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ABSTRACT

Background The inflammatory response plays a
crucial role in tumor development. Inflammatory mark-
ers are recognized prognostic factors in many types of
cancer, including gastric cancer. However, the correla-
tion between inflammatory markers and prognosis in
remnant gastric cancer (RGC) remains unclear. The aim
of this study was to evaluate the importance of inflam-
matory markers as a prognostic factor in patients who
underwent gastrectomy for RGC.

Methods This multicenter retrospective study in-
volved 107 patients with RGC who underwent curative
gastrectomy at 10 institutions in Japan between January
2000 and December 2016. Both overall survival (OS)
and relapse-free survival (RFS) were analyzed.

Results Receiver operating characteristic analyses
indicated that the lymphocyte/monocyte ratio (LMR)
had a higher area under the curve compared with other
potential prognostic factors. Patients were categorized
into high- and low LMR groups by the optimal LMR
cutoff value. Preoperative LMR was significantly corre-
lated with reconstruction way after the primary surgery
(p=0.032) and lymphatic invasion (p=0.046). OS and
RFS were significantly worse in the low- vs high LMR
groups. Low LMR, T3 or deeper tumor invasion, and
low body mass index were independent prognostic fac-
tors for OS and RFS.

Conclusion Preoperative low LMR is associated with
poor OS and RFS in patients who undergo gastrectomy
for RGC.

Key words lymphocyte/monocyte ratio, prognosis,
remnant gastric cancer.

The incidence rate of remnant gastric cancer (RGC)
is 2.4% among all gastric carcinomas.! Over time,
surgical techniques and chemotherapy protocols for
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treating gastric cancer have advanced considerably.
Consequently, treatment strategies for gastric cancer
are clearly outlined in the Japanese guidelines.”? While
treatment strategies for primary gastric cancer have
been fairly well-established and standardized, there
remain numerous unclear points regarding the optimal
treatment for RGC, such as the extent of lymph node
dissection. Additionally, studies have reported that the
5-year survival rates following gastrectomy are notably
worse for patients with stage III RGC compared with
those with proximal primary gastric cancer.’ Therefore,
the examination of prognostic factors and the develop-
ment of appropriate treatment strategies for RGC are
urgent tasks.

Several studies have reported that inflammatory
markers, such as the neutrophil/lymphocyte ratio (NLR),
platelet/lymphocyte ratio (PLR), and lymphocyte/mono-
cyte ratio (LMR), are significant prognostic factors for
numerous gastrointestinal cancers, including gastric
cancer, and these factors may influence treatment strate-
gies.*~® The inflammatory response plays a crucial role
in the different stages of tumor development, including
the promotion, invasion, and metastasis of cancer
cells.” However, there have been no prominent reports
on the utility of these inflammatory markers in RGC.
This multicenter retrospective study aimed to identify
significant inflammatory markers to predict prognosis
in patients who undergo curative gastrectomy for RGC.
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Prognostic Value of LMR in RGC Patients

Patients who underwent gastrectomy for
remnant gastric cancer (n = 171)

Patients who did not undergo
standard gastrectomy (7 = 8)

Patients who received
noncurative gastrectomy (n = 13)

Patients with missing data on
blood sampling and surgical
parameters (n = 43)

Patients included in this analysis (n = 107)

Fig. 1. STROBE diagram. Finally, we included 107 patients in
this analysis.

SUBJECTS AND METHODS

Patients

From January 2000 to December 2016, 171 patients who
were diagnosed with RGC underwent gastrectomy in 10
institutions participating in the present study. Among
these patients, 8 who underwent procedures other than
standard gastrectomy, such as combined resection of
other organs, 13 who underwent non-curative gastrecto-
my, and 43 with missing data on blood sampling results
or surgical factors were excluded (Fig. 1). Therefore,
we included 107 patients in this analysis. The clinico-
pathological findings were defined and documented in
accordance with the Japanese gastric cancer treatment
guidelines.® Clinical data, namely age, sex, body mass
index (BMI), histology, depth of tumor invasion, lymph
node metastasis, pathological stage, operation duration,
blood loss volume, and surgical procedure for RGC and
the primary disease, were collected from the databases
of the participating institutions. The Clavien—Dindo
classification was used to assess postoperative compli-
cations, focusing on events classified as grade >2.°

Inflammation and nutritional factors

Peripheral neutrophil, lymphocyte, monocyte, and
platelet counts (cells/mm?3) were collected from the
patients’ medical records. Preoperative blood tests
were performed within 30 days before surgery. NLR
was calculated by dividing the peripheral neutrophil
count by the peripheral lymphocyte count.!”® PLR was
calculated by dividing the peripheral platelet count by
the peripheral lymphocyte count.'! LMR was calculated
by dividing the peripheral lymphocyte count by the
peripheral monocyte count.'

