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Abstract

Background The neutrophil-lymphocyte ratio (NLR) is
associated with a poor prognosis in many cancers but the
biological mechanisms involved are unknown. Since
cytokines and angiogenic factors (CAFs) are reflected by
various immune responses, we analyzed the association
between the NLR and CAFs and their prognostic impli-
cations in gastric cancer (GC).

Methods Of 745 GC patients who were enrolled in NLR
analysis, 70 underwent NLR and CAF association analyses.
Pretreatment serum levels of 52 CAFs were measured by
means of multiplex bead immunoassays and enzyme-
linked immunosorbent assays. Linear regression analysis
and survival analysis of the NLR with each CAF were
performed.

Results Metastatic organ numbers and carbohydrate anti-
gen 19-9 levels were significantly higher in patients with a
high NLR [greater than 2.42 (median): P = 0.047 and
P < 0.001 respectively]. The overall survival was signifi-
cantly worse in the high NLR group (17.8 months vs
11.2 months, P < 0.001). In CAF analysis, osteopontin
(R* = 0.337, P <0.001) and interleukin-6 (R*> = 0.141,

Electronic supplementary material The online version of this
article (doi:10.1007/s10120-016-0613-5) contains supplementary
material, which is available to authorized users.

< Do-Youn Oh
ohdoyoun@snu.ac.kr

Department of Internal Medicine, Seoul National University
Hospital, 101 Daehak-ro, Jongno-gu, Seoul 110-744, Korea

Cancer Research Institute, Seoul National University College
of Medicine, Seoul, Korea

Medical Research Collaborating Center, Seoul National
University Hospital, Seoul, Korea

@ Springer

P = 0.001) were significantly associated with the NLR.
Stromal-cell-derived factor 1 (SDF-1) was a significant
poor prognostic factor independently of the NLR. Con-
sideration of both the NLR and SDF-1 divided patient
groups with different overall survival (both low, 21.0
months; either high, 15.8 months; both high, 8.2 months).
Conclusion The NLR is a significant poor prognostic
factor in advanced GC. The NLR is mainly associated with
osteopontin and interleukin-6. Besides the NLR, SDF-1 is
an independent poor prognostic factor in GC. Considera-
tion of both the NLR and SDF-1 might give insights into
antitumor immunity in GC.

Keywords Neutrophil-lymphocyte ratio - Cytokines -
Angiogenic factors - Gastric cancer - Stromal-cell-derived
factor 1

Introduction

Gastric cancer (GC) is the third leading cause of cancer
deaths worldwide [1]. In advanced GC, the long-standing
cornerstone of treatment is systemic chemotherapy [2].
However, despite recent progress in GC treatment, the dire
prognosis of this cancer requires urgent improvement.

A very heterogeneous tumor, GC exhibits diverse
prognoses according to various intrinsic characteristics.
Therefore, the development of efficient treatment strategies
for the various prognostic groups within GC is important.
With this, we can more readily understand the underlying
biological mechanisms of each subtype of GC to effec-
tively individualize each treatment strategy.

Several prognostic factors in GC have been reported:
performance status, tumor burden, tumor markers such as
carbohydrate antigen 19-9 (CA-19-9), the high metabolic
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landscape of the tumor, and weight loss during
chemotherapy have been independently correlated with a
poor prognosis [3-7].

Growing evidence suggests that not only the tumor itself
but also its niche and inflammatory cytokines are important
considerations when one is defining each tumor. The neu-
trophil-lymphocyte ratio (NLR) has been shown to be a
well-validated prognostic factor in solid tumors such as
those of the lung and breast, as well as hepatocellular and
renal cell carcinomas [8—12]. The NLR is a well-known
biomarker of cancer-associated inflammation. However,
the exact underlying biological mechanisms of how the
NLR contributes to a poor prognosis have not been clearly
defined, and the type of immune response related to the
NLR remains unknown [13, 14].

