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Neutrophil-to-lymphocyte ratio after neoadjuvant
chemotherapy as an independent prognostic factor in
patients with esophageal squamous cell carcinoma
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Abstract. Studies have shown that neoadjuvant chemotherapy
(NAC) followed by surgical resection improves the survival of
patients with esophageal squamous cell carcinoma (ESCC),
and that the neutrophil-to-lymphocyte ratio (NLR) nay be
a prognostic biomarker in various types of cancer. Despite
the notable changes in the tumor and its microenvironment
during NAC, it remains unclear how the NLR changes and
which values (before or after NAC) best predict prognosis. The
present study aimed to analyze changes in the NLR before and
after NAC, and to determine which was a better prognostic
factor. This study retrospectively analyzed 338 consecutive
patients with ESCC who received NAC followed by curative
resection. NLRs before (pre-NLR) and after (post-NLR) NAC
were calculated, after which the impact of NAC on NLR,
overall survival (OS) and recurrence-free survival (RFS), as
well as the relationship between hematological toxicities and
NLR, was evaluated. Cutoff values for pre- and post-NLR
were 3.7 and 2.5, respectively. Patients with high post-NLR
had a worse OS (P=0.0001) and 3-year RFS (P=0.03) than
those with low post-NLR. Multivariate analysis identified
high post-NLR, pN1 and clinical response as independent
prognostic factors. In conclusion, post-NLR was revealed as
a better prognostic factor than pre-NLR for patients receiving
NAC followed by surgical resection.
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Introduction

Esophageal cancer ranks sixth in cancer deaths, with an
estimated 572,000 new cases and 509,000 deaths yearly
worldwide (1). Several studies have shown that preoperative
chemotherapy with cisplatin and 5-fluorouracil (CF) followed
by surgical resection improves survival from esophageal
squamous cell carcinoma (ESCC) (2-4) and that combination
chemotherapy comprising docetaxel, cisplatin, and 5-fluo-
rouracil (DCF) or Adriamycin, cisplatin, and 5-fluorouracil
(ACF) provides better outcomes compared to CF (5-8).

Currentevidence has revealed that inflammation is a critical
component of tumor progression (9). Failure in controlling the
immune system could therefore promote tumor progression.
Tumor cells and its surrounding microenvironment promote a
systemic inflammatory response that alter circulating neutro-
phil and lymphocyte counts. Accordingly, recent studies have
revealed the neutrophil-to-lymphocyte ratio (NLR), one of
the easily calculated marker of systemic inflammation (10),
can be a potential prognostic biomarker in various solid
tumors (11-15), with most studies agreeing with the correlation
between an increase in the NLR and worse prognosis.

The triplet regimens, ACF and DCF, have shown promise
for ESCC, exhibiting higher response rates but more frequent
severe hematological toxicities compared to conventional CF,
with DCF and ACF achieving histopathological tumor response
rates of 42 and 18%, respectively (5). Furthermore, Grade 3/4
leukopenia and neutropenia were observed in 72.5 and 90%
of patients receiving DCEF, respectively (16). Although these
findings suggest that the tumor and its surrounding micro-
environment change dramatically during chemotherapy (17),
it remains unclear whether NLR changes before and after
chemotherapy. Recently, Hoshino et al reported NLR change,
which was calculated NLR after NAC/NLR before NAC,
was identified as a significant prognosis predictor (18). In this
previous study, 209 patients who underwent NAC followed by
thoracic esophagectomy for esophageal cancer were enrolled,
DCF was performed 35 (16.7%) patients. The patients with
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NLR change below 0.55 had a significantly better Overall
survival (OS) and recurrence-free survival (RFS) than those
with NLR change above 0.55. However, no consensus has
been reached regarding which NLR value (i.e., before or after
chemotherapy) could better predict prognosis.

Up to our knowledge, the present study firstly aimed to
analyze changes in NLR during triplet chemotherapy and
surgical intervention in 338 consecutive ESCC patients and
to determine whether the NLR upon starting neoadjuvant
chemotherapy (NAC) (pre-NLR) or that upon subsequent
esophagectomy (post-NLR) would be a better prognostic
factor.