Table 1. Receiver operating characteristic analysis for
overall survival (OS)

Analysis for OS

Variables AUC P-Value
NLR 0.596 0.088
PLR 0.589 0.057
LMR 0.665 0.003

AUC, area under the curve; LMR, lymphocyte/monocyte ratio;
NLR, neutrophil/lymphocyte ratio; PLR, platelet/lymphocyte
ratio.

Statistical analysis

Differences in clinicopathological characteristics be-
tween two groups were evaluated using the chi-square
test for categorical variables and the Mann—Whitney
U test for continuous variables. The Youden index
was calculated using receiver operating characteristic
analysis for overall survival (OS) to determine optimal
cutoffs for NLR, PLR, LMR, age, BMI, and depth of
tumor invasion. Survival curves were calculated using
the Kaplan—Meier method, and differences between
the curves were identified using the log-rank test.
Multivariate analyses of factors considered prognostic
for OS and relapse-free survival (RFS) were performed
using a Cox proportional hazards model. A p value of
<0.05 was considered statistically significant. GraphPad
Prism (GraphPad Software, Inc., La Jolla, CA) and
SPSS for Windows Version 24 (IBM Corp., Armonk,
NY) were used for the statistical analyses.

Ethical considerations

The study protocol was approved by the institutional
review boards of each participating hospital [Tottori
University Hospital ethics committee (19A133);
Japanese Red Cross Tottori Hospital ethics committee
(82-3); Tottori Prefectural Central Hospital ethics com-
mittee (2020-1); Sanin Rosai Hospital ethics committee
(2020-13); Matsue City Hospital ethics committee (2A-
0005); Hamada Medical Center ethics committee (3072);
Yonago Medical Center ethics committee (0204-02);
ethics committee of Tottori Prefectural Kousei Hospital
(207); Masuda Red Cross Hospital Medical Ethics
Committee (75); Saihaku Hospital ethics committee
(20072)].

RESULTS

Impact of LMR

Table 1 shows the areas under the curve (AUC) for
several potential prognostic factors that were deter-
mined using receiver operating characteristic analysis
for the OS of all 107 patients. Among these, LMR had
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Fig. 2. Receiver operating characteristic curves for the lympho-
cyte/monocyte ratio for overall survival. Lymphocyte/monocyte
ratio had the highest area under the curve and predictive value.
The optimal lymphocyte/monocyte ratio cutoff value for overall
survival was 5.04.

the highest AUC and predictive value. On the basis of
this analysis, the optimal LMR cutoff value for OS was
determined (Fig. 2), and the patients were divided into a
high LMR (LMRMi¢h, = 92) and low LMR (LMRL°¥,
n = 159) groups. The patients’ characteristics in both
groups are shown in Table 2. Preoperative LMR was
significantly correlated with reconstruction way after
the primary surgery (P = 0.032) and lymphatic invasion
(P =10.046).

LMR as a risk factor for OS
The OS rate in the LMRYY group was significantly
worse than that in the LMRHigh group (5-year OS,
54.3% vs 81.1%, respectively; P = 0.006; Fig. 3A).
Univariate analysis revealed that OS was sig-
nificantly worse in patients with low BMI, positive
lymphatic invasion, positive venous invasion, T3 or
deeper tumor invasion, positive lymph node metastasis,
and low LMR. Multivariate analysis revealed that low
BMI, T3 or deeper tumor invasion, and low LMR were
independent prognostic factors for OS (Table 3).

LMR as a risk factor for RFS
The RFS rate in the LMRYY group was significantly
worse than that in the LMRMigh group (5-year RFS,
47.7% vs 76.6%, respectively; P = 0.003; Fig. 3B).
Univariate analysis for RFS revealed that the sig-
nificant risk factors were low BMI, positive lymphatic
invasion, positive venous invasion, T3 or deeper tumor
invasion, positive lymph node metastasis, and low
LMR. Multivariate analysis revealed that low BMI,
T3 or deeper tumor invasion, and low LMR were
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independent prognostic factors for RFS (Table 4).

