ANTICANCER RESEARCH 38: 3745-3751 (2018)
doi:10.21873/anticanres.12655

Clinical Relevance of Postoperative Neutrophil-Lymphocyte
Ratio (NLR) to Recurrence After Adjuvant
Chemotherapy of S-1 for Gastric Cancer
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Abstract. Background/Aim: The clinical significance of
postoperative neutrophil lymphocyte ratio (NLR) remains
unclear. The aim of this study was to examine the impact of
postoperative NLR on prediction for postoperative
recurrence of gastric cancer. Patients and Methods: A
retrospective analysis was performed on data from 170
patients with Stage II/Ill gastric cancer who underwent
surgery followed by adjuvant chemotherapy using S-1
between 2006 and 2015. Postoperative NLR was calculated
every 6 months and the data at the time of recurrence or last
survival were used for analysis. Results: Postoperative NLR
was associated with Prognostic nutritional index (PNI) and
modified Glasgow Prognostic Score (mGPS). In multivariate
analysis, we found that elevated CA19-9, CEA and NLR were
independent predictive markers. The patients with low values
of both NLR and CEA after surgery had the most favorable
prognosis. Conclusion: The postoperative NLR might be one
of the surrogate markers for recurrence after curative
surgery for patients with Stage II/Ill gastric cancer.

Postoperative adjuvant chemotherapy using S-1 is a standard
therapy for patients with Stage II/III gastric cancer in Japan
based on the results of the Adjuvant Chemotherapy Trial of
S-1 for Gastric Cancer (ACTS-GC study) (1). As shown in
the ACTS-GC study, S-1 is generally administered for one
year after surgery though the completion rate remains 70%
and the prognosis of the patients that were not able to
complete it was poor (2). The 5-year postoperative survival
rates for stage II was 70%, 54% for stage IIIA and 36% for
stage IIIB (3). It is necessary to predict relapse early, and
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shift to second-line effective chemotherapy (4, 5). To predict
recurrence, serum tumor markers including carcinoembryonic
antigen (CEA) and carbohydrate antigen 19-9 (CA19-9) are
monitored after surgery (6).

The neutrophil-lymphocyte ratio (NLR) is one of the most
common hematologic parameters reflecting systemic
inflammation and survival of patients with cancer (7).
Neutrophils have the capacity of inducing angiogenesis,
inflammation and pro-tumor immune response (8).
Lymphocytes are linked to tumor-infiltrative T lymphocytes
which are the most important mediators of an anti-tumor
immune response (9). Therefore, it is hypothesized that NLR
might reflect the balance of inflammation and immune
reaction in the tumor microenvironment. NLR was one of the
predictive factors for patients with colorectal cancer,
pancreatic cancer, esophageal cancer and gastric cancer (10-
13). The significance of NLR on the effect of postoperative
adjuvant chemotherapy remains unclear though reports
focused on the relationship of NLR with chemotherapy for
advanced gastric cancer. For example, it has been reported
that the PFS and OS of patients with a low NLR were
significantly longer than in patients with a high NLR in a
Korean study of the combination of paclitaxel with
ramcirumab (14).

The aim of this study was to examine the impact of
postoperative NLR on recurrent diseases after adjuvant
chemotherapy using S-1 for patients with gastric cancer.

Patients and Methods

Patients. Data were obtained from 170 patients with histologically
confirmed gastric cancer who had undergone gastrectomy with
lymph node dissection followed by adjuvant chemotherapy using S-
1 between 2006 and 2015 at Department of Surgical Oncology of
Osaka City University. Stage and other information including
macroscopic types, histology, depth of tumor (T), lymph node
metastasis (N), distant metastasis (M), lavage cytology (CY),
lymphatic or venous involvement were classified according to the
criteria of the 3rd edition of Japanese Gastric Cancer Association
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(15). Laboratory data including full blood count (neutrophils,
lymphocytes, platelets, albumin, CRP, carcinoembryonic antigen
(CEA) and CA19-9) were collected at the time of pre-surgery, 1
month, 6 months, 12 months and 18 months after surgery.
Prognostic nutritional index (PNI) was calculated using the formula:
10x albumin (g/dl) + 0.005x lymphocyte (/mm3). The mGPS was
constructed as previously described (16). Patients who received
induction chemotherapy before surgery were excluded to remove
the influence of chemotherapy.

