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Abstract Accurate predictors of survival for patients
with advanced gastric cancer treated with neoadjuvant
chemotherapy are currently lacking. In this study, we
aimed to evaluate the prognostic significance of the neu-
trophil-lymphocyte ratio (NLR) in patients with stage III-
IV gastric cancer who received neoadjuvant chemotherapy
FOLFOX 4 as neoadjuvant chemotherapy. We enrolled 70
patients with stage III-IV cancer stomach in this study.
Patients received FOLFOX 4 as neoadjuvant chemother-
apy. Blood sample was collected before chemotherapy.
The NLR was divided into two groups: high (>3) and low
(<3). Univariate analysis on progression-free survival
(PFS) and overall survival (OS) was performed using the
Kaplan—Meier and log-rank tests, and multivariate analysis
was conducted using the Cox proportional hazards
regression model. The toxicity was evaluated according to
National Cancer Institute Common Toxicity Criteria. The
univariate analysis showed that PFS and OS were both
worse for patients with high NLR than for those with low
NLR before chemotherapy (median PFS 28 and 44 months,
respectively, P = 0.001; median OS 30 and 48 months,
P = 0.001). Multivariate analysis showed that NLRs
before chemotherapy were independent prognostic factors
of OS but not for progression-free survival. NLR may serve
as a potential biomarker for survival prognosis in patients
with stage III-IV gastric cancer receiving neoadjuvant
chemotherapy. The FOLFOX 4 demonstrated an accept-
able toxicity.
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Introduction

Gastric cancer is one of the most common malignancies
and the second leading cause of cancer-related death in the
world [1, 2]. Patients with localized disease have a higher
5-year survival rate (82 %) compared to patients with
regional (24 %) or distant metastases (3 %) [2]. Chemo-
therapy in advanced gastric cancer is an important issue
because the majority of patients with gastric cancer
develop metastases during the course of their disease.
Unresectable gastric disease diagnosed in more than two-
thirds of patients [3]. Therefore, systemic cytotoxic che-
motherapy is a major therapeutic strategy for advanced
gastric carcinoma. The combination of third-generation
chemotherapeutic agents including paclitaxel, docetaxel,
and oxaliplatin with 5-fluorouracil has improved thera-
peutic response rates and overall survival (OS) by
approximately 20-30 % and 4-6 months, respectively.
However, this treatment can result in clinically significant
adverse effects. In order to improve survival outcome and
administer the most effective treatment, there is a
requirement for more sensitive tumor markers than those
currently available [3]. Recently, novel immunological and
histological biomarkers have been identified [4, 5]. How-
ever, these largely depend on specimens obtained after
resection of the primary tumor, and this limits their use in
clinical practice prior to surgery.

Progression of cancer depended on systemic inflamma-
tory response [6, 7]. Borsig et al. [7] reported that the
ability of a tumor to invade and metastasize was dependent
on the intrinsic characteristics of the tumor cells, as well as
the tumor microenvironment. Peripheral blood tests at the
time of diagnosis and treatment can reflect inflammatory
conditions within the tumor. Evaluation of peripheral blood
parameters including C-reactive protein (CRP), leukocytes,
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neutrophil, lymphocyte, monocyte, and platelet counts, as
well as neutrophil-lymphocyte ratio (NLR) and platelet—
lymphocyte ratio (PLR), has been proposed as prognostic
factors for patients with various types of malignancies.

In patients with advanced gastric cancer, high preoper-
ative NLR has been identified as a useful and convenient
predictor of survival [8-12],

The aim of the present study was to evaluate the prog-
nostic significance of pre-chemotherapy NLR in peripheral
blood samples from patients with stage III-IV gastric
cancer receiving neoadjuvant chemotherapy.

Patient selection

Seventy patients with histopathologically confirmed advanced
unresectable gastric adenocarcinoma (stages III-IV). Tumors
were staged according to the criteria of the American Joint
Committee on Cancer (AJCC) TNM stage classification,
seventh edition for gastric cancer [13]. From July 2010 to July
2014 in Tanta University Hospital patients with stage ITII-IV
gastric cancer were studied prospectively. Eligibility for the
study required patients to have an Eastern Cooperative
Oncology Group performance status of 0-2, and available
plasma and measurable tumor focus evaluated by multi-
detector spiral CT scanning.