DISCUSSION

This multicenter study revealed that LMR was an
independent prognostic factor for both OS and RFS in
RGC patients. To the best of our knowledge, this is the
first time the usefulness of LMR has been reported in
patients with RGC.

Initially conceived as a prognostic marker for he-
matologic malignancies, LMR is a recognized prognos-
tic marker for many types of cancer, reflecting systemic
inflammation.!3-> However, the precise mechanisms
that link LMR to a poor prognosis are unclear. Because
LMR is derived from lymphocyte and monocyte
counts, a possible explanation for the mechanism is a
relationship with tumor-infiltrating immune cells, which
play a crucial role against tumor growth. In particular,
tumor-infiltrating lymphocytes are important in the cell-
mediated anti-tumor immune response. Therefore, low
lymphocyte counts can lead to a compromised immune
response against cancer cells.!® 7 Furthermore, high
numbers of tumor-infiltrating lymphocytes can result
in improved clinical outcomes.'® ! Notably, monocytes
have the ability to differentiate into tumor-associated
macrophages (TAMs), which play a pivotal role in
tumor development. TAMs promote tumor progression
by producing a variety of growth factors and cyto-
kines that induce angiogenesis and suppress immune
responses.’ 2 Some reports indicate that patients with
high- vs low TAMS infiltration experienced poorer
0S.22:23 Thus, LMR is considered to reflect immune
status and has notable potential as a valuable prognostic
indicator. As with primary gastric cancer,> %24 LMR
is a prognostic factor in RGC. Among the inflamma-
tory markers, LMR had the highest AUC, and LMR
remained significant in the multivariate analysis. Our
findings revealed that LMR appeared more useful than
other commonly studied inflammatory markers as a
prognostic marker.

We identified depth of tumor invasion and
underweight status as independent prognostic factors
in RGC, as with primary gastric cancer,?> %6 but this
was not true for lymph node metastasis. Lymph node
metastasis is considered a prognostic factor in primary
gastric cancer.?’” The Japanese treatment guidelines
for primary gastric cancer detail the optimal extent of
lymph node dissection.® Although the effectiveness of
lymph node dissection has been extensively studied in
RGC,?® the debate regarding the extent of dissection
persists, possibly owing to changes in lymphatic flow
following the initial surgery. There are also reports sug-
gesting that lymph node metastasis is not a prognostic
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Table 2. Comparison of patient characteristics in the LMR-*" and LMR"9" groups

Variables LMRLow LMR High P-Value
(n="171) (n=36)
Age (years) 0.35
Median (range) 75 (49-89) 70 (48-85)
Sex 0.20
Male 62 (74%) 28 (73%)
Female 9 (26%) 8 (27%)
Histology of the primary disease 0.28
Benign 27 (35.2%) 9 (25%)
Malignant 46 (64.8%) 27 (75%)
Procedures of primary surgery 0.71
Distal gastrectomy 64 (90.1%) 32 (88.9%)
Proximal gastrectomy 7 (9.9%) 4 (11.1%)
Reconstruction after primary surgery 0.032
Billroth I 36 (50.7%) 28 (77.8%)
Billroth IT 23 (32.4%) 4 (11.1%)
Roux-en-Y 3 4.2%) 0 (0.0%)
Others 9 (12.7%) 4 (11.1%)
Tumor size (cm) 0.84
Median (range) 34 (0.5-14) 3.8 (0.5-9)
Histology 0.13
differentiated 50 (70.4%) 20 (55.6%)
undifferentiated 21 (29.6%) 16 (44.4%)
Depth of invasion 0.28
T12 46 (64.8%) 27 (75.0%)
T3/4 25 (35.2%) 9 (25.0%)
Lymph node metastasis (present) 18 (25.4%) 5(13.9%) 0.17
Lymphatic invasion (present) 44 (62.0%) 15 (41.7%) 0.046
Venous invasion (present) 44 (62.0%) 17 (47.2%) 0.15
Stage of disease 0.34
1 42 (59.2%) 26 (72.2%)
I 20 (28.2%) 8 (22.2%)
I 9 (12.7%) 2 (5.6%)
Operative procedure 0.51
Total gastrectomy 67 (94.4%) 35(97.2%)
Distal gastrectomy 4 (5.6%) 1(2.8%)
Approach 0.80
Open 64 (90.1%) 33 (91.7%)
Laparoscopic 7(9.9%) 3(8.3%)
Postoperative complication (present) 19 (26.8%) 4 (11.1%) 0.063
Lymphocytes (cells/mm3)
Median (range) 1340 (106—2883) 1734 (270-3948) 0.001
Monocytes (cells/mm3)
Median (range) 420 (164-3000) 276 (34—658) <0.001