Cytokines and angiogenic factors (CAFs) work in the
context of a complex network. In cancer and especially in
GC, however, an association between a simple NLR and
complex CAFs has not previously been reported. To
evaluate gross pathophysiological changes, along with the
NLR, in cancer, CAFs associated with the NLR need to be
assessed. Since a high NLR status may be caused by
granulocyte recruitment and a relative lymphopenia, CAFs,
which activate granulocytes and regulate lymphocytes,
could be associated with the NLR [13]. Previous reports
have suggested an association between the NLR and a CAF
such as interleukin (IL)-17 in hepatocellular carcinoma
[15], as well as IL-6, IL-8, and other CAFs in colorectal
carcinoma [16, 17]. However, the demonstration of a CAF
association with the NLR in GC, and the prognostic impact
of such an association, is lacking. It is conceivable that a
subset of CAFs could induce an immunosuppressive tumor
microenvironment while at the same time also generating a
premetastatic niche to promote cancer metastasis [18, 19].
Therefore, a specific subset of CAFs could have a genuine
role in enhancing cancer progression.

In the current study, we aimed to evaluate the prognostic
role of the NLR in the context of associated CAFs and
ascertain an independent CAF signature, which can define
different prognostic subsets of GC patients in addition to
the NLR.

Patients and methods
Patients

This study was a retrospective analysis of deidentified
patient-level data collected from medical records. Patients
with GC diagnosed at Seoul National University Hospital,
Republic of Korea, between September 2004 to March
2014 were included in the analysis if they were older than
18 years, had a histologically confirmed, recurrent, or

metastatic GC, an Eastern Cooperative Oncology Group
performance status of between 0 and 2 [20], adequate organ
function, and available NLR data acquired before the
administration of first-line palliative chemotherapy (NLR
cohort, N = 745). The NLR was calculated as a neutrophil
count divided by a lymphocyte count. During that period,
we prospectively performed the biomarker study, which
was approved by the Institutional Review Board, and after
obtaining informed consent from patients, we collected
serum samples from recurrent or metastatic GC patients
before initiation of the first-line palliative chemotherapy.
Among the patients who gave their consent for their par-
ticipation in the biomarker study, we randomly selected 70
patients for CAF analysis in an unbiased manner (CAF
cohort, N = 70).

Sample preparation and CAF analysis

All selected patients provided written informed consent for
the collection of blood samples for biomarker analysis.
Specimens were obtained before the initiation of palliative
chemotherapy. A total of 52 CAFs present in serum were
analyzed with multiplex bead suspension array kits by
means of the Bio-Plex 200 system according to the man-
ufacturer’s instructions (Bio-Rad Laboratories, Hercules,
CA, USA), including human group I and group II cytokine
panels as described in previous reports [21, 22]. Serum
concentrations of soluble carbonic anhydrase IX, soluble
vascular endothelial growth factor receptor 2, placental
growth factor, and osteopontin were determined by
enzyme-linked immunosorbent assay (R&D Systems,
Minneapolis, MN, USA). Each serum sample was analyzed
in duplicate, and mean CAF concentrations were reported
in picograms per milliliter. Some analytes, for which more
than 50 % of patients had nondetectable levels or showed
coefficients of variation greater than 20 %, were not
included in subsequent analyses. Analytes that had non-
detectable levels were recorded as half of the lower
threshold value.

Statistical analysis

The primary objective of this study was to assess the
prognostic impact of the NLR, and to identify CAFs that
show an association with the NLR and their pragmatic
implications for GC. CAF concentrations analyzed in the
study were log-transformed because the concentrations
were highly skewed in all samples. Overall survival (OS)
and progression-free survival (PFS) were calculated as the
time between the first administration of palliative first-line
chemotherapy and either death or the final follow-up visit,
and the time between the first administration of palliative
first-line chemotherapy and when disease progression was
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Table 1 Patient characteristics according to the neutrophil-lymphocyte ratio (NLR)

