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Abstract
Background Neoadjuvant chemoradiotherapy (nCRT), followed by surgery, is the current standard of care for patients with
locally advanced esophageal squamous cell carcinoma. However, up to 30% of the patients do not respond to nCRT. Hence, a
simple, cost-effective marker to predict response before initiation of nCRT is needed. Neutrophil-to-lymphocyte ratio (NLR) has
been reported as a prognostic marker in various cancers. However, its role as a predictivemarker in patients with esophageal SCC
planned for nCRT has not been prospectively analyzed.
Materials and Methods All consecutive patients with locally advanced (T1N1 and T2–T4a with or without nodal involvement)
SCC planned for nCRT (CROSS protocol) followed by esophagectomy with total two field lymphadenectomy between
December 2013 and December 2019 were included in this prospective analytical cohort study. NLR was calculated 1 week
before starting the nCRT and was correlated with the histopathological response [Mandard tumor regression grade (TRG)].
Results Of the 216 patients with esophageal cancer evaluated during the study period, 57 patients with SCC who fulfilled the
inclusion criteria were included. A good pathologic response (TRG 1 and 2) to nCRT was seen in 28 (49.1%) patients. Using a
ROC curve, the optimal cutoff value of pretherapy NLR for predicting good pathologic response was 2.33. With an NLR cutoff
value of 2.33, 53.3% of patients had a good pathologic response to nCRT compared with 47.6% patients with NLR ≥ 2.33 (P =
0.77).
Conclusion In patients with locally advanced esophageal SCC, NLR is not a useful marker to predict pathologic response to
nCRT.
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Introduction

Multimodality treatment involving neoadjuvant therapy
followed by surgery is the preferred approach for locally ad-
vanced esophageal cancer to reduce locoregional recurrence
and distant metastasis [1]. However, nearly one-third of eligi-
ble patients do not respond to neoadjuvant therapy. These
subsets of patients have a poor long-term outcome [1, 2].
Predicting response before initiation of neoadjuvant therapy

can spare nonresponders from treatment-related toxicity and
unnecessary delay in surgery. While multiple predictive bio-
markers are evaluated, the majority require complex assay and
not suitable for routine clinical practice [3, 4]. Hence, a sim-
ple, cost-effective marker to predict response before initiation
of neoadjuvant therapy is needed.

Interaction between cancer and inflammatory cells is in-
creasingly reported and neutrophil-to-lymphocyte ratio
(NLR) is the widely evaluated inflammatory marker that has
prognostic value in various cancer [5–8]. As neutrophil is a
primary source of vascular endothelial growth factor (VEGF),
neutrophilic infiltration of the tumor and an elevated NLR has
been postulated to promote tumor growth and distant metas-
tasis [9]. Recent meta-analyses have reported that high NLR
was associated with poor overall survival in patients with
esophageal carcinoma [10, 11]. However, its role in predicting
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response to neoadjuvant therapy has not been well studied. A
few studies that have analyzed the significance of NLR in
predicting response to neoadjuvant therapy have limitations
like retrospective study design, use of only chemotherapy as
the neoadjuvant therapy regimen, and inclusion of both ade-
nocarcinoma and squamous cell carcinoma (SCC) [12–14].
Since the publication of CROSS trial, neoadjuvant chemora-
diotherapy (nCRT) has been regarded as the standard treat-
ment of esophageal cancer, especially SCC of the esophagus
[15]. Also, recent studies have shown that neutrophil is not a
homogeneous population of cells; its subpopulation can have
both protumor and antitumor activity [16, 17]. These subpop-
ulations can show transition and their function is determined
by chemokines in the tumor microenvironment. As the pre-
dictive value of NLR has not been prospectively evaluated in
esophageal SCC, this study was conducted to determine
whether the pretreatment NLR is a predictive marker for the
pathologic response to nCRT.