S-1 chemotherapy. The patients received S-1 orally twice daily for
the first 4 weeks of a 6-week cycle. Schedule change of 2 weeks on
and 1 week off etc. was permitted. The dose of S-1 administered
per day was based on the patient’s body surface area as follows:
<1.25 m2, 80 mg; 1.25-1.50 m2, 100 mg; >1.5 m2, 120 mg.
Treatment was continued until one of the following occurred:
progressive disease, treatment was not resumed even after 28 days
from the last administration, administration difficulty due to adverse
effects, or decision to stop treatment at the discretion of the treating
physician.

Ethics statement. This study was approved by the ethics committee
of participating institutions and carried out according to the
Declaration of Helsinki.

Statistical analysis. Survival analysis of the group variables was
performed using Cox proportional hazards model. The relationship
between NLR and other variables were performed using Logistic
regression analysis. Analysis was performed using JMP software:
JMP® 11 (SAS Institute Inc., Cary, NC, USA).

Results

Patient’s characteristics and chemotherapy. During June
2006 and April 2015, 986 patients underwent gastric surgery
at the Department of Surgical Oncology, Osaka City
University, Osaka, Japan. A total of 368 patients were
diagnosed as pathological stage II/IIT according to UICC 8th
edition. Among them, 187 patients were administered S-1 as
postoperative adjuvant chemotherapy. Overall, 15 patients
were excluded from the analysis because data were not
available, received neoadjuvant chemotherapy and had
synchronous cancer (Figure 1). The characteristics of the
analyzed 170 patients are summarized in Table I. They
consisted of 120 males and 50 females with a median age of
65 years. A total of 109 (62.3%) patients had pathological
stage III disease.

The median period of administration was 11 months. 45
(26.4%) patients discontinued treatment within 6 months
mainly due to adverse effects, while 11 (6.4%) patients
sustained administration for more than 24 months at their
request. Recurrences were observed in 68 patients: peritoneal
metastasis (n=30), liver metastasis (n=11), distant lymph
nodes (n=26). Discontinuation of S-1 due to adverse effects
was not associated with progression free survival (PFS).
Overall, the 3-year PFS and OS rate was 58.4% and 68.3%,
respectively. The 3-year PFS for patients with stage II was
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Figure 1. Patient selection.

74.0% and for those with stage III was 50.1%. The average
of preoperative NLR was 2.5. The number of patients with
elevated preoperative CEA and CA19-9 was 37 (21.7%) and
30 (17.6%), respectively.

Association of postoperative NLR with clinicopathological
features. The relation of surgery and NLR value is shown in
the time course in Figure 2. On the whole, the NLR value
was decreased gradually after surgical operation, suggesting
that NLR might reflect inflammatory response against
cancer. Patients who had postoperative recurrent diseases had
a significantly higher level of NLR than those without
recurrence (Figure 2). Median value of NLR preoperatively
and at one month, 6 months, 1-year, and 2-years after
surgery and at the time of recurrence were 2.12, 1.58, 1.39,
1.44,1.49 and 2.45, respectively.

Patients were divided into two groups with either high or
low values of NLR and PNI based on the cut off vales which
were determined using Receiver Operating Characteristic
(ROC) Curve analysis. The cut off values of NLR and PNI
were 1.99 and 46.2 respectively (Figure 3). The summary of
correlations of inflammatory indices with patients’
characteristics are shown in Table II. Elevation of
postoperative NLR was associated with pathological lymph
node metastasis. Unlike NLR, PNI and mGPS correlated
with age and surgical procedure. Elderly patients and
patients that underwent total gastrectomy had lower PNI and
high GPS. Pathological lymph node metastasis was common
with three indices, NLR, PNI and mGPS. These three factors
correlated with each other, and many cases showed high
NLR value and low PNI and mGPS 1/2 (Table III).
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Table 1. Patient characteristics (n=170).

