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Abstract

Background Long-term outcomes in gastric cancer patients with positive lavage cytology (CY1) are generally poor. This
multi-institutional retrospective cohort study aims to evaluate the clinical significance of the neutrophil-lymphocyte ratio
(NLR) and the lymphocyte-monocyte ratio (LMR) in CY1 gastric cancer patients.

Methods A total of 121 CY1 gastric cancer patients without other non-curative factors, who underwent macroscopically
curative resection, were enrolled in this study. The cutoff values of preoperative NLR (pre-NLR), postoperative NLR (post-
NLR), preoperative LMR (pre-LMR), and postoperative LMR (post-LMR) were defined by the Contal and O’ Quigley method
as 2.3, 3.0, 2.5, and 3.2, respectively. A Cox proportional hazard model was used to identify the independent prognostic
factors among NLR, LMR, and other clinicopathological factors.

Results There were significant differences in the overall survival (OS) between the two groups: high post-NLR groups vs.
low post-NLR group (median survival time, months) (10.9 vs. 22.8, P=0.006) and high pre-LMR group vs. low pre-LMR
group (21.3 vs. 11.0, P=0.001). The LMR value elevated significantly after gastrectomy (P =0.020), although not in the NLR
value (P=0.733). On multivariate analysis, high post-NLR (hazard ratio=1.506; 95% confidence interval =1.047-2.167;
P=0.027), low pre-LMR (1.773; 1.135-2.769, 0.012), and no postoperative chemotherapy (1.558; 1.053-2.305, 0.027) were
found to be independent prognostic factors for adverse OS.

Conclusions Because a combination of high post-NLR and low pre-LMR may be an adverse prognostic marker in resectable
CY1 gastric cancer patients, it is necessary to conduct a prospective trial to confirm a useful perioperative chemotherapeutic
regimen for these patients.
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Introduction

Gastric cancer is still the third leading cause of cancer-
related deaths in both sexes [1], although its incidence and
associated mortality has been declining globally [2]. Posi-
tive results for peritoneal lavage cytology (CY1) in gastric
cancer patients are associated with poor survival because of
high incidences of peritoneal dissemination after surgery
[3, 4]. The Japanese Gastric Cancer Association included
CY1, which is classified as M1, as a key prognostic factor for
diagnosing gastric cancer [5]. A prospective phase II study
reported that radical gastrectomy followed by postoperative

@ Springer


http://orcid.org/0000-0002-0843-8766
http://crossmark.crossref.org/dialog/?doi=10.1007/s00423-021-02233-6&domain=pdf

2296

Langenbeck’s Archives of Surgery (2021) 406:2295-2303

chemotherapy with tegafur-gimeracil-oteracil (S-1), as
a single non-curative factor, showed relatively enhanced
long-term survival in gastric cancer patients with CY1 [6,
7]. Therefore, recently published guidelines suggested that
CY1, without other non-curative factors, can be managed
by radical gastrectomy with D2 lymph node dissection com-
bined with perioperative chemotherapy [8].

Although gastric cancer with CY1 is considered a candi-
date for surgery with curative intent, a convenient biomarker
for this population is still unclear. Recently, the correlation
between inflammation and malignant tumors has been well
discussed [9—12]. Inflammation can be a potential therapeu-
tic target for the treatment of neoplasms, and the peripheral
blood count may reflect the tumor inflammatory condition
[13]. Similar to other solid and hematological malignancies
[10, 11, 14-17], high preoperative levels of neutrophil-lym-
phocyte ratio (NLR) and low levels of lymphocyte-monocyte
ratio (LMR) were reported as negative prognostic factors for
gastric cancer patients undergoing curative treatment [9, 13,
18, 19]. In addition, postoperative NLR is also considered a
prognostic factor for patients undergoing curative gastrec-
tomy [20-22]. However, no study has focused on the effect
of NLR and LMR in CY1 gastric cancer patients undergoing
R1 gastrectomy. Therefore, we conducted a multi-institu-
tional retrospective cohort study to identify the prognostic
significance of pre-/postoperative NLR and LMR in these
patients.

