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Background: Optimal prognostic biomarkers for patients with gastric cancer who
received immune checkpoint inhibitor (ICl) are lacking. Inflammatory markers including
lymphocyte-to-monocyte ratio (LMR), platelet-to-lymphocyte ratio (PLR), and systemic
inflammation index (Sll) are easily available. However, its correlation with ICl is unknown in
gastric cancer. Here, we evaluated the potential association between LMR, PLR, and Sl
with clinical outcomes in gastric cancer patients undergoing ICl therapy.

Methods: We examined LMR, PLR, Sl at baseline, and 6 (+ 2) weeks later in 139 patients
received ICl therapy between August 2015 and April 2019 at Peking University Cancer
Hospital (Beijing, China). Landmark analysis at 6 weeks was conducted to explore
the prognostic value of LMR, PLR, and Sl on progress-free survival (PFS), and
overall survival (OS). A Cox proportional hazards model was used to compute mortality
hazard ratios (HRs) for LMR, adjusting for potential confounders including age, sex,
ECOG, tumor location, tumor differentiation, tumor stage, line of therapy, and type of
anti-PD-1/PD-L1 therapy.

Results: Among 139 patients, 103 (74.1%) were male, median age was 60 years. Median
duration of therapy was 6 cycles. We observed that both LMR at baseline and week 6
were independent prognostic factors. Patients with a higher LMR (> 3.5) at baseline
or week 6 had superior PFS [baseline: HR 0.58, 95% confidence interval (Cl): 0.38-0.91;
week 6: HR 0.48, 95% CI: 0.29-0.78] and OS (baseline: HR 0.38, 95% CI: 0.24-0.62;
week 6: HR 0.52, 95% ClI: 0.31-0.88) compared with patients with a lower LMR (< 3.5).
Furthermore, for patients with both LMR > 3.5 at baseline and LMR > 3.5 at week 6 were
estimated to have much better PFS (HR 0.41, 95% Cl: 0.23-0.72) and OS (HR 0.34, 95%
Cl: 0.18-0.64) than patients with both LMR < 3.5 at baseline and LMR < 3.5 at week 6.

Frontiers in Oncology | www.frontiersin.org

1 June 2021 | Volume 11 | Article 589022


https://www.frontiersin.org/articles/10.3389/fonc.2021.589022/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.589022/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.589022/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.589022/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.589022/full
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:shenlin@bjmu.edu.cn
https://doi.org/10.3389/fonc.2021.589022
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2021.589022
https://www.frontiersin.org/journals/oncology
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2021.589022&domain=pdf&date_stamp=2021-06-01

Chen et al.

LMR in ICI Therapy

Conclusions: Baseline and early changes in LMR were strongly associated with survival
in gastric cancer patients who received ICI therapy, and may serve to identify patients

most likely to benefit from ICI.

Keywords: lymphocyte-to-monocyte ratio, PD-1/PD-L1, immunotherapy, gastric cancer, prognostic biomarker

INTRODUCTION

Gastric cancer (GC) is the fifth most common cancer and the
third leading cause of cancer death worldwide, especially with a
high incidence in East Asia (1). Immune checkpoint inhibitors
(ICI), represented by antibodies targeting programmed cell death
protein-1 (PD-1), or PD-1 ligand 1 (PD-L1), have revolutionized
the treatment strategy of advanced gastric cancer (2).
Pembrolizumab (a PD-1 inhibitor) monotherapy demonstrated
promising activity with objective response rate (ORR) of 11.6%
(95% CI: 8.0%-16.1%) in advanced gastric or gastroesophageal
junction cancer (GEJ) who had previously received at least two
lines of treatment (3). The ATTRACTION-2 study showed a
significant survival advantage with nivolumab (a PD-1 inhibitor)
compared with placebo (HR 0.63, 95% CI: 0.51-0.78) in
advanced gastric or GEJ cancer patients after two or more lines
of therapy (4).

Although ICI elicits durable antitumor effects, immunotherapy
could cause serious toxicities and high treatment cost, thus there is
an urgent need to identify patients most likely to benefit from ICI
(5). However, biomarkers for prognosis of immunotherapy remain
largely unidentified. PD-L1 has been proved to reflect therapeutic
outcomes of ICI in several types of cancer, yet the predictive value of
PD-L1 expression in GC is controversial (6). KEYNOTE-061 trial
showed a trend towards better overall survival (OS) with
pembrolizumab in patients with PD-L1 positive tumors
[combined positivity score (CPS) > 1, HR 0.81, 95% CI: 0.66-
1.00; CPS = 5, HR 0.72, 95% CI: 0.53-0.99; CPS = 10, HR 0.69, 95%
CIL: 0.46-1.05] (7). In KEYNOTE-062 study, pembrolizumab
monotherapy showed a significant improvement in OS (HR 0.69,
95% CI: 0.49-0.97) compared with chemotherapy in patients with
strong PD-L1 positive (CPS > 10) (8). However, data from
JAVELIN Gastric 300, CheckMate032, and ATTRACTION-2 did
not support the concept of PD-L1 positivity as a predictive response
marker to ICIs (4, 9, 10). Additionally, higher tumor mutation
burden (TMB) has been correlated with better ORR and superior
overall survival (OS) in patients treated with pembrolizumab in
KEYNOTE-061 trial (11). However, both PD-L1 expression and
TMB are limited by dynamic changes over treatment, tumor
heterogeneity and different test methods. Previous studies
reported that microsatellite instability-high (MSI-H) and Epstein-
Barr virus (EBV)-positive gastric cancer prone to have a better
response from ICI therapy, but there appear to be a significant
portion of patients who do benefit from immunotherapy with
microsatellite stable (MSS) or EBV-negative status (12). Therefore,
we need to identify biomarkers which could be readily available and
easy to monitor the ICI treatment response in GC patients.