Materials and Methods

A prospective study of patients with locally advanced SCC of
the esophagus eligible for nCRT followed by esophagectomy
with a total two-field lymphadenectomy during the study pe-
riod from December 2013 to December 2019 (Table 1). The
study was approved by the institute scientific advisory and
ethics committee. In patients with endoscopic biopsy-proven
SCC, the preoperative staging was done with contrast-
enhanced computed tomography (CT) neck, thorax, and ab-
domen. Till December 2018, positron emission tomography
(PET) was selectively performed in patients with T3/T4a tu-
mor and extensive regional lymphadenopathy. Since January
2019, PET was performed in all patients planned for nCRT.
Endoscopic ultrasound was not used for staging. In patients
who fulfilled the inclusion criteria, three sets of blood samples
on three consecutive days were withdrawn 1 week before
initiation of nCRT to determine the pretreatment absolute neu-
trophil and lymphocyte count. The NLR was calculated by
dividing the average neutrophil and the lymphocyte count
obtained from three samples. nCRT was given as per
CROSS protocol that includes 5 cycles of weekly administra-
tion of carboplatin and paclitaxel and concurrent radiotherapy
(41.4 Gy in 23 fractions, 5 days per week) [15]. The clinical
response to nCRT was assessed by improvement in dysphagia
(Takita’s dysphagia grade) [18]. Response assessment CTwas
done after 4–6 weeks and surgery was done 6–12 weeks after
completion of nCRT. The radiological response was evaluated
using response evaluation criteria in solid tumors (RECIST)
version 1.1 [19]. Demographic characteristics, clinical fea-
tures, endoscopic, and radiological findings of the patients
were noted at baseline and following nCRT.

The minimally invasive approach was used in all patients
included in the study. We have previously reported our tech-
nique of minimally invasive esophagectomy and the lymph
node stations removed in total two-field lymphadenectomy
[20]. Thoracic duct excision was selectively performed in pa-
tients with bulky anterior thoracic paraaortic (112aoA), left
recurrent laryngeal nerve (106 rec), and middle thoracic
(108) paraesophageal nodes as previously reported by us to
ensure total mediastinal lymphadenectomy [21]. The stomach
was used as a conduit in all patients and was pulled up through
posterior mediastinum for single stapled cervical
esophagogastric anastomosis. For histopathological examina-
tion, multiple (minimum ten) sections were examined from
the tumor area in patients without obvious residual tumor
and complete tumor tissue was studied in patients with resid-
ual tumor. Pathologic response was assessed according to
Mandard tumor regression grade (TRG) [22]. TRG 1 (com-
plete regression) suggests complete pathologic response (no
residual tumor cells); TRG 2 was characterized by the rare
residual cancer cells scattered through the fibrosis; TRG 3

Table 1 Eligibility criteria for inclusion in the study

Inclusion criteria

Patients with locally advanced (T1N1 and T2–T4a with or without
nodal involvement) squamous cell carcinoma planned for nCRT
followed by esophagectomy with total two-field lymphadenectomy
with the following:

Age 18 years or older and less than 75

Adequate hematological, renal, hepatic, and pulmonary functions as
defined by the following:

• Absolute neutrophil count (ANC) more than 1.5 × 109/L

• Platelet count > 100 × 109/L

• Total bilirubin less than1.5 × upper normal (< 1.8 mg/dL)

• Alanine aminotransferase (ALT) less than 2.5 × upper normal
limits (< 125 IU/L)

• Pulmonary: FeV1 > 1 l

• Renal (serum creatinine < 1.5 mg/dL or creatinine clearance
> 60 mL/min)

An ECOG performance status score of 2 or less

Exclusion criteria

• Patients with upper border of tumor within 5 cm from upper
esophageal sphincter

• Patients with adenocarcinoma

• Patients with active infection or treated for infection in the last 2 weeks

• Patients with autoimmune disorders

• Patients on steroids

• Women who are pregnant or lactating

• Previous radiotherapy to the area to be treated

• Previous chemotherapy

• Contraindication to nCRT treatment protocol

• Underwent non curative (R1 or R2) resection

• Patients with clinical evidence of metastatic disease
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was characterized by an increase in the number of residual
cancer cells, but fibrosis still predominated; TRG 4 showed
residual cancer outgrowing fibrosis; and TRG 5 was charac-
terized by absence of regressive changes. For analysis, TRG 1
and 2 are categorized as a good response (responders) and
TRG 3 to 5 is classified as a poor response (nonresponders).
The tumor was staged according to the eighth edition of TNM
classification (AJCC staging) [23]. Patients included in the
study before the publication of the eighth edition was restaged
as per the current classification.