Methods
Ethics statement and informed consent

This retrospective study protocol conformed to the pro-
visions of the Declaration of Helsinki and was approved
by the Institutional Review Board for the Use of Human
Subjects at the Yokohama City Medical Center (approval
number: B200500020), Yokohama City University School of
Medicine (approval number: B200500039), and Yokohama
Municipal Citizen’s Hospital (approval number: 19-09-04).
According to the law of personal information protection, the
survey items of this study for patients to give an opportunity
to opt-out from this study were published in each institu-
tion (URL: https://www.yokohama-cu.ac.jp/amedrc/ethics/
ethical/center_optout.html, https://www.yokohama-cu.ac.
jp/amedrc/ethics/ethical/fuzoku_optout.html, https://yokoh
ama-shiminhosp.jp/index.html).

Patients
From January 1992 to December 2018, a series of 6359

gastric cancer patients diagnosed with primary gastric ade-
nocarcinoma underwent gastrectomy at the Department of
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Surgery of Yokohama City University Gastroenterological
Center, Department of Gastroenterological Surgery, Yoko-
hama City University Hospital, and the Department of Gas-
troenterological Surgery of Yokohama Municipal Citizen’s
Hospital. In principle, peritoneal lavage cytology was per-
formed for clinical T3 or T4a/b tumors, and as a result, a
total of 1278 patients underwent peritoneal lavage cytology
analysis. Of these, CY1 as a single non-curative factor was
detected by intraoperative peritoneal lavage cytology per-
formed at staging laparoscopy or during gastrectomy in 159
patients. A total of 121 patients were enrolled in this study
because the leukocyte fraction data were not available from
the medical records of 38 patients.

Surgery and chemotherapy

After exclusion of macroscopic peritoneal dissemination via
laparotomy or staging laparoscopy, standard D2 gastrectomy
was performed under curative intent. Neoadjuvant chemo-
therapy (NAC) was limitedly performed for clinical stage III
tumors on the clinical trial settings, mainly for macroscopi-
cally type 4 and large type 3 tumors because this treatment
is not standard in the Japanese Guidelines for the treatment
of gastric cancer [23, 24]. In that cases, if positive lavage
cytology was antecedently evidenced by the staging lapa-
roscopy, NAC was performed before gastrectomy. Postop-
erative chemotherapy was performed for patients with good
performance and nutritional status and those who provided
informed consent. After the CCOGO0301 study, S-1-based
regimens were principally used as postoperative chemo-
therapy in this population [6].

Blood sample analyses

Preoperative NLR (pre-NLR) and LMR (pre-LMR) were
defined as peripheral blood data obtained within a month
before gastrectomy. Postoperative NLR (post-NLR) and
LMR (post-LMR) were defined as peripheral blood data
obtained at the time of chemotherapy initiation, or within
2 months after surgery if chemotherapy was not adminis-
tered. Absolute counts of neutrophils, lymphocytes, and
monocytes were calculated as the product of the percentage
of each granulocyte and the total number of white blood
cells [9].

Statistical analysis

Continuous variables are expressed as median values (inter-
quartile ranges). The differences between pre-NLR and
post-NLR values and pre-LMR and post-LMR values were
compared using Student’s t-test. We measured overall sur-
vival (OS) from the date of surgery or, if performed, the
date of the first administration of NAC to the date of the
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last follow-up. Relapse-free survival (RFS) was measured
from the date of surgery to the date of recurrence. OS and
RFS were calculated using the Kaplan—-Meier method, and
differences between groups were compared using the log-
rank test.

To evaluate the differences between the high and low
post-NLR groups and low and high pre-LMR groups, con-
tinuous variables were compared using Student’ s t-test, and
categorical data were analyzed using the Chi-square test.

For multivariable analysis, we determined the optimal
cutoff values of pre-/post-NLR and LMR, which maximize
the log-rank test statistic of OS under a Cox proportional
hazard model proposed by Contal and O’Quigley [25] as
ROC analysis does not include the survival time. Multivari-
ate survival analysis for OS using a Cox proportional hazard
regression model included covariates that were selected by
the Lasso method from the following factors: sex, age, tumor
depth, histological type, administration of NAC, adminis-
tration of adjuvant chemotherapy, pre-NLR, post-NLR,
pre-LMR, and post-LMR. Using this method, the following
candidate variables were selected: tumor depth, histological
type, administration of postoperative chemotherapy, post-
NLR, and pre-LMR.

All statistical analyses were performed using JMP® 13
(SAS Institute Inc., Cary, NC, USA) and R version 3.5.1 (R,
Foundation for Statistical Computing, Vienna, Austria). Dif-
ferences with probability values of P <0.05 were considered
significant.

