figure 9. Begg funnel plot estimating the publication bias of the included

studies in the DFS group.

ate into tumor-associated neutrophils (TANSs).
TANSs are classified into N1 and N2 phenotypes,
with N1 TANs exerting anti-tumor effects during
early stages and N2 TANs promoting tumor pro-
gression at later stages. N2 TANs facilitate
tumor growth by secreting matrix metallopro-
teinase-9 (MMP-9), which regulates oncogene-
induced keratinocyte hyperproliferation. Type |
interferon-deficient TANs, regulated by FOX03a,
stimulate angiogenesis and tumor growth.
TANs also enhance tumor cell motility and inva-
siveness by inducing epithelial-mesenchymal
transition (EMT) through CD9O-TIMP-1 signal-
ing. Additionally, TANs contribute to tumor inva-
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mote tumor progression. For
instance, Th9/Thl17 Ilympho-
cytes secrete IL-9 and IL-17,
which induce EMT in lung can-
cer cells, promoting tumor mi-
gration and metastasis. Acti-
vated platelets further contribute to distant
metastasis by forming protective thrombi
around circulating tumor cells, shielding them
from NK cell-mediated lysis. Tumor cells acti-
vate platelets via soluble mediators like ADP,
thromboxane A2 (TXA2), and tissue factor (TF),
triggering coagulation and subsequent platelet
activation [79-83]. Thus, an elevated NLR in
ESCC patients, indicative of increased neutro-
phils and/or decreased lymphocytes, reflects a
pro-tumorigenic inflammatory state and sup-
pressed adaptive immune response, correlat-
ing with poor prognosis, and highlighting its
potential as a therapeutic target.
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Begg's funnel plot with pseudo 95% confidence limits
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Figure 10. Begg funnel plot estimating the publication bias of the included

studies in the CSS/DSS group.

Numerous studies have shown that patients
with esophageal squamous cell carcinoma typi-
cally exhibit lower peripheral blood lymphocyte
counts, and higher platelet counts compared to
healthy individuals [51, 84]. Current theoretical
research suggests that relative neutropenia
and decreased lymphocyte counts are compo-
nents of a cancer-induced systemic inflamma-
tory response [85, 86]. This provides the theo-
retical basis for using NLR as an indicator of
tumors.

Sharaiha et al. [87] categorized NLR into two
groups: NLR < 5 and NLR > 5. No significant
differences were observed between these
groups in terms of age, sex, race, pathological
stage, pathological type, lesion location, tu-
mour differentiation, use of non-steroidal anti-
inflammatory drugs, and smoking history. The
only significant difference was in the use of
adjuvant therapy.

Xie et al. [51] reported differences in NLR levels
in esophageal cancer patients based on sex,
lymph node metastasis and tumor length. Feng
et al. [84] observed that both NLR and platelet-
lymphocyte ratio (PLR) varied with tumor size,
differentiation grade, invasion depth and lymph
node metastasis, with a significant positive cor-
relation between NLR and PLR.

The clinical significance of this study extends
beyond preliminary prognosis of esophageal
cancer based on NLR and includes the develop-
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ment of clinical treatment
strategies. Patients with higher
NLR may benefit from neoadju-
vant chemotherapy, neoadju-
vant radiotherapy and treat-
ments targeting tumor-related
anti-inflammatory responses.
However, these conclusions
require further validation.

Wang C et al. [72] identified
NLR as an independent pre-
dictor of treatment response
in patients with esophageal
squamous cell carcinoma (ES-
CC) undergoing concurrent
chemoradiotherapy. Sharaiha
RZ et al. [87] further discov-
ered that preoperative NLR
could serve as a potential

prognostic marker for recurrence and mortality
after esophagectomy. Additionally, studies by
Ohsawa M [88] and Huang Y [89] demonstrat-
ed that NLR is associated with lymph node
metastasis and clinical staging in esophageal
cancer. More recently, research by Al Lawati Y
[75] suggested that dynamic changes in NLR
levels may provide more prognostic information
for esophageal cancer patients than static
baseline values. However, most current re-
search focuses on the role of NLR in the prog-
nosis of esophageal cancer patients in general,
with limited attention to its specific relationship
with prognosis in patients with ESCC undergo-
ing surgical treatment. Given the significant
prognostic differences between ESCC patients
receiving surgical versus non-surgical treat-
ment, this study aims to further investigate the
prognostic value of NLR in ESCC patients
undergoing surgery.

Our study has several limitations: 1) despite the
inclusion of many studies, the predominance of
retrospective studies may introduce bias; 2)
most of the included studies were conducted in
Eastern countries, necessitating confirmation
with data from other regions; 3) we were unable
to perform subgroup analyses on tumour loca-
tion, differentiation and surgical approach due
to insufficient data; 4) the cut-off values for
NLR varied and an optimal cut-off value was
not determined; 5) the exclusion of non-English
documents may have introduced additional
bias.
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In conclusion, a high NLR is a significant risk
factor for poor OS, DFS and CSS/DSS in
patients with resectable esophageal cancer.
However, due to the aforementioned limita-
tions, further validation by large prospective
studies is necessary to confirm our conclu-
sions.
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