The data was entered and analyzed in Statistical Package
for the Social Sciences (SPSS) version 19 (IBM, Armonk,
New York, USA). Normality of the data was assessed by
Shapiro-Wilk test. Quantitative variables were expressed as
mean ± standard deviation. Categorical variables were

summarized as proportions. A receiver operating characteris-
tic (ROC) curve was plotted to determine the optimal cutoff
value of preoperative NLR that predicts a pathologic response
to nCRT. The association of NLR to pathologic response was
assessed by the McNemar test. Analyses involving quantita-
tive variables were done with student’s t test. Categorical var-
iables were compared using chi-square test. All statistical
analysis was carried out at 5% level of significance and P
value < 0.05 was considered as significant.

Results

During the study period, 216 patients with esophageal cancer
were evaluated. Of them, 57 patients who fulfilled the

Fig. 1 Flowchart of patient
allocation in the study
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inclusion criteria were included in the study (Fig. 1).
Chemotherapy related complications precluded completion
of nCRT in 16 patients and three patients died of
chemotherapy-related toxicity. Thirteen patients could not
complete nCRT due to lack of family support (noncompli-
ance), and six patients had disease progression due to delay
in the initiation of nCRT. Eight patients refused to undergo

definitive surgery due to significant symptom relief. The de-
mographic profile and clinicopathological features of 57 pa-
tients included in the study are summarized in Table 2. Ten
patients who had signs of lower respiratory tract infection
were treated with antibiotics and blood samples for determi-
nation of NLR were taken after the resolution of symptoms.
The mean (± SD) total leukocyte count of patients before ini-
tiation of nCRT was 8560.18 (3123) cells/mm3. The mean (±
SD) baseline lymphocyte count was 1978 (748.63) cells/mm3.
Only one patient had lymphocytopenia of less than 1000 cells/
mm3. The mean (± SD) pretherapy NLR was 3.02 (1.15) and
ranged between 1.44 and 7.87.

Of the 42 patients with high-grade dysphagia (Takita’s
grades III–VI), 24 patients had symptomatic improvement
(Takita’s grades I–II) after nCRT. Radiological response
(complete and partial) was observed in 41 (71.9%) patients.
The mean (± SD) interval between completion of nCRT and
esophagectomy was 62 (31) days. Of the 57 patients, 28
(49.1%) patients had a good pathologic response to nCRT.
Using a ROC curve, the optimal cutoff value of pretherapy
NLR for predicting good pathologic response was 2.33
(Fig. 2). With the NLR cutoff value of 2.33, 53.3% of patients
had a good pathologic response to nCRT compared with
47.6% patients with NLR ≥ 2.33 (Table 3). On univariate
analysis, age, gender, differentiation, location of the tumor,
total leukocyte count, NLR, and post-nCRT duration did not

Table 2 Demographic, clinical, and pathological features of patients
with squamous cell carcinoma included in the study (n = 57)

Parameter Value

Age (mean ± SD), years 53.6± 11.5

Sex (male: female) 1.3:1

BMI (mean ± SD), Kg/m2 17.3± 3.9

Symptoms at presentation, n (%)

Dysphagia 57 (100)

Loss of appetite 40 (70)

Loss of weight 49 (86)

Cough 10 (18)

Chronic smoking, n (%) 19 (33.3)

Chronic alcohol intake, n (%) 23 (40.4)

ECOG* performance status, n (%)

One 34 (59.6)

Two 23 (40.4)

Location of tumor, n (%)

Upper thoracic 8 (14.0)

Middle thoracic 24 (42.1)

Lower thoracic 25 (43.9)

Clinical TNM stage, n (%)

Stage II 13 (22.8)

Stage III 42 (73.7)

Stage IVa 2 (3.5)