Total (N = 745) NLR < 2.42 (N = 372) NLR > 2.42 (N = 373) P°
NLR
Median 2.42 1.66 3.66 <0.001
Range 0.40-17.78 0.4-2.42 2.42-17.78
Age (years)
Median 60 60 61 0.213
Range 20-89 20-89 20-85
Sex
Male 534 (71.7 %) 266 (71.5 %) 268 (71.9 %) 0.917
Female 211 (28.3 %) 106 (28.5 %) 105 (28.2 %)
ECOG PS
0 85 (11.4 %) 48 (12.9 %) 37 (9.9 %) 0.001
1 587 (78.8 %) 304 (81.7 %) 283 (75.9 %)
2 73 (9.8 %) 20 (5.4 %) 53 (14.2 %)
Palliative setting
Metastatic 517 (69.4 %) 211 (56.7 %) 306 (82.0 %) <0.001
Recurrent 228 (30.6 %) 161 (43.3 %) 67 (18.0 %)
Tumor location
Stomach 683 (91.7 %) 338 (90.9 %) 345 (92.5 %) 0.420
GEJ 62 (8.3 %) 34 (9.1) 28 (7.5)
Disease
Adenocarcinoma 597 (80.1 %) 299 (80.4 %) 298 (79.9 %) 0.867
(Pure) SRCs 134 (18.0 %) 67 (18.0 %) 67 (18.0 %)
Others 14 (1.9 %) 6 (1.6 %) 8 (2.1 %)
Contains SRCs 192 (25.8 %) 91 (24.5 %) 101 (27.1 %) 0414
HER2
Negative 597 (80.1 %) 307 (82.5 %) 290 (77.8 %) 0.102
Positive 148 (19.9 %) 65 (17.5 %) 83 (22.2 %)
Trastuzumab treatment 92 (12.4 %) 36 (9.7 %) 56 (15.0 %) 0.034
Lauren classification®
Intestinal 97 (35.8 %) 66 (35.3 %) 31 (36.9 %) 0.161
Diffuse 137 (50.6 %) 100 (53.5 %) 37 (44.1 %)
Mixed 37 (13.7 %) 21 (11.2 %) 16 (19.0 %)
CEA®
Median (ng/mL)° 2.3 (0.7-161) 2.3 (0.7-74) 2.3 (0.7-266) 0.053
>5 ng/mL 166 (29.9 %) 72 (24.7 %) 94 (35.5 %) 0.006
CA-19-9¢
Median (U/mL)° 16.0 (0.5-4300) 15.5 (0.5-1020) 17.7 (0.5-9410) 0.047
>37 U/mL 192 (37.1 %) 95 (35.3 %) 97 (39.0 %) 0.391
Mean number of metastatic organs + SE 2.21 £ 0.03 1.96 £+ 0.04 247 £ 0.04 <0.001
Median OS (months)® 14.4 (13.2-15.3) 17.8 (16.1-20) 11.2 (9.7-12.2) <0.001
Median PFS (months)® 6.5 (6.1-6.9) 7.3 (6.8-8.3) 5.6 (5.1-6.2) <0.001
ORR (%)° 34.4 (30.9-37.9) 34.8 (29.8-39.7) 34.1 (29.2-39.0) 0.850
DCR (%)° 83.1 (80.3-85.8) 86.2 (82.6-89.8) 80.1 (75.9-84.2) 0.030
Median follow-up (months)® 37.8 (1.6-117) 35.9 (1.6-108) 39.9 (6.6-117) 0.783

CA-19-9 carbohydrate antigen 19-9, CEA carcinoembryonic antigen, CI confidence interval, DCR disease control rate, ECOG PS Eastern
Cooperative Oncology Group performance status, GEJ gastroesophageal junction, HER2 human epidermal growth factor receptor 2, ORR overall
response rate, OS overall survival,PFS progression-free survival after palliative first-line chemotherapy, SE standard error, SRCs signet ring cells

? Not evaluated in 474 of 745 patients because of the small amount of tissue

® Measured at pretreatment in 556 of 745 patients

¢ The 95 % confidence interval is given in parentheses.dMeasured at pretreatment in 518 of 745 patients.