Results
Patient characteristics

The demographics and tumor characteristics of the 121
CY1 patients are listed in Table 1. As every patient was
diagnosed with stage IV disease, serosa invasion and
lymph node metastasis were frequently observed; 110
patients (90.9%) had T4 tumor depth, and 112 patients
(92.6%) had positive lymph node metastasis. A total of 85
patients (70.2%) had a histologically undifferentiated type
of cancer. Neoadjuvant chemotherapy was administered
to 24 patients (19.8%), and the chemotherapy regimens
were as follows: S-1 in one patient, S-1 plus cisplatin in
eight patients, S-1 plus oxaliplatin in two patients, S-1
plus docetaxel in three patients, S-1 plus docetaxel plus
cisplatin in one patient, capecitabine plus cisplatin in one
patient, and fluorouracil plus cisplatin in eight patients.
Postoperative chemotherapy was administered to 84
patients (69.4%), and the chemotherapy regimens were as
follows: S-1 in 65 patients, S-1 plus oxaliplatin in three
patients, S-1 plus trastuzumab in two patients, S-1 plus
docetaxel in one patient, irinotecan plus cisplatin in three

Table 1 Characteristics of CY1 gastric cancer patients

Variables n=121 (%)

Sex (M/F) 77 (63.6)/44 (36.4)
Age 70 (64-77)*

Main location of the tumor

Upper third 31 (25.6)
Middle third 24 (19.8)
Lower third 36 (29.8)
Entire 30 (24.8)

Pathological tumor depth**

T1/T2/T3/T4 1(0.8)/2 (1.7)/8
(6.6)/110 (90.9)

Pathological lymph node metastasis

Positive 112 (92.6)

Negative 9(7.4)
Histological type***

Undifferentiated 85 (70.2)

Differentiated 36 (29.8)
Operative method

Total gastrectomy 81 (66.9)

Distal gastrectomy 39 (32.2)

Proximal gastrectomy 1(0.8)
Chemotherapy

Neoadjuvant 24 (19.8)

Postoperative 84 (69.4)
“Median (IQR)

** According to 3rd edition of Japanese classification of gastric carci-
noma

“* “Differentiated” represents well to moderately differentiated ade-
nocarcinoma and papillary adenocarcinoma. “Undifferentiated” rep-
resents other histological types

CY1 positive lavage cytology

patients, docetaxel plus cisplatin in two patients, and other
regimens in eight patients. The reasons for the omission
of postoperative chemotherapy were as follows: therapy
rejection for six patients, early recurrence before chem-
otherapy in three patients, medical conditions in three
patients (Parkinson’s disease, dermatomyositis, and men-
tal disease, respectively), adverse effects in two patients,
others in four patients (mixed type of neuroendocrine car-
cinoma, administration of intra-peritoneal chemotherapy,
poor nutrition, and no cancer notification, respectively),
and unknown reasons (by medical records survey) in 17
patients.

Changes in NLR and LMR after surgery
LMR was significantly elevated after surgery, although

there was no significant change in NLR after surgery
(Table 2).
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Table 2 Changes of NLR and LMR after gastrectomy of patients with
CY1 gastric cancer

Preoperative Postoperative P value
NLR 2.855 (£ 1.627)* 2.910 (+2.125)* 0.733
LMR 4.283 (£2.018)* 4.804 (£2.368)* 0.020

* Mean (+ standard deviation)

CYI positive lavage cytology, NLR neutrophil-lymphocyte ratio,
LMR lymphocyte-monocyte ratio, statistically signicant values are
shown in italics

0S and cause of death

The median survival time (MST) of all enrolled patients
was 16.8 months (95% confidence interval [CI] 14.2-22.8).
During this study, 94 patients (77.7%) died of gastric cancer
recurrence, and three patients (2.5%) died of other diseases
(brain infarction in one patient, dermatomyositis in one
patient, and renal cell cancer in one patient). Of these, 73
patients (60.3%) had peritoneal dissemination, 19 patients

— Low pre-NLR
— High pre-NLR
Log-rank P=0.145

Survival rate (%)
o
o

0 6 12 18 24 30 36 42
Survival time (month)

48 54 60

=2

— Low post-NLR
— High post-NLR
Log-rank P=0.006

Survival rate (%)
o
o

0 6 12 18 24 30 36 42
Survival time (month)