Grade of tumor, n (%)

Well differentiated (G1) 9 (15.8)

Moderately differentiated (G2) 35 (61.4)

Poorly differentiated (G3) 13 (22.8)

Postneoadjuvant therapy (ypTNM) stage, n (%)

T0N0M0 (stage I) 20 (35.1)

T1N0M0 (stage I) 8 (14.0)

T2N0M0 (stage I) 3 (5.3)

T3N0M0 (stage II) 4 (7.0)

T0N1M0 (stage IIIA) 8 (14.0)

T1N1M0 (stage IIIA) 1 (1.8)

T2N1M0 (stage IIIA) 2 (3.5)

T3N1M0 (stage IIIB) 7 (12.3)

T2N2M0 (stage IIIB) 2 (3.5)

T3N2M0 (stage IIIB) 1 (1.8)

T4N2M0 (stage IVa) 1 (1.8)

*ECOG—Eastern Co-operative Oncology Group

Fig. 2 Receiver operating characteristic (ROC) curve identified an
optimal neutrophil-to-lymphocyte ratio (NLR) cutoff value of 2.33 for
predicting pathologic response with a sensitivity of 78% and specificity
of 37.5%. Area under curve = 0.515
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show any statistically significant difference between patholog-
ic responders and nonresponders (Table 4). However, early
clinical stage tumors had a statistically significant better re-
sponse rate when compared with the advanced-stage tumor.

Discussion

The results of the present study suggest that NLR does not
predict pathologic response to nCRT in patients with locally
advanced SCC of the esophagus. In the CROSS trial, the
pathologic response rate was more in SCC compared with
adenocarcinoma [15]. Also, the clinical response does not
correlate with the pathologic response rate [20]. Hence,
nCRT, followed by surgery, has been regarded as a standard
of care even in patients with apparent complete clinical re-
sponse. However, one-third of eligible patients have a poor
response to nCRT. In the present series, 78% of patients had
clinical stage III/IV tumors. In post-nCRT, 38% of patients
had stage III/IV tumors. In this subset of patients with poor
response, nCRT is detrimental due to its toxicity and undue
delay in surgery. Despite the better safety profile of the
CROSS regimen, 16 out of 112 eligible patients experienced
severe nCRT-related complications underscoring the need for
appropriate patient selection. Hence, numerous clinical, bio-
chemical, and molecular predictive markers have been evalu-
ated to tailor therapy in an individual patient with esophageal
cancer [3, 4]. Molecular markers, although promising, require
an expensive and labor-intensive analysis. Hence, there is a
need to identify a simple marker that can be derived from
routine preoperative investigations.

Inflammatory markers are known to influence tumor pro-
gression and NLR is the widely studied inflammatory marker
[16, 17]. High NLR is associated with poor overall survival in
various cancers like colorectal cancer, gastric cancer, ovarian
cancer, and breast cancer [5–8]. Two recent meta-analyses in
esophageal cancer reported that elevated NLR is a poor prog-
nostic factor adversely affecting overall and disease-free sur-
vival [10, 11]. The protumor effects of neutrophilic activation
are due to the production of VEGF and cytokines like IL-6 and
TNF that promote tumor growth and metastasis [9]. Also,
neutrophilic infiltration of the tumor is known to interfere with
T cell activation and function of natural killer cell by the
production of reactive oxygen species and enzymes such as
arginase 1 [17].

In contrast to its prognostic role, the role of NLR in
predicting response to nCRT has not been well studied.
Miyata et al. retrospectively analyzed 152 patients with esoph-
ageal cancer who underwent surgery after neoadjuvant che-
motherapy [12]. There was no significant relationship be-
tween response to chemotherapy and NLR. However, Sato
et al., in their retrospective study, observed 56% pathologic
response in patients with an NLR of < 2.2, compared with
21% in patients with an NLR ≥ 2.2 (P = 0.001) [13].
Recently, Powell et al. reported that esophageal adenocarci-
noma patients with NLR > 2.25 had poor pathologic response
[14]. The conflicting results in the published studies could be
due to retrospective study design, the inclusion of patients
with SCC and adenocarcinoma, heterogeneity in the neoadju-
vant treatment regimen, and the surgical approach. As neutro-
phils and lymphocytes are easily influenced by infections and
inflammation, it is challenging to control these confounding