Treatment protocols and dose modification

On day 1, oxaliplatin (85 mg/m?) was administered by intra-
venous infusion in 500 ml of n dextrose 5 % over a period of
2 h. On day 1 and 2, leucovorin (200 mg/m?) was adminis-
tered as intravenous infusion in 500 ml of normal saline over
2 h, immediately followed by 5-FU (400 mg/m?) given as a
10-min i.v. bolus, followed by 5-FU (600 mg/mz) as a con-
tinuous 22-h infusion, with a light shield every 2 weeks.
Dose modifications of oxaliplatin or 5-FU were made
for hematologic, gastrointestinal, or neurological toxic
effects based on the most severe grade of toxicity that had
occurred during the previous cycle. Treatment could be
delayed for up to 2 weeks if symptomatic toxicity persisted
or if the absolute number of neutrophil was <1,500/ul or
platelets count was <100,000/pl. The dosage of 5-FU was
reduced by 25 % for subsequent courses after the occur-
rence reduced by 25 % for subsequent courses after the
occurrence of National Cancer Institute Common Toxicity
Criteria (NCI-CTC) grade 3 diarrhea, stomatitis, or der-
matitis. The dose of oxaliplatin was reduced by 25 % in
subsequent cycles if there were persistent paresthesias
between cycles or paresthesias with functional impairment
lasting >7 days. Treatment was continued until there were
signs of disease progression, development of unacceptable
toxic effects, or the patient refused further treatment.
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Before each treatment courses, a physical examination,
routine hematology, biochemistry, and chest X-ray were
carried out. Computed tomography scans to define the extent
of the disease, and the responses were carried out after four
cycles of chemotherapy, or sooner if there was evidence of any
clinical deterioration. Patients were assessed before initiating
each 2-week cycle using the NCI-CTC [14], except in the case
of neurotoxicity. For the neurotoxicity, an oxaliplatin-specific
scale [15] was used: grade 1, paresthesias or dysesthesias of
short duration, but resolving before the next dosing; grade 2,
paresthesias persisting between doses (2 weeks); and grade 3,
paresthesias interfering with function.

In accordance with the RECIST guidelines [16],
response to therapy was categorized into four groups:
complete response (CR), partial response (PR), stable dis-
ease (SD), and progression of disease (PD), with CR and
PR confirmed for 4 weeks.

For tumor response assessment, objective responses
after three cycles of treatment were evaluated on the basis
of computed tomography (CT) scans.

Blood sample analysis

Venous blood samples were taken from patients admitted to
the oncology outpatient clinic before neoadjuvant FOLFOX
4.

WBC differential counts were analyzed by XE-2100
hematology analyzer (Sysmex, Kobe, Japan), and CEA
were evaluated by Architect 12000 (Abbott Laboratories,
USA). The NLR was calculated from the differential count
by dividing the neutrophil measurement by the lymphocyte
measurement. An NLR 3 was considered as elevated.

Statistical analysis

The progression-free survival (PFS) and OS were calcu-
lated from the date of initiation of therapy to the date of
disease progression and death, respectively. The associa-
tion of each marker with survival was analyzed using
Kaplan—-Meier plots, the log-rank test, and its associated
95 % confidence interval (CI) was calculated [17].

Multivariate analyses were carried out using the Cox
proportional hazards model. Variables with P < 0.05 on
univariate analysis were entered into multivariate analyses.
All the tests were two-sided, and P < 0.05 was considered
statistically significant. Analyses were done using SPSS
version 21.0 (SPSS Inc, Chicago, IL).

Patient characteristics
Table (1) shows the characteristics of the 70 patients: 47

were male and 23 were female, with a median age of
53 years (range 30-70 years). The median number of
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Table 1 Patients characteristics

No. %o
Age
<53 28 40
>=53 42 60
Sex
Male 47 67.9
Female 23 32.1
Performance status
0-1 56 80
2 14 20
Pathology
Adenocarcinoma 37 52.9
Mucinous 17 24.3
Signet ring appearance 10 14.3
others 6 8.6
Differentiation
Well differentiated 11 15.7
Moderately differentiated 24 343
Poorly differentiated 35 50
T Staging
73 58 82.9
T4 22 17.1
N staging
NI 54 77.1
N2 16 22.8
N3 0 0
TNM staging
I 49 70
v 21 30
CEA
<5 ng/ml 47 67.1
>=5 ng/ml 23 329
Neutrophil-lymphocyte ratio
<3 30 429
>3 40 57.1
surgery
Total gastrectomy 41 58.6
Subtotal gastrectomy 19 41.4
Radicality
RO 47 67.9
RI1 0 0
R2 23 329

chemotherapy cycles was three (range 1-5). All 70 patients
underwent gastrectomy; 41 (58.6 %) underwent total gas-
trectomy; and 19 (41.4 %) underwent subtotal gastrectomy.
Clinical TNM (tumor, node, and metastasis) classification
based on the AJCC staging was as follows: 49 (70 %)
patients had stage III disease and 21 (30 %) had stage IV

Table 2 Response to treatment

Response No. %

CR 4 5.7
PR 22 314
SD 31 443
DP 13 18.6
Total 70 100.0

Overall survival
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Fig. 1 Overall survival of 70 patients with stage III and IV stomach
cancer

disease. Thirty-nine patients were adenocarcinoma. Thirty-
five patients were poorly differentiated. Only 23 patients
had CEA more than 5 ng/ml.