Materials and methods

Patients. This retrospective analysis included data from
441 consecutive patients who were histologically diagnosed
with primary thoracic ESCC and underwent esophagectomy
at Osaka University Hospital between 2010 and 2016. The
present report analyzed 338 patients retrospectively after
excluding patients who satisfied the following criteria: i) Had
previous or other concomitant cancers, ii) did not receive NAC,
ii) received neoadjuvant radiotherapy, iv) received noncurative
resection, and v) incomplete or inexhaustive follow-up data. All
clinicopathological data were retrieved from medical records
at Osaka University Hospital. The clinicopathologic findings
were classified according to the UICC-TNM Classification,
seventh edition (19).

Calculation of pre- and post-NLR. NLR was calculated as the
ratio of the number of neutrophils to the number of lympho-
cytes collected in a blood test. Each patient underwent NLR
counting twice (i.e., before and after NAC). Pre- and post-NLR
were calculated in 1-7 days before starting NAC and subse-
quently after esophagectomy, respectively.

Outcomes. OS and RFS were evaluated. OS was calculated
from the date of surgery until an event or last known date
of follow-up, whereas RFS was calculated from the date of
surgery until a recurrence event, death, or last known date
of follow-up, whichever occurred first. Moreover, clinical
and histopathological responses were assessed. Clinical
response was evaluated through computed tomography (CT)
and esophagoscopy based on the criteria of Japan Esophageal
Society (19). Briefly, complete response (CR) was defined as
the complete disappearance of all evidence of the tumor,
including negative biopsy results; partial response (PR) was
defined as a =50% decrease; stable disease was defined as a
<50% reduction and <25% increase; and progressive disease
was defined as a =25% increase. Responses were determined
after NAC. Histopathological tumor response was evalu-
ated according to the histological criteria of the Japanese
Esophageal Society (20) and was classified into five catego-
ries according to the proportion of tumor degeneration and
necrosis: Grade 3 (markedly effective; no viable cancer cells);
grade 2 (moderately effective; viable cancer cells accounting
for less than 1/3 of tumor tissue, while other cancer cells
showed severe degeneration or necrosis); grade 1 (slightly
effective; apparently viable cancer cells accounting for 1/3
or more of tumor tissue, but some evidence of degenerating

cancer tissue or cells was present), and grade O (ineffective;
denoting no discernible therapeutic effect on cancer tissue
or cells). Grade 1 lesions can also be subclassified into grade
la (viable cancer cells accounting for 2/3 or more of tumor
tissue) and grade 1b (viable cancer cells accounting for 1/3 or
more, but less than 2/3, of tumor tissue). Furthermore, hema-
tological toxicities occurring after triplet chemotherapy were
determined according to the Common Terminology Criteria
for Adverse Events (CTCAE) (21).

Treatment. All patients included in the present study were
treated with two or three cycles of NAC, ACF, or DCF.
ACF chemotherapy consisted of Adriamycin 35 mg/m? and
cisplatin 70 mg/m? on day 1 and 5-FU 700 mg/m?/day on
days 1-7 every 4 weeks (22). DCF chemotherapy consisted of
docetaxel 70 mg/m? and cisplatin 70 mg/m? on day 1 and 5-FU
700 mg/m?*/day on days 1-5 every 3 weeks (5-8). Our standard
procedure was subtotal esophagectomy performed via a right
thoracotomy or video-assisted thoracoscopic surgery with
two- or three-field lymphadenectomy (23,24).

Patient follow-up. Patients who undergo esophagectomy
at our institution were followed up through tumor markers
and CT scan every 3 months during the first 2 years and
every 4-6 months for the next 3 years, and annually after
5 years (23,25). Upper gastrointestinal endoscopy was also
performed once a year, with PET-CT being performed as
necessary. The last follow-up was in December 2019, which
included verification of the clinical records.