¢ Values in ifalics are statistically significant.
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Table 2 Univariate and multivariate Cox regression analysis for overall survival

Univariate Multivariate

HR® Pe HR® Pe
Age: continuous 1.00 (0.99-1.01) 0.490
Sex: female (vs male) 1.10 (0.93-1.31) 0.253
ECOG PS >2 3.30 (2.56-4.25) <0.001 2.55 (1.83-3.56) <0.001
Metastatic (vs recurred) 1.35 (1.13-1.60) 0.001 1.03 (0.81-1.30) 0.836
Shows SRC disease 1.41 (1.18-1.68) <0.001 1.21 (0.98-1.51) 0.080
HER?2 positive (vs HER2 negative)?® 0.89 (0.67-1.18) 0.417
Never treated with trastuzumab 1.50 (1.17-1.94) 0.002 1.64 (1.16-2.33) 0.005
CEA > median 1.04 (0.87-1.25) 0.648
CA-19-9 > median 1.44 (1.19-1.74) <0.001 1.34 (1.11-1.63) 0.003
Number of metastatic organs >3 1.57 (1.33-1.85) <0.001 1.55 (1.24-1.94) <0.001
Treatment response: SD or PD 1.76 (1.49-2.07) <0.001 1.59 (1.30-1.96) <0.001
NLR >2.42 1.61 (1.38-1.88) <0.001 1.56 (1.28-1.92) <0.001

CA-19-9 carbohydrate antigen 19-9, CEA carcinoembryonic antigen, ECOG PS Eastern Cooperative Oncology Group performance status, HER?2
human epidermal growth factor receptor 2, HR hazard ratio, NLR neutrophil-lymphocyte ratio, PD progressive disease, SD stable disease, SRC

signet ring cell
# Conventional chemotherapy only
° The 95 % confidence interval is given in parentheses.

¢ Values in italics are statistically significant.

confirmed by an imaging modality respectively. The
overall response rate was defined as the proportion of
patients who showed a complete or partial response, and
the disease control rate was defined as the sum of complete
responses, partial responses, and stable disease. Treatment
responses were assessed according to the Response Eval-
uation Criteria in Solid Tumors version 1.1 [23].

Pearson’s chi-square test or Fisher’s exact test for any
number in a group of less than 10 were performed to
analyze categorical variables, including clinical character-
istics. The Wilcoxon rank sum test or the Kruskal-Wallis
equality-of-populations rank test in the case of two groups
or more than three groups, respectively, was applied to
continuous parameters. All P values were two-sided, and
P < 0.05 was considered statistically significant. Addi-
tionally, in linear regression analysis to extract significant
CAFs which were associated with the NLR, a false dis-
covery rate of less than 0.05 was applied to exclude false
positive correlation. Analyses were performed with use of
STATA version 12 (StataCorp, College Station, TX, USA)
and R version 3.1.3 (http://www.r-project.org).

Ethics
The study protocol was reviewed and approved by the

Institutional Review Board of Seoul National University
Hospital (H-1306-007-493, H-1411-022-623). The study

was conducted according to guidelines for biomedical
research outlined in the Declaration of Helsinki.

Results

Patient characteristics and survival according
to the NLR

A total of 745 GC patients were included for NLR analysis.
Table 1 summarizes patient characteristics according to the
NLR, divided into two groups according to its median
value of 2.42. Patients with a high NLR had a poor per-
formance status, and a higher tumor burden as typified by
high carcinoembryonic antigen and CA-19-9 tumor marker
levels and increased number of metastatic organs. Most
patients received fluoropyrimidine plus platinum combi-
nation chemotherapy (capecitabine plus cisplatin, capeci-
tabine plus oxaliplatin, leucovorin plus 5-fluorouracil plus
oxaliplatin, S-1 plus cisplatin, etc.). In the case of human
epidermal growth factor receptor 2 positive GC patients
positive, trastzumab plus capecitabine plus cisplatin was
used after the introduction of trastuzumab.

