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Abstract

Purpose The neutrophil-lymphocyte ratio (NLR) is a
biochemical marker of the systemic inflammatory response
and has been associated with prognosis for various types of
cancer. This retrospective study investigates the relationship
between the pre- and postoperative NLR and the prognosis
of gastric cancer patients.

Methods The subjects were 280 patients who underwent
curative surgery for histopathologically diagnosed gastric
adenocarcinoma.

Results The preoperative NLR was significantly correlated
with tumor size, tumor depth, lymphatic invasion, venous
invasion, and disease stage. In contrast, there was no cor-
relation between the postoperative NLR and the various
clinicopathological variables. Prognosis was significantly
worse for patients with a high preoperative NLR than for
those with a low preoperative NLR. Prognosis was also sig-
nificantly worse for patients with a high postoperative NLR
than for those with a low postoperative NLR. Furthermore,
the prognosis was worse for gastric cancer patients whose
pre- and postoperative NLRs were both high. Multivariate
analysis indicated that a high pre- and postoperative NLR
was an independent prognostic indicator.

Conclusions The combination of pre- and postoperative
NLRs appears to be useful for predicting the prognosis of
gastric cancer patients.
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Introduction

In 2008, there were an estimated 989,600 new cases of gas-
tric cancer worldwide and 738,000 deaths, accounting for 8
and 10% of total cancer cases and cancer deaths, respectively
[1]. As such, establishing postoperative prognostic factors
for gastric cancer patients is important. Several studies have
indicated that depth of invasion and lymph node metastasis
are the most important prognostic factors in gastric cancer
[2, 3]. Recent advances in histochemical and molecular bio-
logical techniques have identified different prognostic fac-
tors [4-9]; however, they are complicated and unsuitable
for the routine clinical setting. Moreover, long-term studies
are needed to address whether these markers can be used in
treatment strategies. In contrast, serum markers are easy to
measure and useful for diagnosis, predicting survival rates,
and monitoring recurrence following surgery [10, 11].

Systemic inflammatory response plays an important role
in cancer development and progression. Markers of sys-
temic inflammation have been demonstrated as independ-
ent prognostic factors for survival in several malignancies
including colon, lung, pancreatic, hepatobiliary, and gastric
cancer [12-20]. The neutrophil-lymphocyte ratio (NLR) is
a commonly used marker that has been reported as a prog-
nostic factor [18-20]. While most studies have focused on
the preoperative NLR, the postoperative NLR may be rep-
resentative of systemic inflammatory response after tumor
removal. To date, there have been no reports on the relation-
ship between the postoperative NLR and the prognosis of
gastric cancer patients.
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Some gastric cancer patients suffer disease recurrence
after RO resection because of micrometastasis. Since sys-
temic inflammatory response plays an important role in can-
cer progression, a high postoperative NLR may support the
development of micrometastasis in gastric cancer patients
and contribute to disease recurrence following curative gas-
trectomy. Therefore, the aim of this study was to establish
the prognostic significance of pre- and postoperative NLRs
in patients with gastric cancer.

Materials and methods
Patients

This study enrolled 280 patients with a histopathological
diagnosis of gastric adenocarcinoma, who underwent cura-
tive surgery at Tottori University Hospital between 2001 and
2013. Data were collected retrospectively. Clinicopathologi-
cal findings were established according to the 14th edition
of the Japanese Classification of Gastric Carcinoma [21].
All patients underwent distal partial, proximal partial, or
total gastrectomy with regional lymph node dissection. The
postoperative NLR was measured 1 month after surgery and
the Clavien—-Dindo (CD) system was used to classify each
patient’s postoperative complications [22, 23].

Among the 280 patients included in the current study, 62
received adjuvant chemotherapy, but none received preop-
erative chemotherapy. Nine patients were treated with ura-
cil-tegafur (UFT, TAIHO Co, Japan) and 53 were treated
with S-1 (TAIHO Co, Japan). These patients received
200-400 mg of UFT, 2-3x daily orally, or 80 mg/m*/day
oral S-1. These regimens were administered for 612 months
postoperatively in principle. Patients were checked periodi-
cally for early recurrence by diagnostic imaging, includ-
ing chest X-ray, double-contrast barium meal study, upper
gastrointestinal fiberscopy, ultrasonography, and computed
tomography. Causes of death and patterns of recurrence
were established by reviewing medical records, including
laboratory data, ultrasonography, computed tomography,
scintigrams, peritoneal punctures, and laparotomies, or by
direct inquiry with family members. In some cases, post-
mortems were undertaken to confirm the cause of death.
Institutional review board approval was obtained, and the
informed consent requirement was waived for this study.