Statistical analysis. Categorical and continuous data were
compared using the %* test and the Mann-Whitney U test,
respectively. Cutoff values were determined using the receiver
operating characteristic (ROC) curve. A matched pairs t-test
was used to determine significant differences between pre- and
post-NLR. The Kaplan-Meier method was used to estimate OS
and RFS after surgery, while the generalized Wilcoxon test
was used to compare the groups and assess prognostic values.
Multivariate analyses using Cox regression modeling and
logistic regression with variables having P-values less than
0.1 were performed. The statistical significance of each model
was set at P<0.05. All statistical analyses were performed
using JMP Pro ver 14.0.0.

Results

Numerical data for pre- and post-NLR. While neutrophil
count significantly decreased after NAC (Fig. 1A), no change in
lymphocyte count was noted (Fig. 1B). Post-NLR was signifi-
cantly lower than pre-NLR 2.1 (0.3-19.2) vs. 2.7 (0.8-12.7);
P<0.0001; Fig. 1C). A comparison of matched pairs of pre- and
post-NLR also showed that NLR decreased significantly after
chemotherapy (P<0.0001).

Optimal cutoff values for pre- and post-NLR. To evaluate
which NLR was a better biomarker, cutoff values for pre- and
post-NLR were set based on the ROC. Accordingly, pre-NLR
had a cutoff value of 3.7, which discriminated between
survival and death 3 years after operation, with an area under
the curve of 0.54662 and a sensitivity and specificity of 78.7
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Figure 1. (A) Numerical data for pre- and post-neutrophil count (n=338). (B) Numerical data of pre- and post-lymphocyte count (n=338). (C) Numerical data
for pre- and post-NLR (n=338). (D) ROC curve analysis for the optimal cutoff pre-NLR value which discriminated between survival and death 3 years after
operation. (E) ROC curve analysis for the optimal cutoff post-NLR value which discriminated between survival and death 3 years after operation. NLR,

neutrophil-to-lymphocyte ratio; ROC, receiver operating characteristic.

and 32.4%, respectively (Fig. 1D). Post-NLR had a cutoff value
of 2.5, with an area under the curve of 0.63255 and a sensitivity
and specificity of 51.0 and 74.3%, respectively (Fig. 1E). We
also analyzed the ROC which discriminated between clinical
response PR-CR and PD-SD. Accordingly, pre-NLR had a
cutoff value of 5.5 with an area under the curve of 0.48864 and
a sensitivity and specificity of 94.1 and 12.5%, respectively.
Post-NLR had a cutoff value of 2.5, with an area under the
curve of 0.56634 and a sensitivity and specificity of 47.1
and 70.4%, respectively (Fig. SIA and B). Considering these
separate analyses, we set the optimal cut off value at 3.7 for
pre-NLR and 2.5 for post-NLR which were determined by
the ROC curve of survival and death 3 years after operation
for two reasons. Firstly, the ROC curve of survival and death
3 years after operation had better sensitivity and specificity
than that of clinical response PR-CR and PD-SD. Secondly,
the NLR cutoff values generally ranged from 2 to 5 (26).

Characteristics of patients. A total of 338 patients were
included in this study. Based on the cutoff value, 87 (26%) and
251 patients (74%) were assigned to low and high pre-NLR
group, while 111 (33%) and 227 (67%) were assigned to low
and high post-NLR group, respectively. Table I compares
the clinical characteristics between both pre- and post-NLR
groups. Accordingly, the high groups had lower BMI, higher
neutrophil count, and lower lymphocyte count compared to
the low groups. Both pre- and post-NLR were not significantly
correlated with age, gender, cStage and American Society of
Anesthesiologists physical status. Among the 338 patients, 259

(77%) received DCF, while 79 (23%) received ACF as NAC,
with almost the same rates observed in pre- and post-NLR.