Among the 745 patients, 393 (52.8 %) were treated with
second-line palliative chemotherapy after progression after
first-line palliative chemotherapy. Among the 393 patients
who received second-line palliative chemotherapy, 169
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Table 3 Univariate and multivariate Cox regression analysis for overall survival according to the neutrophil-lymphocyte ratio (NLR) and

stromal-cell-derived factor 1 (SDF-1)

Univariate

Multivariate

HR®

P° HR® P°

Age: continuous 0.99 (0.97-1.01)
1.28 (0.79-2.10)
4.17 (1.72-10.1)
1.23 (0.67-2.25)
1.87 (1.09-3.18)
1.02 (0.44-2.37)
1.02 (0.25-4.24)
1.20 (0.71-2.03)
0.92 (0.53-1.59)
1.36 (0.82-2.25)
1.06 (0.63-1.78)
1.93 (1.17-3.19)
1.68 (1.03-2.74)

Sex: female (vs male)

ECOG PS >2

Metastatic (vs recurred)

Shows SRC disease

HER?2 positive (vs HER2 negative)®
Never treated with trastuzumab
CEA > median

CA-19-9 > median

Number of metastatic organs >3
Treatment response: SD or PD
NLR >2.42

SDF-1 > median

0.435
0.320
0.002
0.512
0.022
0.969
0.974
0.498
0.772
0.233
0.828
0.010
0.037

15.1 (4.40-52.0) <0.001

2.45 (1.27-4.73) 0.007

2.73 (1.42-5.22)
1.99 (1.05-3.80)

0.002
0.036

CA-19-9 carbohydrate antigen 19-9, CEA carcinoembryonic antigen, CI confidence interval, ECOG PS Eastern Cooperative Oncology Group
performance status, HER2 human epidermal growth factor receptor 2, HR hazard ratio, PD progressive disease, SD stable disease, SRC signet

ring cell
* Conventional chemotherapy only
® The 95 % confidence interval is given in parentheses.

¢ Values in italics are statistically significant.

patients (43.0 %) received irinotecan-based hemotherapy
and 115 patients (29.3 %) received taxane-based
chemotherapy. One hundred ninety-nine patients (26.7 %)
were treated with more than third-line palliative
chemotherapy.

The median follow-up duration was 37.8 months (range
1.6-117 months). The median OS and PFS after first-line
palliative chemotherapy were 14.4 months [95 % confi-
dence interval (CI) 13.2-15.3 months] and 6.5 months
(95 % CI 6.1-6.9 months) respectively. Patients in the high
NLR group showed significantly worse OS and PFS [median
OS 17.8 months (95 % CI 16.1-20 months) for the low NLR
group vs 11.2 months (95 % CI 9.7-12.2 months) for the
high NLR group, P < 0.001; median PFS 7.3 months (95 %
CI 6.8-8.3 months) for the low NLR group vs 5.6 months
(95 % CI 5.1-6.2 months) for the high NLR group,
P < 0.001; Figs. la and Sla respectively]. The overall
response rate was not significantly different according to the
NLR (34.4 % for the low NLR group vs 34.8 % for the high
NLR group, P = 0.850). However, the disease control rate
was significantly lower in the high NLR group (80.1 % vs
86.2 %, P = 0.030).

The poor prognostic implication of the NLR was further
analyzed with other clinicopathologic features. Univariate
and multivariate analysis of OS and PFS showed that an
NLR higher than a median value of 2.42 was significantly
associated with poor survival, even after adjustment for
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other significant clinicopathologic features such as perfor-
mance status, trastuzumab treatment, a high level of CA-
19-9, the number of metastatic organs, and treatment
response (P < 0.001 for OS and PFS; Tables 2 and S1
respectively). Subgroup analysis of OS and PFS showed
the NLR conferred a significantly poor prognosis according
to subgroups divided by each clinicopathologic feature
(Figs. 1b and S1b respectively).