Blood parameters

The median pre-chemotherapy white blood cell, neutrophil,
and lymphocyte counts were 6,400, 3,900, and 1,550 per
mm°, respectively. The median pre-chemotherapy NLR
was 2.74 (range 1-6.5). An NLR value of 3 was used as the
cutoff value to classify patients into high (>3) or low (<3)
NLR groups.

The overall response was 37.1 % with complete
response in four (5.7 %) patients and partial response in 22
(31.4 %) patients (Table 2).

Prognostic variables for PFS and OS
For the 70 patients, the median PFS was 30 months, and
the median OS was 36 months (Fig. 1, 2). Factors pre-

dicting improved PFS were RO resection, overall response,
and preoperative NLR 3 or less (Table 3). Multivariate
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progression free survival
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Fig. 2 Progression-free survival of 70 patients with stage III and IV
stomach cancer

Table 3 Univariate and multivariate analyses of progression-free
survival in 70 patients with stage III-IV gastric cancer treated with
neoadjuvant chemotherapy

Factors Number Univariate Multivariate analysis
analysis -
p value Hazard ratio p value
Radicality
RO 47 0.031* 0.548 (0.291-1.032) 0.063
R1 0
R2 23
NLR
<3 30 0.001* 1.395 (0.629-3.905) 0.412
>3 40
Response
OAR 26 0.001* 2.876 (1.228-6.737) 0.015*
Non- 44
responsive

* Significant

analysis identified overall response with hazard ratio 2.876
(95 % CI 1.228-6.737), p value = 0.015 as independent
factors associated with worse PFS (Table 4), but NLR lost
independent prognostic value.

As regards overall survival, factors predicting high OS
were RO resection, lower N stage, overall response, pre-
operative NLR 3 or less. Upon multivariate analysis; the
factors with statistical significance with OS were RO
resection (P value = 0.038; 0.450; CI 0.212-0.957),
overall response (P value = 0.041; 2.845; CI 1.043-6.762)
and NLR (P value = 0.027; 3.259; CI 1.144-9.282)
(Table 3). Median PFS and median OS were worse for
patients with high NLR values than for those with low
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Table 4 Univariate and multivariate analyses of overall survival in
70 patients with stage III-IV gastric cancer treated with neoadjuvant
chemotherapy

Factors Number Univariate  Multivariate analysis
analysis -
p value Hazard ratio p value
N stage
N1 54 0.043* 1.895 (0.876-4.097) 0.104
N2 16
N3 0
Radicality
RO 47 0.006* 0.450 (0.212-.957)  0.038*
R1 0
R2 23
NLR
<3 30 0.001* 3.259 (1.144-9.282) 0.027*
>3 40
Response
OAR 26 0.001* 2.845 (1.043-6.762) 0.041*
Non- 44
responsive

* Significant

NLR values before chemotherapy (median PFS 28 and
44 months, respectively, P = 0.001; median OS 30 and
48 months, P = 0.001) (Figs. 3, 4).

The most common toxicities were hematologic. The
National Cancer Institute Common Toxicity Criteria grade
3 and 4 neutropenia, leucopenia, anemia, and thrombocy-
topenia were recorded in 25/70 (35.7 %), 13/70 (18.6 %),
three out of 70 (4.3 %), and 7 out of 70 (10 %) patients,
respectively. Two out of 70 patients experienced febrile
neutropenia. No NCI-CTC grade 4 gastrointestinal toxicity
was observed, while grade 3 diarrhea, nausea, and vomiting
were recorded in 4.3, 4.3, and 2.8 % of the patients,
respectively. Neurotoxicity was moderate and was
observed in 30 % (grade 1 & 2 in 25.7 % and grade 3 in
4.3 %) of the patients (Table 5).

Discussion

Gastric cancer is the most common cause of cancer-related
death after lung cancer. Multimodal therapy, including
radiotherapy, adjuvant chemotherapy, and targeted therapy,
has greatly improved the survival of patients with advanced
gastric cancer. Neoadjuvant chemotherapy is well estab-
lished [18].