Hematological toxicities. To determine how chemotherapy
directly influenced change in peripheral leukocyte count and
evaluate its correlation with NLR, hematological toxicities
were compared between low and high pre- and post-NLR
groups (Table II). Interestingly, the high group had a signifi-
cantly higher incidence of grade 3/4 lymphopenia than the
low group in both pre-NLR (44% vs. 27%; P=0.0073) and
post-NLR (49% vs. 23%; P<0.0001), whereas no difference
in the incidence of neutropenia was noted (pre-NLR: 91% vs.
92%; P=0.65 and post-NLR: 91% vs. 92%; P=1.0). Furthermore,
the high pre-NLR group had a significantly higher incidence
of anemia than the low group (16% vs. 8%; P=0.04). Aa similar
tendency, albeit not significant, was observed in the post-NLR
group (14% vs. 8%; P=0.08). No differences in frequencies of
other hematological toxicities, such as leukopenia (pre-NLR:
86% vs. 82%; P=0.41, post-NLR: 87% vs. 81%; P=0.17), febrile
neutropenia (pre-NLR: 47% vs. 48%; P=0.12, post-NLR: 50%
vs. 47%; P=0.73), and thrombocytopenia (pre-NLR: 2% vs.
7%; P=0.90, post-NLR: 9% vs. 4%; P=0.14) were observed.

Clinical and histopathological response. With regard to
clinical response to NAC, 67 (77%) and 203 (81%) achieved
PR or CR in the high and low pre-NLR group, respec-
tively (Table III). No significant relationship was observed
between clinical response and pre-NLR (P=0.44). On the
other hand, 190 (83%) and 80 (72%) patients showed PR
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Pre-NLR Post-NLR
Characteristic High (n=87) Low (n=251) P-value High (n=111) Low (n=227) P-value
Age, years 0.18 0.07
Median (range) 69 (35-82) 67 (38-83) 67 (35-83) 69 (38-82)
Sex 0.06 0.10
Male 82 217 103 195
Female 5 34 8 31
Ethnicity
Asian 87 251 111 227
Others 0 0 0 0
BMI, kg/m? 0.04 0.04
Median (range) 20.0 (15.0-28.8) 21.3 (14.8-29.7) 20.5 (14.9-29.7) 21.3 (14.8-28.7)
Location 0.38 0.77
Ut 13 49 18 44
Mt 46 112 53 105
Lt 28 90 40 78
Histology 0.86 091
Poor 6 16 7 15
Well/moderate 81 235 104 212
cT? 0.31 0.78
1 1 18 6 13
2 10 57 15 52
3 56 147 75 128
4 20 29 15 34
cN? 0.18 0.79
0 24 60 23 61
1 42 140 65 117
2 21 45 21 45
3 0 6 2 4
cM* 0.76 0.75
0 11 35 95 197
1 76 216 16 30
cStage? 0.10 0.53
I 4 34 9 29
11 18 52 21 49
1T 54 129 65 118
v 11 36 16 31
WBCs, ul <0.0001 <0.0001
Median (range) 8,130 5,930 6,130 4,880
(4,210-16,840) (2,590-13.,810) (2,720-13,750) (1,140-10,800)
Neutrophils, g1 <0.0001 <0.0001
Median (range) 6,132 3,704 4,141 2,631
(3,198-13,628) (1,300-9,087) (1,778-11,399) (279-6 405)
Lymphocytes, ul <0.0001 <0.0001
Median (range) 1,169 1,698 1,212 1,601
(540-2,360) (729-3,314) (424-2,142) (670-4,517)
ASAPS 0.37 0.25
1 11 40 18 33
2 69 200 84 185
3 7 11 9 9



ONCOLOGY LETTERS 25: 58, 2023 5

Table I. Continued.

Pre-NLR Post-NLR
Characteristic High (n=87) Low (n=251) P-value High (n=111) Low (n=227) P-value
Preoperative 0.77 0.78
chemotherapy
DCF 68 191 84 175
ACF 19 60 27 52

NLR, neutrophil-to-lymphocyte ratio; BMI, body mass index; Ut, upper thoracic esophagus; Mt, middle thoracic esophagus; Lt, lower thoracic
esophagus; ASA PS, American Society of Anesthesiologists physical status; DCF, docetaxel, cisplatin, and 5-fluorouracil; ACF, adriamycin,

cisplatin, and 5-fluorouracil. *UICC 7th.