Statistical analysis

For statistical analyses, Chi square and Fisher’s exact prob-
ability tests were used to compare the distribution of individ-
ual variables between patient groups. Differences between
the two groups were evaluated using the Mann—Whitney
U test. Survival curves were calculated according to the

Kaplan—Meier method. Differences between survival curves
were examined with the log-rank test. We used multivariate
analysis of factors considered prognostic of overall survival
(OS), with Cox’s proportional hazards model and a stepwise
procedure. P < 0.05 was considered significant. GraphPad
Prism (GraphPad Software, Inc., La Jolla, CA, USA) and
Stat View (Abacus Concepts, Inc., Berkeley, CA, USA) soft-
ware were used for statistical analyses.

Results

The mean pre- and postoperative NLRs were 2.32 (range
0.36-8.7) and 1.99 (range 0.46-12.3), respectively. There
was a significant correlation between the pre- and post-
operative NLRs (r = 0.38; P < 0.0001) (Fig. 1). Table 1
shows the correlations between the pre- and postoperative
NLRs and clinicopathological variables in the gastric can-
cer patients. There were significant correlations between
a high preoperative NLR and tumor size (P = 0.0006),
depth of invasion (P = 0.0003), lymphatic vessel invasion
(P = 0.0184), venous invasion (P = 0.0181), and stage of
disease (P = 0.0119). In contrast, there was no correlation
between the postoperative NLR and clinicopathological vari-
ables in patients with gastric cancer (Table 1). In the current
study, 62 patients underwent adjuvant chemotherapy. The
postoperative NLR was 1.7 + 0.82 and 2.1 + 1.4 in patients
who received vs. those who did not receive adjuvant chem-
otherapy, respectively. This difference was not significant
(P =0.11). Of the 280 patients, 177 and 103 underwent open
and laparoscopic surgery, respectively. The postoperative
NLR was 2.0 & 1.4 vs. 2.0 + 1.0 in patients who underwent
open surgery vs. those who underwent laparoscopic surgery,
respectively. This difference was not significant (P = 0.13).
Furthermore, 66 patients (23.6%) suffered Clavien—Dindo
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Fig. 1 Correlation between the pre and postoperative neutrophil—
lymphocyte ratio (NLR) in patients with gastric cancer. The preop-
erative NLR was significantly correlated with the postoperative NLR
(r=10.34; P < 0.0001)
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Table 1 Relationships between

. Variables Preoperative NLR P value Postoperative NLR P value
the pre- and postoperative
ne(t;tr;)phiklyn}:p{loqte; ratio Age (years) 0.163 0.215
cancer >65 2.18 + 1.00 1.87 £ 1.10
Gender 0.928 0.224
Male 230+ 1.11 2.00 + 1.16
Female 236 +1.29 1.95 +1.57
Tumor size (cm) 0.0006 0.351
<8 223 +1.07 1.98 + 1.31
>8 3.13 +1.61 2.07 + 1.00
Depth of invasion 0.0003 0.166
T1 (early) 2.10 + 1.00 2.05 +1.34
T2/3/4 (advanced) 2.62+1.29 1.90 + 1.19
Lymph node metastasis 0.0648 0.875
Absent 224 +1.12 2.02 +1.39
Present 2.50 +1.23 1.92 + 0.98
Lymphatic involvement 0.0184 0.697
Absent 215+ 1.12 2.04 +1.45
Present 245 +1.17 1.95 + 1.14
Vascular involvement 0.0181 0.57
Absent 2.11+0.92 2.03 +1.38
Present 2.52 +1.33 1.94 + 1.18
Histology 0.847 0.0795
Differentiated 232+ 1.18 2.04 +1.17
Undifferentiated 231 +1.14 1.91 +1.42
Stage 0.0119 0.375
I 2.19 +1.09 2.07+142
/111 2.54+1.24 1.85 +0.98
Preoperative CEA (ng/ml) 0.939 0.862
<5 232+ 1.17 1.98 +1.28
>5 2.30 +1.08 2.01 +1.34
Preoperative CA19-9 (U/ml) 0.789 0.321
<35 232+ 1.17 1.98 +1.28
>35 2.31 + 1.00 214 +1.32