Age 65+10 Venous invasion
Gender Negative 114
Male 120 Positive 56
Female 50 Pathological T
Ope pT1 7
DG 92 pT2 28
TG 78 pT3 50
Macroscopic type pT4 85
Type 0 30 Pathological N
Type 1 9 pNO 7
Type 2 33 pN1 28
Type 3 81 pN2 50
Type 4 13 pN3 85
Type 5 4 Pathological Stage
Histology pStage 11 61
Differentiated 73 pStage III 109
Undifferentiated 95 Recurrence
Lymphatic invasion Peritoneal metastasis 30
Negative 23 Liver metastasis 11
Positive 147 Distant Lymph node 26
Other 4
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Figure 2. NLR value according to a time course after surgery. The data
of each case’s NLR at the time of pre-operation, 1, 6, 12, 24 months and
at recurrence is shown in the boxplot. The horizontal line at the center of
each box shows the median value, and the upper and lower horizontal
lines show the third quartile and the first quartile, respectively.

Impact of inflammatory index on progression-free survival.
The risk factors for postoperative recurrence were next
examined. Univariate analysis revealed that patients with
high age (>75), those that underwent total gastrectomy, had
pN2/3 or pStage III, had poor prognosis (Table IV). With
regard to blood examination, elevation of tumor markers,
high GPS, low PNI and high NLR were associated with
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Figure 3. ROC curve of NLR and PNI. The continuous variable density
of NLR and PNI were used as the test variable and postoperative
recurrence as the state variable. An investigation of the cut-off value
score showed the most appropriate cut-off value for the NLR to be 1.99
(AUC; 0.751, the sensitivity was 0.701 and the specificity was 0.522)
and for the PNI to be 46.2 (AUC; 0.724, the sensitivity was 0.582 and
the specificity was 0.567). Therefore, the cut-off value for analysis was
set at 1.99 for NLR and 46.2 for PNI.

postoperative recurrence. Multivariate analysis indicated that
total gastrectomy, pStage III, elevated tumor markers and
NLR were significantly associated with poor prognosis, but
not PNI and mGPS. 5-year progression free survival rate was
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Table II. Association of NLR, PNI and mGPS with clinical background.

NLR PNI mGPS
Low High p-Value Low High p-Value 0 12 p-Value
Age
>75 86 55 0.205 16 13 0.0059 19 10 0.015
<75 14 15 39 100 126 15
Gender
Male 66 54 0.116 41 79 0.5302 103 17 0.842
Female 34 16 14 34 42 8
Ope
DG 57 35 0.364 19 72 0.003 85 7 0.0045
TG 43 35 36 41 60 18
Macroscopic type
Type 0,1,2,3 93 64 0.704 47 108 0.0265 134 23 0.139
Type 4 7 6 8 5 11 2
Histology
Differentiated 47 28 0.356 23 51 0.684 65 10 0.404
Undifferentiated 53 42 32 62 80 15
Lymphatic invasion
Negative 12 11 0.485 6 17 0.456 20 11 0.826
Positive 88 59 49 96 125 14
Venous invasion
Negative 68 46 0.755 39 74 0.479 99 15 0.6115
Positive 32 24 16 39 46 10
Pathological T
pT1/2 22 13 0.586 9 26 0.3119 33 2 0.0609
pT3/4 78 57 46 87 112 23
Pathological N
pNO/1 47 22 0.0419 16 52 0.0338 59 10 0.0169
pN2/3 53 48 39 61 86 15
Pathological Stage
pStage 11 41 20 0.0964 15 45 0.111 51 10 0.107
pStage III 59 50 40 68 94 15
79.4% in patients with high postoperative NLR and 33.4%  Table IIl. Correlation of NLR with PNI and mGPS.
in those with low NLR (p<0.0001). These differences in the )
survival rate were recognized in each stage as well (Figure Low PNI High PNI p-Value
4A and B). Importantly, patients with low values of both | = \ir (n=100) 12 86 0.0001
NLR and CEA after surgery had the most favorable  High NLR (n=70) 43 27
prognosis, but patients with high values in both, had a three-
year relapse-free survival rate of 0% (Figure 4C). mGPS 0 mGPS 1/2 p-Value
. . Low NLR (n=100) 95 5 0.0001
Discussion High NLR (n=70) 50 20
In this study, postoperative NLR was found to be an mGPS 0 mGPS 172 p-Value
1nc.lependent predictive fact.or for patients treat-ed with S-1 Low PNI (n=55) 35 20 0.0001
adjuvant chemotherapy against stage II/III gastric cancer. In High PNI (n=113) 108 5

addition, NLR was shown to be useful as a prognostic factor
as compared to postoperative PNI and mGPS. Although
several studies showed that preoperative elevated value of
NLR was associated with poor prognosis, the difference
between our study and previous studies is that we examined
the relationship between postoperative NLR and relapse.
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Table IV. Prognostic factors.