Table II. Hematological toxicities NCI-CTC grade 3/4.

Pre-NLR Post-NLR

Parameter High (n=87), Low (n=251), High (n=111), Low (n=227),

n (%) n (%) P-value n (%) n (%) P-value
Leukopenia 75 (86) 206 (82) 041 97 (87) 184 (81) 0.17
Neutropenia 79 91) 232 (92) 0.65 102 (92) 209 (92) 1.0
Lymphopenia 38 (44) 69 (27) 0.0073 54 (49) 53 (23) <.0001
Anemia 14 (16) 20 (8) 0.04 16 (14) 18 (8) 0.08
Thrombocytopenia 2(2) 18 (7) 0.12 10 (9) 10 4) 0.14
Febrile neutropenia 41 (47) 121 (48) 0.90 55 (50) 107 (47) 0.73

NLR, neutrophil-to-lymphocyte ratio; NCI-CTC, National Cancer Institute Common Toxicity Criteria.

or CR in the low and high post-NLR, respectively. Patients
with high post-NLR had significantly worse clinical
response (P=0.01). Similarly, no significant relationship
was observed between histopathological response rate and
pre- or post-NLR.

Overall and recurrence-free survival. The 3-year OS rates
were 58.0 and 66.1% in patients with high and low pre-NLR,
respectively. No difference in OS was observed between
patients with low and high pre-NLR (P=0.12; Fig. 2A). On
the other hand, patients with high post-NLR showed worse
OS (Fig. 2B) than those with low post-NLR (P=0.0001),
with the 3-year OS of 51.4 and 70.1% in patients with high
and low post-NLR patients, respectively. Moreover, no differ-
ence in RFS was observed between patients with low and
high pre-NLR (P=0.27) (Fig. 2C), whereas those with high
post-NLR showed worse RFS than those with low post-NLR
(Fig. 2D). The 3-year RFS rates were 46.9 and 51.4% in patients
with high and low post-NLR, respectively (P=0.03). Similarly,
no difference in RFS was observed between patients with low
and high pre-NLR (P=0.27).

Univariate analysis identified pT (3-4/0-2, P<0.0001), pN
(1-3/0, P<0.0001), pM stage (1/0, P=0.02), clinical response
(PD-SD/PR-CR, P<0.0001), pathological response (Grade
0-Ib/11, P<0.0001), and post-NLR (=2.5/<2.5, P=0.0007) as

significant factors for OS (Table IV). To determine indepen-
dent prognostic factors for OS, a multivariate Cox proportional
hazards model was performed with variables having P-values
of less than 0.1 during univariate analysis. Accordingly,
multivariate analysis identified high post-NLR (HR 1.62,
95% CI 1.14-2.28; P=0.008) as independent prognostic factor,
along with advanced pN stage (HR 2.34, 95% CI 1.53-3.65;
P<0.0001) and worse clinical response (HR 1.70, 95% CI
1.12-2.51; P=0.01).

Independent factors for high post-NLR. Univariate analysis
identified age (=75/<75, P=0.0015), BMI (<18.5/=18.5,
P=0.0006), pre-neutrocyte counts (=6,000/u1/<6,000/ul,
P=0.0011), pre-lymphocyte counts (=1,500/ul/<1,500/ul),
P<0.0001), and clinical response (PD-SD/PR-CR, P=0.014)
as significant factors for higher post-NLR (Table V).
Multivariate logistic regression was then performed using
variables having P-values than 0.1 during univariate anal-
ysis. Interestingly, higher age (OR 2.36, 95% CI 1.22-4.55;
P=0.01), lower BMI (OR 2.51, 95% CI 1.23-5.11; P=0.01),
higher pre-neutrocyte counts (OR 3.57, 95% CI 1.87-6.84;
P=0.0001), lower pre-lymphocyte counts (OR 0.38, 95% CI
0.22-0.66; P=0.0006), and lymphopenia (OR 2.90, 95% CI
1.64-5.10; P=0.0002) were identified as independent factors
for high post-NLR.