48 54 60

Fig. 1 Kaplan—Meier plots of overall survival. a There was no signifi-
cant difference in survival between the high pre-NLR group (>2.3)
(n=68) and the low pre-NLR group (<2.3) (n=53) (MST [month]:
14.7 vs. 22.8, P=0.145). b The high post-NLR group (=3.0) (n=41)
showed worse survival compared with the low post-NLR group
(<3.5) (n=80) (MST [month]: 10.9 vs. 22.8, P=0.006). ¢ The low
pre-LMR group (<2.5) (n=23) showed worse survival compare with

@ Springer

(15.7%) had lymph node metastasis, 10 patients (8.3%) had
liver metastasis, three patients (2.5%) had lung metastasis,
two patients (1.7%) had bone metastasis, and two patients
(1.7%) had brain metastasis.

Optimal cutoff values of pre-/post-NLR and LMR

As mentioned above, the cutoff value that maximizes
the log-rank test statistic of the OS rate was calculated.
The optimal cutoff values (95% CI) were detected as 2.3
(1.4-5.6), 3.0 (2.8-3.6), 2.5 (2.5-5.4), and 3.2 (2.7-7.1)
for pre-NLR, post-NLR, pre-LMR, and post-LMR,
respectively.

Prognostic significance of pre-/post-NLR and LMR

For clarifying the effects of pre-NLR, post-NLR, pre-LMR,
and post-LMR on long-term prognosis, patient survival,
classified according to the cutoff value, was compared in
each ratio group at the same phase. As shown in Fig. 1, low
post-NLR and high pre-LMR significantly affected favorable
prognosis.

C
BC — Low pre-LMR
0.8 — High pre-LMR
X Log-rank P=0.001
g 06
g
T 04
=3
w
0.2
0.0
0 6 12 18 24 30 36 42 48 54 60
Survival time (month)
d 1.0 — Low pre-LMR
08 — High pre-LMR
S Log-rank P=0.073
% 0.6
g
s 04
3
w
0.2
0.0

0 6 12 18 24 30 36 42 48
Survival time (month)

54 60

the high pre-LMR group (>2.5) (n=98) (MST[month]: 21.3 vs. 11.0,
P=0.001). d There was no significant difference in survival between
the low post-LMR group (<3.2) (n=29) and the high post-LMR
group (>3.2) (n=92) (MST[month]: 10.9 vs. 21.8, P=0.073). NLR,
neutrophil-lymphocyte ratio; LMR, lymphocyte-monocyte ratio;
MST, median survival time
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Table 3 Patient characteristics of high/low post-NLR and pre-LMR group in patients with CY1 gastric cancer

Variables High post-NLR Low post-NLR P value Low pre-LMR High pre-LMR P value

group (n=41) (%) group (n=80) (%) group (n=23) group (n=98) (%)
(%)

Sex (M/F) 27 (65.9)/14 (34.2) 50 (62.5)/30 (37.5) 0.716 19 (82.6)/4 (17.4) 58 (59.2)/40 (40.8) 0.028
Age 73 (66-77)* 69 (61-75) 0.038 73 (66-81)* 69 (63-75) 0.040
Pathological T4** 40 (97.6) 70 (87.5) 0.045 22 (95.7) 88 (89.8) 0.342
Pathological lymph node metastasis 40 (97.6) 72 (90.0) 0.102  22(95.7) 90 (91.8) 0.505

Histological type***
Undifferentiated/differentiated

31 (75.6)/10 (24.4) 54 (67.5)/26 (32.5) 0.351

16 (69.6)/7 (30.4) 69 (70.4)/29 (29.6) 0.937

Chemotherapy
Neoadjuvant 4(9.8) 20 (25.0) 0.037  7(30.4) 17 (17.4) 0.174
Postoperative 22 (53.7) 62 (71.5) 0.008 16 (69.6) 68 (69.4) 0.987
Postoperative infectious complica- 3(7.3) 8 (10.0) 0.621 0(0) 11(1.2) 0.027
tions****
Length of hospital stay 14.5 (12-21.8)* 16 (12-29) 0471 17 (12-29)* 15 (12-22) 0.754

“Median (IQR)

** According to 3rd edition of Japanese classification of gastric carcinoma

stk

other histological types

“Differentiated” represents well to moderately differentiated adenocarcinoma and papillary adenocarcinoma. “Undifferentiated” represents