All results are expressed as mean + SD

NLR neutrophil-lymphocyte ratio

grade II or higher complications (Table 2). The postopera-
tive NLR was 1.6 + 0.79 vs. 2.1 + 1.4 in patents without
vs. those with Clavien—Dindo grade II or higher compli-
cations, respectively, and this difference was significant
(P < 0.0001). The postoperative NLR was 2.2 + 1.4 vs.
2.2 + 1.2 in patients with infectious complications vs. those
with non-infectious complications, respectively. This differ-
ence was not significant (P = 0.68).

Next, we investigated the prognostic significance of the
pre- and postoperative NLRs in patients with gastric cancer.
Receiver operating characteristic (ROC) analysis showed the
optimal cutoff values of the pre- and postoperative NLRs
to be 2.7 (area under the curve (AUC) 0.57, P = 0.12) and
1.8 (AUC 0.58, P = 0.08), respectively (Fig. 2). Based on
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these results, patients were divided as follows: preNLR >2.7
(preNLRHi#" 5 = 84), preNLR <2.7 (preNLR™Y, n = 196),
postNLR >1.8 (postNLRH#" 1 = 114), and postNLR <1.8
(postNLR™Y, n = 166). The 5-year survival rates were
significantly related to the preNLR (preNLR™Y, 83.0%;
preNLRHigh, 63.2%; P = 0.03; Fig. 3a) and the postNLR
(postNLRY, 82.7%; postNLR™€" 68.5%; P = 0.0018;
Fig. 3b).

Among the 280 patients in the current study, 51
were both preNLRM" and postNLRM€"; 96 were either
preNLRM" or postNLRi€"; and 133 were both preNLR""
and postNLR™Y. The patients with both preNLR™*" and
postNLRM¥, those with either preNLRM2" or postNLRHie",
and those with preNLR™€" and postNLRM " were assigned
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Table 2 Postoperative complications

Infectious complications 41
Pancreatic fistula 1
Pneumonia
Intraabdominal abscess
Anastomotic leakage
Wound infection
Others

Non-infectious complications 25

N A9 9 0D

Anastomotic stenosis
Lymphorrhea
Bleeding
Arrhythmia

Others
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0, 1, and 2, respectively. An ROC analysis indicated that
the AUC was 0.61, which was higher than that for the indi-
vidual use of either the preNLR or the postNLR (Fig. 4).
The 5-year survival rates of patients with both preNLRHi#!
and postNLRME" those with either preNLRME" or
postNLRH " and those with both preNLRMY and
postNLRLDW were 58.1, 75.1, and 92.8%, respectively.
The prognosis of the preNLR™€"/postNLR™iE" group was
significantly worse than that of those who were either
preNLRM " or postNLRHEN, or preNLRY¥/preNLR-*Y
(Fig. 5). Finally, multivariate analysis indicated that the
combination of pre- and postoperative NLRs was an inde-
pendent prognostic indicator (Table 3).

Regarding the correlation between the cause of death
and the NLR, recurrence was found significantly more
often in patients with both preNLRH2" and postNLRMieh
and in patients with either preNLRH!€" or postNLRHigh,
than in patients with both preNLR™Y and postNLRM¥
(Fig. 4). The other disease was more frequent in patients
with both preNLRM 2" and postNLRH#" than in those with
either preNLR™" or postNLRM " or those with both

Fig. 2 Comparison of the areas (a)
under the receiver operating 1
curves for outcome prediction
between the preoperative NLR
(a) and the postoperative NLR
(b)

0.5 1

Sensitivity

preNLR™" and postNLR™Y, but the differences were not
significant (Fig. 6).