6 YAMADA et al: NLR AFTER NEOADJUVANT CHEMOTHERAPY PREDICTS PROGNOSIS

Table III. Clinical response and histopathological response rate.

Pre-NLR Post-NLR
Parameter High (n=87) Low (n=251) P-value High (n=111) Low (n=227) P-value
Clinical response 0.44 0.01
PD/SD 20 48 31 37
PR/CR 67 203 80 190
Pathological response 0.31 0.15
Grade 0/1b 58 151 75 134
Grade 2 29 100 36 93
pT* 0.38 0.28
0 7 31 10 28
1 16 70 22 64
2 18 47 20 45
3 45 102 58 89
4 1 1 1 1
pN* 091 0.31
0 32 103 41 94
1 28 77 42 63
2 18 46 18 46
3 9 25 10 24
pM* 0.12 0.22
0 82 222 103 201
1 5 29 8 26
pStage* 0.11 0.40
0 5 27 9 23
I 16 55 20 51
I 20 54 26 48
I 41 86 48 79
v 5 29 8 26

NLR, neutrophil-to-lymphocyte ratio; PD, progressive disease; SD, stable disease; PR, partial response; CR, complete response. *UICC 7th.

Discussion

Up to our knowledge, this has been the first study to compare
the prognostic utility of pre- and post-chemotherapy NLR
values in 338 consecutive patients receiving triplet neoad-
juvant regimens. Accordingly, the present study showed
that high post-NLR but not pre-NLR was an independent
prognostic factor for OS among those receiving triplet
chemotherapy followed by surgical resection. Moreover, high
post-NLR was significantly correlated with poor clinical
response to NAC.

A meta-analysis including a total of 20 studies consisting
of 6457 patients showed a significant association between
higher NLR and worse survival in esophageal cancer,
subsequently considering NLR as an independent predictive
marker (27). However, majority of these previous reports
have focused on patients who underwent surgery alone,
with only a handful having investigated variations in NLR
following NAC. Among such studies, Miyazaki et al identi-
fied high NLR before surgery as a significant risk factor for

poor prognosis in patients who did or did not undergo NAC
for esophageal cancer (28). Despite the availability of similar
reports (29-31), it remains unclear whether NAC influences
NLR given that the aforementioned studies analyzed patients
who both did and did not receive chemotherapy with no
unified timing of NLR measurements. Lee ef al reported that
post-treatment NLR but not pre-treatment NLR was a signifi-
cant prognostic factor following chemotherapy including
gefinitib, gemcitabine, and cisplatin for advanced or meta-
static lung adenocarcinoma and that high post-treatment
NLR was associated with worse tumor response, higher risk
of progression, and greater risk of death (32). The afore-
mentioned results corroborate the findings presented herein,
which showed that post-NLR was a potential prognostic
marker. The present report suggests that NLR may predict
prognosis more precisely by considering the timing of
measurements. Interestingly, Hoshino et al focused on NLR
change itself, which was calculated NLR after NAC/NLR
before NAC (18). NLR change identified as a significant
prognosis predictor, the patients with NLR change below 0.55
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Table IV. Univariate and multivariate analysis of overall survival.
Univariate analysis Multivariate analysis