“**Including postoperative pancreatic fistula, anastomotic leakage, and intraabdominal abscess

CY1 positive lavage cytology, NLR neutrophil lymphocyte ratio, LMR lymphocyte-monocyte ratio, statistically signicant values are shown in italics

Characteristics of the high and low post-NLR
and pre-LMR groups in CY1 gastric cancer patients

The high post-NLR group showed high age, high frequency of
pathological T4, low frequency of NAC administration, and low
frequency of postoperative chemotherapy administration com-
pared with the low post-NLR group (Table 3). However, there
was no difference in the postoperative infectious morbidity rate
between the two groups. In contrast, the low pre-LMR group
showed a higher age and lower frequency of postoperative infec-
tious morbidity rate than the high pre-LMR group (Table 3).

Univariate and multivariate analyses
of independent prognostic factors for 0S

Univariate survival analysis for OS using the Cox propor-
tional regression model for each covariate showed that high
post-NLR and low pre-LMR predict poor survival (Table 4).
Multivariate analysis showed that high post-NLR, low pre-
LMR, and omission of postoperative chemotherapy were
significant independent prognostic factors for poor sur-
vival (Table 4). Although postoperative chemotherapy
was selected as an independent prognostic factor, patients
undergoing postoperative chemotherapy did not show longer
OS compared with patients without postoperative chemo-
therapy (MST, 19.3 months vs. 11.2 months, P=0.222).

Since post-NLR and pre-LMR were detected as independ-
ent prognostic factors for CY1 gastric cancer, the patients
were divided into four groups according to post- NLR and
pre-LMR. The MST in each group were 24.6 months in the
low post-NLR/high pre-LMR group, 17.9 months in the low
post-NLR/low pre-LMR group, 11.6 months in the high
post-NLR/high pre-LMR group, and 8.3 months in the high
post-NLR/low pre-LMR group, respectively. The low post-
NLR/high pre-LMR group showed a significantly better OS
rate than the low post-NLR/low pre-LMR group (P=0.016),
the high post-NLR/high pre-LMR group (0.024), and the
high post-NLR/low pre-LMR group (P =0.000) (Fig. 2).

RFS

The median RFS time was 9.0 months (95% CI 6.8-11.3).
The majority of patients (61.4%) had postoperative recur-
rence within a year, 89.6% of which involved peritoneal dis-
semination. RFS tended to be longer in low post-NLR group
compared with high post-NLR group (MST (month) 10.3 vs.
6.8, P=0.200) and high pre-LMR group compared with low
pre-LMR group (MST (month) 9.4 vs. 7.0, P=0.116). The
low post-NLR/high pre-LMR group tended to show better
REFES than other group (MST 10.3 months vs. 7.0 months,
P=0.088). There were no statistically significant prognostic
factors found that affected RFS.
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Table 4 Univariable and multivariable analysis of prognostic factors for CY1 gastric cancer patients

Univariable Multivariable
HR 95%CI P value HR 95%CI P value
Sex Male 1
Female 0.939 0.618-1.427 0.768
Age <75 1
>75 1.180 0.785-1.773 0.425
Tumor depth T1T2T3 1 1
T4 1.918 0838-4.391 0.123 1.624 0.770-3.427 0.203
Postoperative NLR <3.0 1 1 1 1
>3.0 1.793 1.179-2.725 0.006 1.506 1.047-2.167 0.027
Preoperative LMR >2.5 1 1
<25 2.271 1.382-3.734 0.001 1.773 1.135-2.769 0.012
Histological type* Undifferentiated 1 1
Differentiated 0.803 0.507-1.269 0.347 0.833 0.549-1.263 0.390
Neoadjuvant chemotherapy Presence 1
Absence 0.924 0.556-1.537 0.762
Postoperative chemotherapy Presence 1 1
Absence 1.322 0.845-2.070 0.221 1.558 1.053-2.305 0.027

* “Differentiated” represents well to moderately differentiated adenocarcinoma and papillary adenocarcinoma. “Undifferentiated” represents

other histological types

CY1 positive lavage cytology, NLR neutrophil lymphocyte ratio, LMR lymphocyte-monocyte ratio, HR hazard ratio, 95% CI 95% confidence

interval, statistically signicant values are shown in italics

Discussion

In this multi-institutional retrospective study, post-NLR
value, pre-LMR value, and postoperative chemotherapy in
gastric cancer patients with CY1 as a single non-curative
factor were found to be associated with poor long-term
prognosis.