Univariate analysis

Multiivariate analysis

HR 95%CI p-Value HR 95%CI p-Value

Age

75< vs. 75> 2.029 1.098-3.53 0.0251 1.661 0.879-2.95 0.113
Gender

Male vs. Female 1.301 0.766-2.323 0.3383
Ope

TG vs. DG 2.359 1.448-3.923 0.0005 1.751 1.023-3.039 0.041
Macroscopic type

Type 4 vs. Other 1.933 0.850-3.828 0.1085
Histology

Undifferentiated vs. diff 1.265 0.777-2.104 0.3466
Lymphatic invasion

Positive vs. Negative 1.658 0.778-4.294 0.2053
Venous invasion

Positive vs. Negative 1.475 0.891-2.398 0.1281
Pathological T

pT3/4 vs. pT1/2 1.658 0.864-3.591 0.1343
Pathological N

pN2/3 vs. pNO/1 2.154 1.277-3.800 0.0035
Pathological Stage

pStage III vs 11 2.214 1.279-4.704 0.0038 22 1.191-4.294 0.011
Post CEA elevation

Positive vs. negative 4.29 2.626-7.024 <0.0001 2.392 1.357-4.211 0.0026
Post CA19-9 elevation

Positive vs. negative 5.145 2.891-8.771 <0.0001 2.582 1.380-4.677 0.0036
Post mGPS

1,2vs.0 4.145 2.362-6.994 <0.0001 1.709 0.863-3.252 0.119
Post PNI

Low vs. High 3.143 1.887-5.433 <0.0001 1.235 0.617-2.445 0.547
Post NLR

High vs. Low 4.642 2.773-8.059 <0.0001 251 1.273-4.978 0.008

used, however, the possibility of a false positive or false
negative result is high. In this study, we showed that
postoperative NLR decreased with time after surgery
compared with preoperative NLR but increased at
recurrence, indicating that NLR could reflect the tumor as
tumor marker. Importantly, the most favorable prognosis
was obtained when both NLR and CEA were low. These
results suggested that there is a correlation between NLR
and CEA.

Host inflammatory response is important in the
development and progression of cancer (17). Nutritional
status is also associated with prognosis of cancer. It has been
reported that remarkable loss of weight after gastrectomy is
one of the poor prognostic factors (18). Kiuchi et al. showed
that postoperative serum albumin was related with prognosis
(19). PNI, which is generally used to assess the nutritional
status of patients, has been related with patient prognosis
(20). Our results showed that there was a difference between
PNI or mGPS and NLR in relation to patient background.

Total gastrectomy and elderly patients had low PNI and high
mGPS status. These results suggested that both PNI and
mGPS, which were determined based on serum albumin
concentration, more strongly reflected the patient’s
nutritional status than NLR. In this study, multivariate
analysis revealed that NLR was associated independently
with recurrence free survival. These results indicated that
NLR was a more affordable and accessible biomarker
compared with PNI or GPS and that immune response or
inflammation affected the effectiveness of S-1 adjuvant
chemotherapy. NLR can reflect the balance of inflammatory
response and immune response. We previously demonstrated
the association of intratumor infiltrating neutrophils with
poor prognosis in gastric cancer patients (21). There are
several reports about the prognostic value of pre-operative
or pre-treatment NLR in gastric cancer patients (22, 23). This
study, which examined the impact of postoperative NLR on
response of S-1 adjuvant chemotherapy, is novel compared
to previous reports.
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Figure 4. Kaplan—Meier curves of the relapse-free survival that compared NLR high group with low group. A, B) The relapse free survival rate of

patients with low NLR was significantly higher than that of patients with
elevated CEA had a much worse prognosis compared to other groups.

On the other hand, there are several limitations in this
study. First, this is predominantly an observational study not
RCT. Second, further complication to the primary outcome
is the known correlation of NLR with other life-threatening
condition such as cardiovascular, renal and hepatic diseases.
The data of patients with these conditions were included.
Third no direct evidence of relationship of NLR with
decreased immune response was shown.

In conclusion, NLR might be an attractive biomarker, such
as CEA, for predicting recurrence after adjuvant chemotherapy
using S-1 for Stage II/III gastric cancer patients.
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