TNM staging was in accordance with the 15th edition of the Japanese classification of gastric carcinoma. TNM,
tumor, lymph nodes, metastasis.
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Fig. 3. Overall survival- (A) and relapse-free survival (B) curves by the lymphocyte/monocyte ratio. The overall
and relapse-free survival rates in the LMRY group were significantly worse than that in the LMRMig" group.

Table 3. Univariate and multivariate analyses of overall survival

Variables Univariate analysis P-Value Multivariate analysis P-Value
Hazard ratio (95% CI) Hazard ratio (95% CI)

Age>175 1.177 (0.6592.102) 0.581

Sex (male) 0.977 (0.434-2.200) 0.955

BMI < 19.83 2.336 (1.255-4.346) 0.007 2.415 (1.270-4.592) 0.007
Lymphatic invasion 3.233 (1.639-6.376) <0.001 1.859 (0.797-4.337) 0.151
Venous invasion 2.645 (1.359-5.146) 0.004 1.136 (0.498-2.591) 0.762
pr>3 3.380 (1.881-6.073) <0.001 2.372 (1.168—4.818) 0.017
pN+ 2.432 (1.322-4.472) 0.004 1.128 (0.535-2.377) 0.752
LMR <5.04 2.764 (1.291-5.920) 0.009 2.868 (1.297-6.344) 0.009

BMI, body mass index; CI, confidence interval; LMR, lymphocyte/monocyte ratio; pN, pathological lymph node metastasis; pT, patho-

logical depth of invasion.

factor. Matsuo et al. reported T stage and venous
invasion as important prognostic factors for RGC,?’
and Matsunaga et al. reported T stage and geriatric
nutritional risk index as significant predictors of both
long- and short-term outcomes for older patients with
RGC.3° However, there are conflicting reports indicat-
ing lymph node metastasis as an important prognostic
factor for RGC.3!> 32 Therefore, further investigation is
needed regarding lymph node metastasis and lymph
node dissection. In the present study, LMR was associ-
ated with reconstruction way after the primary surgery
and lymphatic invasion. Regardless of the LMR value,
a high number of patients underwent distal gastrectomy
as their initial surgery. However, in the low LMR group,
many patients underwent reconstruction with Billroth
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II. Katai et al. reported that the frequency of metastasis
to the jejunal lymph nodes was higher in patients who
had undergone Billroth I or Roux-en-Y reconstruction
way.”® Therefore, changes in lymphatic flow due to the
initial surgery may be related to LMR in some way.

Our study has several limitations. First, as a
retrospective study, it inherently carries biases that may
affect the interpretation of the results. Second, despite
being a multicenter study, the number of patients was
small. Third, the study period for eligible cases spanned
16 years owing to the rarity of RGC and the limited
number of cases. Consequently, surgeons’ skills and
treatment methods have advanced in this period.

In conclusion, LMR, as an inflammatory marker,
is considered a useful prognostic factor in patients with
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Table 4. Univariate and multivariate analyses of recurrence-free survival

Variables Univariate analysis P-Value Multivariate analysis P-Value
Hazard ratio (95% CI) Hazard ratio (95% CI)

Age>T75 1.253 (0.730-2.149) 0413

Sex (male) 0.992 (0.465-2.118) 0.984

BMI < 19.83 2.239 (1.263-3.969) 0.006 2.323 (1.288-4.189) 0.005

Lymphatic invasion 2.608 (1.432-4.749) 0.002 1.423 (0.665-3.045) 0.364
Venous invasion 2.591 (1.398-4.801) 0.002 1.350 (0.625-2.918) 0.445

plr>3 3.118 (1.805-5.386) <0.001 2.220 (1.150—4.285) 0.017

pN+ 2.158 (1.210-3.849) 0.009 1.084 (0.532-2.207) 0.824

LMR <5.04 2.824 (1.379-5.780) 0.005 2.990 (1.422—-6.288) 0.004

BMI, body mass index; CI, confidence interval; pN, pathological lymph node metastasis; pT, pathological depth of invasion.

RGC.
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