NLR and LMR are readily available and inexpensive
biomarkers in resectable gastric cancer patients; however,
association of neutrophils, lymphocytes, and monocytes
with CY1 gastric cancer is not fully understood [9, 18, 20].

Neutrophils accelerate tumor progression and metastasis
via cytokine secretion (tumor necrosis factor, interleukin
[IL]-1, IL-6) [20]. In contrast, lymphocytes play critical
roles in host immune responses and suppress cancer pro-
gression [26]. The immunological evaluation of NLR sys-
tem has been analyzed by tumor microenvironment (TME)
with CD8-positive T cells and/or FoxP3-positive regula-
tory T cells in several types of cancer including gastric
cancer [27-30]. IL-6 and IL-8 levels showed a significant
correlation with NLR in blood and Foxp3 + cells around
muscle-invasive bladder cancer [28]. Although CD3 + and
CDS8 +immune cell density were not associated with the
NLR in resectable gastric cancer, high-NLR group showed
decreased CD4 +immune cell density within TME com-
pared with low-NLR group [30]. These results suggest
that NLR in peripheral blood reflect the antitumor immune

@ Springer

response in TME. Although there was no significant differ-
ence between pre-NLR and post-NLR, post-NLR showed a
stronger influence on long-term survival in this study. Per-
sisting high NLR status after gastrectomy may support can-
cer growth by regulating the microenvironment of residual
cancer cells, despite the primary tumor being removed in
this population [20]. In this study, the high post-NLR group
underwent postoperative chemotherapy infrequently com-
pared with the low post-NLR group. We easily suppose the
correlation between persisting inflammation and poor per-
formance status after surgery, and therefore, further exami-
nation is required to reveal the clinical impact of post-NLR,
postoperative chemotherapy and postoperative performance
status for survival time in CY1 gastric cancer patients.

In this study, pre-NLR was not calculated as an inde-
pendent prognostic factor although OS tended to be worse
in the high pre-NLR group. In the current study, postopera-
tive treatments were heterogeneous, and the sample size was
relatively small. Therefore, it is necessary to conduct a well-
designed, validated study in many patients to examine that
pre-NLR can be an independent prognostic factor.

LMR showed significant elevation after gastrectomy,
which indicates that the number of monocytes reduced after
R1 resection. However, post-LMR did not independently
affect long-term prognosis. Meanwhile, pre-LMR showed a
significant influence on survival and is, therefore, a valuable
blood test parameter to predict the prognosis of CY1 gastric
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Fig.2 Kaplan—Meier plots of overall survival among the four groups
according to post-NLR and pre-LMR. The MST in each group was
as follows: 24.6 months (95% CI, 16.8-35.0) in the low post-NLR/
high pre-LMR group (n="70), 17.9 months (95% CIL, 5.3-26.2) in the
low post-NLR/low pre-LMR group (n=10), 11.6 months (95% CI,
8.2-21.8) in the high post-NLR/high pre-LMR group (n=28), and
8.3 months (95% CI 4.8-12.9) in the high post-NLR/low pre-LMR
group (n=13), respectively. The low post-NLR/high pre-LMR group
showed significantly longer survival than the low post-NLR/low pre-
LMR group (P=0.016), the high post-NLR/high pre-LMR group
(P=0.024), and the high post-NLR/low pre-LMR group (P=0.000).
MST, median survival time; CI, confidence interval, NLR: neutro-
phil-lymphocyte ratio; LMR: lymphocyte-monocyte ratio

cancer before gastrectomy. Tumor-associated macrophages
(TAMs) (more differentiated monocytes) promote angiogen-
esis and the breakdown of the extracellular matrix, which
contribute to tumor cell invasion, migration, and progression
[31, 32], and suppress host anticancer immune responses
[33]. TAMs can comprise 50% of a tumor mass, forming a
major component of infiltrated immune cell in the TME [34,
35]. TAMs can be classified as M1-like (pro-inflammatory
and anti-tumor) and M2-like (anti-inflammatory and pro-
tumor). High levels of TAMs in the TME are generally asso-
ciated with high adverse prognosis and/or poor sensitivity to
treatment in a variety of solid tumors [36], because TAMs
acquire the properties of M2-like phagocytic population and
phenotypes [35]. An increase in circulating monocytes may
reflect a larger population of TAMs, and thus, monocyte
count serves as an indicator of a high tumor burden [18].
Therefore, monocyte count may reflect the resistance of
tumors towards host immunity more directly than neutrophil
counts in the preoperative scenario in gastric cancer patients
with CY1. In contrast, decreased monocytes after gastrec-
tomy may have a small impact on the progression of residual
cancer cells in the peritoneal cavity, which may explain why
post-LMR did not affect the long-term prognosis.