Discussion

The outcome of patients with cancer is largely deter-
mined not only by tumor-related factors, but also by
patient-related factors, including inflammation, malnu-
trition, and immune status [12-20, 24, 25]. In the cur-
rent study, we demonstrated that preNLR™E" was sig-
nificantly associated with the poor prognosis of gastric
cancer patients. This finding is consistent with that of
a previous report [19]. Although previous studies have
highlighted preoperative NLR, the dynamics of NLR
after treatment can better reflect the balance between pro-
tumor inflammatory status and anti-tumor immune status
[26, 27]. Therefore, we hypothesized that post-treatment
NLR may also be a significant prognostic factor predic-
tive of the survival outcome for gastric cancer patients.
Our results demonstrated that the prognosis of patients
with postNLRME" was significantly worse than that of
those with postNLRM®Y, indicating that postoperative
NLR, as well as preoperative NLR, is useful for predict-
ing the prognosis of gastric cancer patients. In the cur-
rent study, 51 patients with preNLRM " and 63 patients
with preNLRM®Y were postNLRM€" even 1 month after
RO surgery. Although it is unclear why a high NLR was
observed in those patients, three mechanisms have been
proposed. One is the effect of residual tumor cells, which
secrete various pro-inflammatory cytokines, and negative
immune modulators, which trigger relative neutrophilia
and lymphocytopenia. Another possible mechanism is the
effect of postoperative complications. In fact, the post-
operative NLR was significantly higher in patients with
postoperative complications than in those without post-
operative complications in the current study. The NLR
increases not only neutrophilia induced by inflammation,
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Fig.3 a Survival curves according to the preoperative NLR.
The 5-year survival rate was significantly worse for patients with
preNLRYEN than for those with preNLR™Y (63.2 vs. 83.0%,
P = 0.03). b Survival curves according to the postoperative NLR.
The 5-year survival rate was significantly worse for patients with
postNLRM " than for those with postNLRXY (82.7 vs. 68.5%,
P =0.0018)
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Fig. 4 ROC curves of the combination of pre and postoperative
NLRs for survival status

but also lymphopenia induced by malnutrition, which is
caused by anastomotic stenosis, lymphorrhea, and bleed-
ing, as observed in the current study. Therefore, there
was no significant difference in the postoperative NLR
between patients with infectious complications and those
with non-infectious complications. Recent studies have
demonstrated that postoperative complications are closely

@ Springer

cell-mediated immunity, which results in a poor prognosis
for gastric cancer patients. Therefore, the poor prognosis
of patients with postNLR™" in the current study might be
due in part to their postoperative complications. The other
possible mechanism is surgical stress, which was found to
induce neutrophilia and lymphocytopenia, resulting in a
high NLR. However, this is unlikely because we demon-
strated previously that both neutrophilia and lymphocyto-
penia induced by surgical stress recover within 1 month
after surgery [30]. On the other hand, 62 patients received
postoperative adjuvant chemotherapy in the current study.
As chemotherapy induces neutropenia, it is possible that
postoperative adjuvant chemotherapy is associated with
postoperative NLR. In this regard, there was no significant
difference in the postoperative NLR between patients who
received and those who did not receive postoperative adju-
vant chemotherapy. The postoperative NLR was measured
1 month after surgery in this study. However, as postopera-
tive adjuvant chemotherapy was initiated 4-6 weeks after
surgery in principle, the effect of postoperative adjuvant
chemotherapy on postoperative NLR was probably limited.

The precise mechanisms underlying the association
between an increased NLR and the adverse outcomes of can-
cer patients remain unclear. Ock et al. reported recently that
the NLR is mainly associated with osteopontin and interleu-
kin-6 (IL-6) in gastric cancer patients. Osteopontin and IL-6
are well-known chemotactic factors for neutrophils [31, 32].
High levels of osteopontin and IL-6 have been reported to
be associated with a poor prognosis for most tumor types,
including gastric cancer [33-35]. Osteopontin can modulate
extracellular remodeling to promote epithelial-mesenchymal
transition and angiogenesis [36, 37]. IL-6 can activate the
signal transducer and activator of the transcription signaling
pathway, which induces cancer progression [32, 35]. A high
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Table 3 Univariate and multivariate analyses of factors prognostic of overall survival for patients with gastric cancer

Variables Univariate analysis Multivariate analysis
P value HR 95% C1 P value HR 95% CI

Age (years)* <0.0001 1.062 1.037-1.089 <0.0001 1.08 1.053-1.108
Gender (male vs. female) 0.2739 1.347 0.790-2.296 0.0196 1.913 1.110-3.299
Tumor size (cm)? 0.0013 1.126 1.047-1.210 0.016 1.108 1.019-1.205
Depth of invasion (T1-T4)° <0.0001 1.614 1.311-1.986

Lymph node metastasis (NO-N3)° <0.0001 1.587 1.310-1.923 <0.0001 1.699 1.378-2.094
Lymphatic involvement (ly0-3)¢ <0.0001 1.698 1.372-2.100