Variable HR (95% CI) P-value HR (95% CI) P-value
Sex, male/female 1.02 (0.62-1.83) 0.92
Age, =75/<75 1.26 (0.81-1.88) 0.29
BMI, <18.5/=18.5 1.58 (0.99-2.42) 0.06 1.03 (0.63-1.62) 0.90
Location, Ut/Mt-Lt 1.16 (0.75-1.73) 0.50
Histology, poor/well or moderate 1.00 (0.49-1.81) 1.00
Preoperative chemotherapy, DCF/ACF 0.77 (0.54-1.12) 0.17 0.89 (0.61-1.32) 0.56
pT, 3-4/0-2* 2.47 (1.78-3.47) <0.0001 1.29 (0.84-1.98) 0.25
pN, 1-3/0° 3.17 (2.17-4.76) <0.0001 2.34 (1.53-3.65) <.0001
rM, 1/0* 1.68 (1.08-2.53) 0.02 1.49 (0.88-2.40) 0.13
Pre-NLR, =3.7/<3.7 1.25 (0.86-1.78) 0.23
Post-NLR, =2.5/<2.5 1.81 (1.29-2.52) 0.0007 1.62 (1.14-2.28) 0.008
Clinical response, PD-SD/PR-CR 2.32(1.61-3.27) <0.0001 1.70 (1.12-2.51) 0.01
Pathological response, Grade 0-1b/2 2.71 (1.85-4.08) <0.0001 1.36 (0.83-2.24) 0.22

BMI, body mass index; Ut, upper thoracal esophagus; Mt, middile thoracal esophagus; Lt, lower thoracal esophagus; DCF, docetaxel, cisplatin,
and 5-fluorouracil; ACF, adriamycin, cisplatin, and 5-fluorouracil; NLR, neutrophil-to-lymphocyte ratio; PD, progressive disease; SD, stable
disease; PR, partial response; CR, complete response. “UICC 7th.
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Figure 2. Kaplan-Meier analysis of overall survival classified according to (A) pre-NLR and (B) post-NLR. Kaplan-Meier analysis of recurrence-free survival
classified according to (C) pre-NLR and (D) post-NLR (n=338). NLR, neutrophil-to-lymphocyte ratio.

had a significantly better OS and RFS than those with NLR
change above 0.55. Notably, these tendencies increased in

patients who underwent DCF in comparison with those who
underwent CF. However, their study included a small number
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Table V. Univariate and multivariate analysis of post-NLR.

Variable

Univariate analysis

Multivariate analysis

HR (95% CI)

Sex, male/female

Age, =75/<75

BMI, <18.5/=18.5

Preoperative chemotherapy, DCF/ACF
pT, 3-4/0-2*

pN, 1-3/0*

pM, 1/0*

Pre-neutrocyte, =6,000/11/<6,000/u1
Pre-lymphocytes, =1,500/u1/<1,500/ul
Neutropenia, Grade 3-4/1-2
Lymphopenia, Grade 3-4/1-2

Anemia, Grade3-4/1-2

Clinical response, PD-SD/PR-CR
Pathological response, Grade 0-1b/2

2.0 (0.90-4.59)
2.54 (1.45-4.48)
3.16 (1.68-5.98)
0.92 (0.54-1.57)
1.73 (1.09-2.73)
1.2 (0.76-1.93)
0.60 (0.26-1.37)
2.58 (1.48-4.48)
0.30 (0.19-0.49)
0.98 (0.42-2.25)
3.10 (1.92-5.04)
1.96 (0.96-4.00)
0.50 (0.29-0.87)
0.69 (0.43-1.11)

P-value HR (95% CI) P-value
0.10
0.0015 2.36 (1.22-4.55) 0.01
0.0006 2.51(1.23-5.11) 0.01
0.79 0.81 (0.43-1.53) 0.51
0.02 1.25 (0.68-2.32) 0.28
048 1.05 (0.59-1.89) 0.71
0.25
0.0011 3.57 (1.87-6.84) 0.0001

<0.0001 0.38 (0.22-0.66) 0.0006
1.0

<0.0001 2.90 (1.64-5.10) 0.0002
0.07 0.90 (0.38-2.16) 0.82
0014 0.55 (0.27-1.07) 0.07
0.15

BMI, body mass index; DCF, docetaxel, cisplatin, and 5-fluorouracil; ACF, adriamycin, cisplatin, and 5-fluorouracil; NLR, neutrophil-to-lympho-

cyte ratio; PR, partial response; CR, complete response; PD, progressive disease; SD, stable disease. *“UICC 7th.

of cases, 35 patients who underwent DCF with esophageal
cancer. The present report has been the first to directly reveal
the impact chemotherapy may have on NLR in more than
300 patients who underwent triplet chemotherapy for ESCC.