A few studies have evaluated the predictive factors for
survival in CY1 gastric cancer patients. Previous studies
have shown that gross type of tumor, lymph node metasta-
sis, nutritional status, and performance status are predictors

for this population [37]. However, few studies have evalu-
ated blood-based biomarkers [38, 39]. Although therapeutic
strategy for CY1 gastric cancer is still controversial, radical
gastrectomy showed better survival compared with palliative
gastrectomy or palliative chemotherapy, and thus curative
intent surgery with postoperative chemotherapy is recom-
mended for this population [40, 41]. Moreover, a multi-insti-
tutional retrospective cohort study showed the efficacy of
postoperative chemotherapy after macroscopically curative
resection for CY1 gastric cancer regardless of chemotherapy
regimen [42]. Systematic review and meta-analysis of gastric
cancer with CY1 also showed that change to CYO following
NAC was associated with improved survival [43, 44]. In
the current study, 19% of enrolled patients underwent NAC,
and not every patient underwent staging laparoscopy for
confirmation of CY1 before NAC. There was no difference
in OS between patients receiving NAC and patients who
did not receive NAC (MST 22.3 months vs. 16.5 months,
P=0.765). We can suppose the reason why NAC was less
effective on OS as follows: the small number of patients
receiving NAC; the exclusion of patients with conversion
from CY1 to CYO after NAC, in other words good response
for NAC; and a possibility of macroscopic peritoneal dis-
semination in patients without diagnostic laparoscopy in the
early phase of this study. Therefore, a prospective study is
warrant to perform NAC for CY1 gastric cancer confirmed
by lavage cytology to reveal the utility of peripheral blood-
based predictive factors for negative conversion of peritoneal
lavage cytology.

Although the low post-NLR/high pre-LMR group tended
to show better RFS than the other group, we could not iden-
tify predictive factors for RFS in this study. Approximately
80% of CY1 patients experienced recurrence, and more than
60% of cases relapsed within a year in this study. This highly
frequent and rapid recurrence may explain why pre-/post-
NLR and LMR and other clinicopathological factors had
no significant impact on RFS. Although inflammatory and
nutritional status predicts OS for advanced gastric cancer
[45, 46], prevention of cancer recurrence may depend on
chemosensitivity to postoperative chemotherapy. Further
studies are required to reveal the prognostic factors for RFS.

This study has some limitations. First, this was a retro-
spective cohort study; therefore, the therapeutic strategy
for CY1 gastric cancer differed between each institution.
Second, NAC and postoperative chemotherapy regimens
were selected depending on the era. After the CCOG0301
study [6], S-1 monotherapy for a year is regarded as standard
postoperative chemotherapy in this population. However, the
actual administration of S-1 depended on patients’ perfor-
mance status and intention. Third, the study period is so
long, and standard chemotherapy was completely different
depending on the period, so it is difficult to evaluate the
correlation between peripheral blood score and therapeutic
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effect of chemotherapy. Fourth, the cutoff value of NLR
and LMR was determined by the training set, and thus, the
usefulness of the cutoff value should be evaluated in the
validation set. The sample size of this study is insufficient;
hence, accumulation of CY1 patients by prospective cohort
study is required.

In conclusion, the results of this multi-institutional ret-
rospective study support the importance of post-NLR and
pre-LMR in CY1 gastric cancer patients. To the best of our
knowledge, this is the first report showing blood-based pre-
dictors for survival in CY1 gastric cancer patients, which
are available in daily clinical practice. These predictors may
contribute to determining the strategies of perioperative
chemotherapy for CY1 gastric cancer. It is also warranted
to conduct a prospective trial in larger patient cohorts to
confirm a useful perioperative chemotherapeutic regimen
referring post-NLR and pre-LMR for CY1 gastric cancer.
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