Table 4 Univariate analysis of
variables for the pathologic
response to nCRT in patients with
locally advanced SCC of the
esophagus (n = 57)

Variable Responders
(n = 28)

Nonresponders
(n = 29)

P
value

Age, mean ± SD 51.2 ± 11.46 56.3 ± 9.36 0.12

Gender (male/female), n 16/12 16/13 1.00

Level of growth (upper/middle/lower thoracic), n 3/10/15 5/14/10 0.34

Pre-nCRT serum albumin (gm/dL), mean ± SD 3.5 ± 0.18 3.4 ± 0.52 0.74

Pre-nCRT white blood cell count (cells/mm3), mean ± SD 8505 ± 2861 8768 ± 3440 0.71

Pre-nCRT neutrophil-lymphocyte ratio (NLR), mean ± SD 2.9 ± 1.1 3.1± 1.3 0.52

Clinical stage (II/III/IVa), n 10/18/0 3/24/2 0.02

Grade of tumor (G1/G2/G3), n 4/18/6 5/17/7 0.90

Interval between completion of nCRT and esophagectomy
(days), mean ± SD

56.5 ± 20.1 67.1± 25.5 0.16

Table 3 Prediction of the
pathologic response using the
pretreatment neutrophil-
lymphocyte ratio (NLR)

NLR Number of patients, n Responders, n (%) Nonresponders, n (%) P value

NLR < 2.33 15 8 (53.3) 7 (46.7) 0.77
NLR ≥ 2.33 42 20 (47.6) 22 (52.4)
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factors in a retrospective study. In the present series, 18% of
patients had evidence of respiratory tract infection at presen-
tation and only blood samples taken after control of active
infection were included for the analysis. Also, in contrast to
the present series, timing of blood samples for NLR determi-
nation in relation to nCRT was not uniform in the previously
reported studies. Only patients who underwent esophagecto-
my with a total two-field lymphadenectomy were included in
the analysis to determine true pathologic complete response.
As previously reported, patients with a complete response of
the primary tumor can still have lymph node metastasis and
prognosis in these patients is poor compared with patients
with true complete pathologic response [20]. Hence, in the
present AJCC tumor staging patients with ypT0N1 tumor is
classified as stage III disease [23]. As the recurrent laryngeal
group of lymph nodes is an important site of metastasis in
patients with SCC, its dissection is essential for accurate stag-
ing and determination of true pathologic response [24].

The conflicting results of the studies correlating NLR to the
response to neoadjuvant therapy in patients with esophageal
cancer could be explained by recent research, which suggests
that neutrophils play both pro- and antitumor role in the cancer
microenvironment [17]. The neutrophils can be divided into
N1 antitumor and N2 protumor subpopulation. Antitumor ef-
fects are mediated by Granzyme B and MET signaling [25,
26]. These subpopulations can show transition and their func-
tion is determined by chemokines in the tumor microenviron-
ment. Also, whether serum levels of neutrophils and lympho-
cytes reflect their levels in the tumor microenvironment is not
clear. Hence, the role of the systemic inflammatory response
and inflammatory markers like NLR in determining response
to nCRT requires further research.

The limitation of the present study is the small sam-
ple size. Despite the limitation, this is the first study to
prospectively analyze the role of NLR in predicting re-
sponse to nCRT in patients with locally advanced SCC
of the esophagus. The strengths of the study are stan-
dardized sample collection for calculation of NLR, use
of uniform nCRT protocol, the inclusion of single his-
tological type (SCC), uniform surgical approach, and
extent of lymphadenectomy. Although NLR is proposed
as an exciting and inexpensive predictive marker, the
results of the present study suggest that it is not a reli-
able marker to predict pathologic response to nCRT in
patients with SCC of the esophagus. The results of the
present study highlight the importance of prospective
study design in determining the role of NLR in patients
with esophageal cancer.
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