The mechanisms by which NLR influences survival
in esophageal cancer remains unclear. Tumors consist
of not only neoplastic cells but also a microenvironment.
Infiltrating leukocytes and stromal cells make up the micro-
environment wherein they engage in continuous interactions
with both tumor cells and each other (33). Increasing studies
have found that neutrophils have the ability to synthesize
a series of cytokines with multifaceted effects, including
tumor promotion, angiogenesis, and progression (34,35). One
example is APRIL, a neutrophil-derived cytokine involved
in tumor progression reported to be broadly expressed
in normal tissue, tumor cells, and peripheral blood (36).
Lymphocytes in the peripheral blood are currently thought
to cause synergistic cytotoxicity and exert tumor suppressor
properties (37). The NLR, a useful biomarker that can be
calculated quite easily from routine blood cell tests, may
reflect the balance between the complex systemic inflam-
mation.

Both pre- and post-NLR were not significantly associated with
frequency of leukopenia and neutropenia during chemotherapy.
On the other hand, the high groups of both pre- and post-NLR
had significantly more incidences of lymphopenia compared
to the low groups. Although no change in lymphocyte count
had apparently been observed before and after chemotherapy,
a dramatical change in lymphocyte count had in fact occurred
during chemotherapy, which may have strongly influenced the
NLR. Additionally, the high pre-NLR group had significantly
more incidences of anemia than the low pre-NLR group. The high
pre-NLR had significantly more patients with locally advanced
tumor (T3 or T4) (76 out of 87, 87%) than low pre-NLR (176 out

of 251, 70%) (P=0.002). The chronic inflammation or bleeding
caused by the advanced tumor may consequently cause frequent
anemia in patients with high pre-NLR.

The present study observed differences in the NLR and
neutrophil counts before and after NAC. Furthermore, the
NLR after NAC had been determined to be a better prognostic
factor than that before NAC. Our multivariate analysis for
post-NLR identified lymphopenia, as well as higher neutro-
cyte counts and lower lymphocyte counts, as an independent
factor for high post-NLR. Patients who exhibit sensitivity to
ACF or DCF have dramatically reduced tumor volumes (16).
The present study showed that patients with high post-NLR
had significantly worse clinical responses than those with low
post-NLR. Chemo-resistant patients with a high post-NLR
still have numerous tumor cells remaining after chemotherapy.
The tumor cells and surrounding microenvironment promote a
systemic inflammatory response (9), which can be reflected in
circulating neutrophil and lymphocyte counts. This suggests
that a higher NLR after NAC may imply resistance to treat-
ment, which can correlate with prognosis.

Interestingly, multivariate analysis identified lower BMI
as an independent factor for high post-NLR, indicating a
possible association between NLR and nutritional status. A
few patients with esophageal cancer present with malnutri-
tion upon initial diagnosis. Hagi et al reported that 92 out
of 434 patients with esophageal cancer were able to swallow
only liquids or had complete dysphagia (38). Patients
suffering from dysphagia require intensive support mainly
via enteral nutrition during chemotherapy, which may conse-
quently suppress systemic inflammation. Improvement in a
patients' nutritional status during NAC may help correct the
NLR, consequently making NLR after NAC a more accurate
prognostic factor than that before NAC. Conversely, the
nutritional intervention itself during chemotherapy might
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suppress the cascade of immune response, which contributes
to better prognosis.

Some limitations of the current study are worth noting. The
present study carried a retrospective design and was conducted
at a single institution. Furthermore, nutritional parameters had
not been assessed herein. This is significant given Baker's report
suggesting that elevated NLR was associated with greater weight
loss and cachexia in patients with advanced colon, lung, or pros-
tate cancer (39). Considering that 21% of patients with esophageal
cancer suffer from dysphagia (38), future studies should evaluate
the association between nutrition and inflammation.

In conclusion, the current study showed that NLR after
NAC was a better prognostic factor than that before NAC for
patients receiving triplet chemotherapy followed by surgical
resection.
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