The FOLFOX regimen has oxaliplatin combined with
calcium folinate and fluorouracil. Since 2001, the FOLFOX
program had become one of the most common treatments
for advanced gastric cancer. Ji and colleagues [19] treated
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OAS in relation to NLR
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Fig. 3 Overall survival in relation to NLR

PFS in relation to NLR
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Fig. 4 Progression-free survival in relation to NLR

15 patients with advanced (IIIB or IV TNM staging) gastric
cancer who received oxaliplatin-based combination che-
motherapy (OXA 130 mg/m? d1, 5-FU 400 mg/m?, 5-FU
2.5 g/m2 continuous infusion, LV 200 mg/m2 dl, g3 W);
they found that seven cases had partial remission (46.7 %)
and six had stable disease (40 %). Therefore, this chemo-
therapy was well tolerated by all patients who received it.
Yan et al. [20] treated 96 patients with locally advanced
or metastatic cancer stomach with FOLFOX 4 regimen:
oxaliplatin 85 mg/m? iv in 2 h on D1, leucovorin 200 mg/
m? ivin 2 h on D1 and D2, 5-Fu 400 Ing/m2 iv on D1 and
D2, and then continuous infusion of it at a dose of 600 mg/
m? for 44 h; the overall response was 40 % which was
nearly equal to that reported by us 37.1 %. This was also
constant with that reported by many authors [21-23].

Table 5 Main toxicities according to NCI-CTC scale

Toxicity Grade 0 Grade 1-2 (%) Grade 34 (%)
Hematologic

Neutropenia 41 (41.5) 16 (22.8) 25 (35.7)
Leucopenia 44 (62.8) 13 (18.6) 13 (18.6)
Thrombocytopenia 45 (64.3) 22 (31.4) 34.3)
Anemia 37 (52.9) 26 (37.1) 7 (10)
Febrile neutropenia 68 (97.1) - 2 (2.9)
Gastrointestinal

Nausea 52 (743) 15 (21.4) 3 4.3)
Vomiting 55 (78.6) 13 (18.6) 2 (2.8)
Diarrhea 51(729) 16 (22.8) 3 4.3)
Stomatitis 62 (88.6) 7 (10) 1(1.4)
Hepatic 69 (98.6) 1(1.4) -
Neurological* 49 (70) 18 (25.7) 34.3)
Others

Cutaneous 69 (98.6) 1(1.4) -
Alopecia 57 (81.4) 13 (18.6) -
Asthenia 64 (77.1) 15 (21.5) 1(1.4)
Allergic 68 (97.2) 2 (2.8)

Neurological toxicity was grade according to oxaliplatin-specific
scale

However, in order to select the need of neoadjuvant
chemotherapy, accurate predictors that identify those
patients who are more likely to benefit from neoadjuvant
chemotherapy are needed.

However, to our knowledge, the prognostic significance
of NLR in patients with advanced gastric cancer receiving
neoadjuvant chemotherapy has rarely been studied. We
analyzed the relationship between pre-chemotherapy and
survival in patients with stage III-IV gastric cancer.

Our results showed that high pre-chemotherapy NLR
independently predicted worse PFS and OS in patients with
stage III-IV gastric cancer receiving neoadjuvant chemo-
therapy. The univariate analysis showed that PFS and OS
were both worse for patients with high NLR than for those
with low NLR before chemotherapy (median PFS 28 and
44 months, respectively, P = 0.001; median OS 30 and
48 months, P = 0.001) and this is constant with other
authors [24-26].

Although high pre-chemotherapy NLR lost its inde-
pendent prognostic significance for PFS, but retained it
with OS in multivariate analysis, it still provided important
information on NLR for clinical practice and this was
different from that reported by Lee et al. [24] who reported
statistical significance of NLR with PFS but not with OS in
multivariate analysis.

The association between elevated NLR and poor sur-
vival in patients with various types of cancer has not been
clearly defined until now. It is possible that pre-treatment
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neutrophil and lymphocyte numbers indicate the level of
inflammation within the tumor and thus predict prognosis.

FOLFOX regimen used in this study demonstrated an
acceptable tolerability. Grade 3/4 neutropenia was the most
common hematologic toxicity occurring in 35.7 % of the
patients, but febrile neutropenia was detected in only 2.9 %
of the patients.

In a number of trials with oxaliplatin-based therapies,
neurotoxicity was the most frequent side effect that led to
treatment discontinuation. However, in our study, neuro-
toxicity was restricted to a limited number of patients
(4.3 %). The FOLFOX regimen was tolerable with mild
toxicity as reported by many authors [27, 28].

Conflict of interest None.
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