Significant CAFs associated with the NLR

Among the 745 patients, 70 were further analyzed in CAF
analysis for an association with NLR. The clinicopatho-
logic characteristics of the patients included in the CAF
analysis are summarized in Table S2. Forty-two of 52
CAFs were subsequently analyzed, after ten CAFs had
been excluded because of more than half of the samples
being outside of the detection range of the assays. The
mean concentrations, standard error, median concentra-
tions, and range of concentrations of the 52 CAFs are listed
in Table S3.

The association between the NLR and each CAF was
analyzed by linear regression. With use of a stringent fil-
tering condition of a false discovery rate of less than 0.05,
osteopontin and IL-6 were found to be significantly asso-
ciated with the NLR (Fig. 2). The associations between the
NLR and all CAFs are listed in Table S4. Except for
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260 407 —— 1.68 (1.36-2.08)
Sex Male 534 1.61(1.34-1.94)
Female 211 1.59 (1.19-2.13)
ECOG 0-1 672 -=- 1.49 (1.26-1.75)
23 73 ——— 222(1.27-3.87)
Palliative setting Recurrent 228 —Cl— 1.46 (1.07-1.99)
Metastatic 517 -*— 1.56 (1.29-1.88)
Signet ring cell pathology No 553 - 1.61(1.34-1.93)
Yes 192 -4 1.61(1.19-2.18)
HER2 status HER2- 597 i 1.63 (1.37-1.93)
HER2+ 56 | 1.81(1.03-3.17)
Trastuzumab treatment  No 653 - 1.65 (1.40-1.94)
Yes 92 —T—— 203(120343
CEA <median 266 e 1.83 (1.40-2.38)
>median 290 —— 1.53 (1.19-1.97)
|
CA-19-9 <median 255 1.71 (1.30-2.26)
>median 263 ; 1.65 (1.27-2.14)
N of metastatic organs <3 501 = 1.51 (1.24-1.83)
23 244 —a— 1.47 (1.10-1.96)
Treatment response CRPR 276 —I—l- 1.31 (1.00-1.72)
SD PD 469 -!-'— 1.92 (1.58-2.33)
0.2 0.5 1 2 5

Favors NLR > median  Favors NLR < median

Fig. 1 Overall survival according to the neutrophil-lymphocyte ratio
(NLR). Kaplan—-Meier curves (a) and forest plot of hazard ratios and
95 % confidence intervals assessed by subgroup factors (b) for overall
survival of two groups classified according to a NLR higher or lower
than the median value. CA-19-9 carbohydrate antigen 19-9, CEA
carcinoembryonic antigen, CI confidence interval, CR complete
remission, ECOG Eastern Cooperative Oncology Group performance
status, HER2 human epidermal growth factor receptor 2, HR hazard
ratio, mOS median overall survival, PD progressive disease, PR
partial response, SD stable disease

osteopontin and IL-6, melanoma growth stimulating
activity o (also known as CXCL1), IL-2 receptor o, IL-
12p70, and basic fibroblast growth factor were also asso-
ciated with the NLR when a loose filtering condition of
P < 0.05 was used.

The prognostic implication of CAFs in addition
to the NLR

In addition to the NLR, some CAFs such as osteopontin
and IL-6 have also been reported to be associated with a
poor prognosis in GC [24, 25]. Therefore, we hypothesized

that a certain subset of CAFs would have a role in the poor
prognosis of GC, independently of the NLR. A survival
analysis of each CAF group divided by its median value
was performed, with or without adjustment for the NLR.
Six CAFs—that is, stromal-cell-derived factor 1 (SDF-1),
osteopontin, IL-2 receptor o, IL-8, hepatocyte growth
factor, and IL-6—were significantly associated with a poor
OS (Table S5). Intriguingly, the prognostic impact of SDF-
1 was significant, even after adjustment for the NLR,
implying that SDF-1 effected poor OS independently of the
NLR. However, other CAFs, including osteopontin and IL-
6, lost their prognostic significance when adjustment was
made for the NLR, implying that the poor prognostic
effects of other CAFs might interact with the NLR. Mul-
tivariate Cox regression analysis showed the NLR and
SDF-1 were independently associated with poor survival
(P = 0.002 and P = 0.036 respectively, Table 3).