Venous involvement (v0-3)° <0.0001 1.596 1.298-1.962

Histology (differentiated vs. undifferentiated)’ 0.8231 0.949 0.598-1.505

Stage (I-11I) <0.0001 1.953 1.487-2.565

Preoperative CEA* 0.0137 1.014 1.003-1.026

Preoperative CA19-9* 0.1511 1.001 0.999-1.003

Combination of pre and postoperative NLR 0.001 2.352 1.414-3.912 0.0125 1.96 1.156-3.324

(preNLRM€" and postNLR™2" vs. other)

HR hazard ratio, CI confidence interval
2Continuous variable

"Depth of invasion: T/ tumor invasion of the lamina propria or submucosa, 72 tumor invasion of the muscularis propria, T3 tumor invasion of
the subserosa, 74 tumor penetration of the serosa or tumor invasion of adjacent organs

‘Lymph node metastasis: NO no regional lymph node metastasis, N/ Metastasis in 1-2 regional lymph nodes, N2 metastasis in 3—6 regional
ymp. g ymp g ymp. g
lymph nodes, N3 metastasis in 7 or more regional lymph nodes

dLymphatic involvement: Iy0—Iy3 grade of lymphatic invasion
®Venous involvement: vO—v3 grade of venous invasion

Histology: differentiated, papillary or tubular adenocarcinoma; undifferentiated, poorly differentiated or mucinous adenocarcinoma, or signet
ring cell carcinoma

(%) B PreNLRUE/postNLRIih improves the survival outcomes of patients with various

”5 p=0.006% gzgﬁ?ﬁ/ggiﬁgﬁmgh malignancies [24]. Recently, Choi et al. demonstrated that

within the tumor microenvironment, NLR was associated

20 - with the density of CD4* T cells, which leads to prog-

nostic values of systemic inflammation in gastric cancer

15 1 [39]. Taken together, the NLR is a risk factor of systematic

inflammation, which reflects the balance between pro-tumor

107 inflammatory status (neutrophilia) and anti-tumor immune
5 | status (lymphopenia).

Our results suggest that the correlation between the pre-

0 - operative and postoperative NLRs was weak. This is reason-

Other disease

Recurrence

able because the mechanisms for a high NLR are different
before and after surgery. Therefore, we hypothesized that
the combination of the pre- and postoperative NLR might
be more useful to predict the prognosis of gastric cancer
patients than either the preoperative NLR or the postopera-
tive NLR. In fact, the AUC of the combination of the pre-

Fig. 6 Causes of death according to the combination of pre and
postoperative NLR. Recurrence was found significantly less often in
patients with both preNLR™" and postNLR¥ than in other patients

NLR also reflects a decreased lymphocyte count, as well as
an increased neutrophil count. Because lymphocytes can act
as a T cell-mediated immune surveillance system, decreased
circulating lymphocytes indicate significant impairment of
the immune defense against cancer [38]. Findings show that
elevated lymphocyte counts are significantly associated with
a good prognosis and that the recovery of lymphocytopenia

and postoperative NLR was higher than that of the indi-
vidual use of either the preoperative or postoperative NLR,
indicating that the combination of pre- and postoperative
NLRs was more useful to predict the prognosis of gastric
cancer patients than either the preoperative NLR or the post-
operative NLR. In fact, the prognosis of patients with either
preNLRMi€" or postNLRM€" was significantly better than that
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of those with both preNLR™€" and postNLRM€" and worse
than that of those with both preNLR™" and postNLRY.
Furthermore, multivariate analysis indicated that the com-
bination of pre- and postoperative NLR was an independent
prognostic indicator.

This study had some limitations. First, because it was
retrospective, there was some bias. Second, we measured the
NLR 1 month after surgery and used this as the postopera-
tive NLR; however, the best timing to measure postoperative
NLR remains unclear. Third, the number of patients in the
current study was small; therefore, a large-scale, prospective,
randomized, controlled trial is needed to confirm the results.

In conclusion, the combination of pre- and postopera-
tive NLR appears to be useful for predicting the prognosis
of gastric cancer patients. Because a peripheral blood cell
count is a quick, easy, and non-invasive assay, measuring
the pre- and postoperative NLR may be a useful biological
marker in the routine clinical setting.
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