A survival analysis of subgroups considering both the
NLR and the SDF-1 concentration by their median values
revealed that the low NLR/low SDF-1 concentration group
showed the most favorable prognosis, in contrast to the
high NLR/high SDF-1 concentration group, which dis-
played the worst OS (median OS 21.0 months for the low
NLR and low SDF-1 concentration group, 15.8 months for
the group with either high NLR or high SDF-1 concen-
tration, 8.2 months for the high NLR and high SDF-1
concentration group; P = 0.229 and P = 0.003 respec-
tively vs both low NLR and low SDF-1 concentration;
Fig. 3). These trends and significances were reproduced in
PFS analyses (Fig. S2). The clinicopathologic characteris-
tics of the three groups according to the NLR and the SDF-
1 concentration were not significantly different (Table S6).

Discussion

In this study, we showed that the NLR is a significant factor
indicating a poor prognosis in GC. Multiplex CAF array
analysis showed that the NLR was strongly associated with
high serum osteopontin and IL-6 levels. In addition, a high
level of SDF-1 was also independently associated with a
negative impact on survival. These results suggest that both
the NLR and a high serum SDF-1 level could define a poor
prognostic subset of GC patients.

A close association between cancer progression and
cancer-associated inflammation has been well described
[14]. Among the clinically available and simple biomark-
ers, the NLR is one of the most reliable prognostic factors
across many tumor types [13]. Although a recent report
implicated the NLR in the prognosis of advanced GC [9],
this is subject to independent external validation since a
relatively limited number of patients (268) were included
in the previous study. In the current study, we showed the
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g P R )
R E T 2 i b e
Log (OPN) Log (IL-6)
¢ R2 Coefficient P value FDR
OPN 0.337 0.574 <0.001 <0.001
IL-6 0.141 0.185 0.001 0.029
GRO-a 0.103 0.228 0.007 0.095
IL-2Ra 0.084 0.254 0.015 0.130
IL-12p70 0.083 0.129 0.016 0.130
bFGF 0.077 0.181 0.020 0.139

Fig. 2 Significant correlation of osteopontin (OPN) and interleukin-6 (/L-6) with the neutrophil-lymphocyte ratio (NLR). Scatter plot and fitted
line for OPN (a) and IL-6 (b) with the NLR. R the coefficient, P, and the false discovery rate (FDR) of significant cytokines and angiogenic
factors that correlate with the NLR are shown (c¢). bFGF basic fibroblast growth factor, GRO-a melanoma growth stimulating activity o, IL-12Ra

interleukin-12 receptor o, IL-12p70 interleukin-12 p70

clear prognostic impact of the NLR in 745 advanced GC
patients, independently of other known prognostic factors
such as performance status, tumor burden, CA-19-9 level,
and treatment response to first-line  palliative
chemotherapy.

We focused on the underlying biological mechanisms
implicated in the NLR conferring a poor prognosis in GC,
and which subset of CAFs would be associated with the
NLR, which have been poorly understood to date. A few
previous studies showed that several CAFs, such as IL-6,
IL-8, and IL-17, were associated with the NLR in col-
orectal cancer and hepatocellular carcinoma [15-17],
although this association has not been reported in GC.
Moreover, to the best of our knowledge, a direct associ-
ation of osteopontin with the NLR has not previously
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been addressed in human studies. Osteopontin (also
known as secreted phosphoprotein 1) and IL-6 are well-
known chemotactic factors for neutrophils [26, 27].
Patients with high levels of osteopontin and IL-6 have
been reported to have a poor prognosis for most tumor
types, including GC [24, 28, 29]. Osteopontin can mod-
ulate extracellular remodeling to promote epithelial-mes-
enchymal transition and angiogenesis [30, 31]. IL-6 can
activate the signal transducer and activator of transcrip-
tion (STAT) signaling pathway, which induces cancer
progression [27, 29]. Results from the current study
showed osteopontin and IL-6 were strongly associated
with the NLR, and univariate survival analysis also
showed poor survival in patients with high osteopontin or
high IL-6 levels.
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Fig. 3 Survival analysis according to the neutrophil-lymphocyte
ratio (NLR) and stromal-cell-derived factor 1 (SDF-1) concentration.
Kaplan—-Meier curves for overall survival of three groups classified
according to NLR and SDF-1 median values. CI confidential interval,
HR hazard ratio, mOS median overall survival, Ref reference

In this study, we also found that SDF-1 was an inde-
pendent prognostic factor in addition to the NLR. The
interesting scope of the activities of SDF-1 regarding
homeostasis of hematopoietic stem and progenitor cells in
cancer induced by this chemokine has been highlighted by
others [32, 33]. SDF-1 (also known as CXCL12) has an
important role in maintaining leukocyte homeostasis,
especially for myeloid-derived suppressor cells, which
includes trafficking and directing the migration of myeloid-
derived suppressor cells to immune-privileged organs or
tumor microenvironments [34-36]. Since the presence of
myeloid-derived suppressor cells could lower antitumor
immunity in a tumor microenvironment [37], the recruit-
ment of such cells induced by SDF-1 would allow cancer
progression, which supports our findings of SDF-1 as a
factor in the poor prognosis of GC. Previous reports have
also shown tumor expression or peripheral levels of SDF-1
were related to poor prognoses in ovarian and colon can-
cers [38, 39]. This current study has highlighted the
prognostic impact of serum SDF-1 in GC for the first time.

Although the prognostic impact of the NLR was vali-
dated in a large number of patients in the current study
(N = 745), analysis of the association of CAFs with the
NLR was performed in a relatively small number of
patients (N = 70). Among the patients who gave their
consent for their participation in the biomarker study, we
could not analyze all the samples because of limited
amounts of remaining samples. Therefore, we randomly
selected only 70 patients for CAF analysis. Even though
this CAF cohort was randomly selected in an unbiased
manner, the retrospective analysis design per se limits
generalization of the findings. To interpret the CAF anal-
ysis, the other factors, such as use of steroid, which could
modulate such signals should also be considered. Such

information is limited in the retrospective design study.
Similarly, the changes in supportive care during the
10-year study period are to be considered for the accurate
interpretation of survival outcomes, even though support-
ive care has been changed in our hospital. Among the 52
CAFs initially planned to be analyzed, ten were excluded
because of more than half of the samples being outside the
detection range of assays. It is very difficult to explain why
these ten CAFs were not detected well enough. A possible
explanation might include the amount of the CAF itself, the
sensitivity of the detection method, the stability of the
CAF, the differences in tumor types, etc.

Despite these caveats, the multiplex analysis of CAFs
for evaluation of any association with the NLR is reported
in GC for the first time, and the finding of an association
between osteopontin and the NLR is revealed. Moreover,
the prognostic significance of SDF-1, especially indepen-
dently of the NLR, is raised in the current study.

From the findings taken together, the NLR is a significant
factor for a poor prognosis in advanced GC. The poor
prognostic impact of the NLR may be related to the bio-
logical actions of osteopontin and IL-6. As well as the NLR,
a high level of SDF-1 independently had a negative impact
on survival. Therefore, consideration of both the NLR and
serum SDF-1 could define a poor prognostic subset of GC
patients, highlighting these might provide insights into
antitumor immunity in GC. What kind of innovative
treatment is essential in this poor prognostic subset of GC is
still an open challenging question. One of the strategies
might be to harness immuno-oncology drugs to modulate
these antitumor immunities.
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