Cancer-related inflammation plays a critical role in
tumorigenesis, angiogenesis and disease progression (13, 14).

Therefore, inflammatory biomarkers reflecting response to ICI
treatment may help clinical decision-making. Systemic
inflammation could be reflected with alterations in peripheral
blood cell composition (lymphocytes, monocytes, neutrophils,
platelets) that can be presented by neutrophils-to-lymphocytes
ratio (NLR), lymphocyte-to-monocyte ratio (LMR), platelet-to-
lymphocyte ratio (PLR), and systemic immune-inflammation
index (SII) (15). Our group previously reported that higher
derived NLR level was correlated with reduced OS in non-
colorectal gastrointestinal cancer patients receiving immune
checkpoint blockades (16). In addition, a few studies showed
that low pretreatment LMR is a significant prognostic biomarker
for poor survival in GC patients received curative resection or
chemotherapy (17, 18). However, the utility of LMR in the
context of immunotherapy for GC has not been well-studied.

We hypothesized that the LMR at baseline and 6 weeks later
might be associated with prognosis in advanced gastric cancer
patients received ICI therapy. To test this hypothesis, we utilized
a retrospective cohort of advanced gastric cancer patients treated
with ICI in Peking University Cancer Hospital and examined
survival in relation to the time-scaled changes of LMR.

MATERIALS AND METHODS
Study Population and Design

We performed a retrospective analysis of advanced gastric cancer
patients treated with anti-PD-1/PD-L1-based treatment regimens
recruited by the Department of Gastrointestinal Oncology, at
Peking University Cancer Hospital and Institute from August
2015 to April 2019. Written informed consent was signed by the
patient or their legal guardian before receiving ICI treatment. All
blood tests and treatments were performed in accordance with
institutional guidelines. Clinical doctors collected demographic
information, histology, and laboratory tests from patients’
electronic medical records. The inclusion criteria were:
1) pathologically confirmed GC; 2) initial stage III or IV;
3) administration at least one dose of anti-PD-1/PD-L1-based
treatment regimens. The exclusion criteria were: 1) incomplete
hematological data; 2) lost to follow-up.

Patients were observed until death or end of follow-up (April 2,
2020), whichever came first. Dates of death were obtained from
telephone calls by follow-up center in the hospital. The study
protocol was approved by the Ethics Committee of the Peking
University Cancer Hospital and Institute.

Assessment of Hematological Parameters
Blood samples were routinely collected prior to therapy (Day 0
or 1) and every 7 days. Inflammatory markers were calculated
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based on lymphocytes (L), monocytes (M), platelets (P), and
neutrophils (N): lymphocyte-to-monocyte ratio (LMR) defined
as L/M, platelet-lymphocyte ratio (PLR) defined as P/L, SII
defined as Px N/L. We included L, M, P, N at the initiation of
ICI and at 6 (+ 2) weeks after therapy. OS was defined as the time
from initial ICI treatment to death. Progression-free survival
(PFS) was defined as the time from initial ICI treatment to
disease progress or death. Censoring occurred if patients were
still alive at last follow up. The cutoff values of LMR, PLR, SII
were determined by time-dependent receiver operating
characteristics (t-ROC) analysis to maximize differences of OS.
Mismatch repair (MMR) status and EBV status are routinely
tested for gastric cancer in our hospital.

Assessment of MMR Status

The status of major mismatch repair (MMR) was routinely
examined by immunohistochemistry (IHC) staining of four
proteins (MLH1, PMS2, MSH2 and MSH6). Tumors with a
deficient MMR (dMMR) phenotype were defined as showing loss
of expression of 1 or more MMR proteins. Proficient MMR
(pPMMR) phenotype tumors were defined as showing intact
MMR protein expression.

Assessment of EBV Infection Status

EBYV infection was detected by chromogenic in situ hybridization
with EBV-encoded small RNA (EBER) using fluorescein-labeled
oligonucleotide probes (INFORMEBER Probe; Ventana).
Positive EBER nuclear expression in tumor cells with negative
signals in normal tissue was considered to be positive results.

Statistical Analysis

Primary outcome endpoints were PFS and OS. Our primary
hypothesis was the assessment of an association of LMR, PLR,
SII at baseline/week 6 with mortality in multivariable-adjusted Cox
proportional hazards regression model. We initially included the
variables of age (< 60 vs. > 60), sex (male vs. female), Eastern
Cooperative Oncology Group Performance Status (ECOG PS) (1-
2 vs. 0), tumor location (GEJ vs. Non-GJE), tumor differentiation
(well-moderate vs. poor), Lauren classification (intestinal type vs.
diffused type vs. mixed type), HER2 expression (positive vs.
negative), PD-L1 expression (positive vs. negative), MMR status
[proficient MMR (pMMR) vs. deficient MMR (dMMR)], EBV
status (positive vs. negative), line of therapy (1 vs. 2 vs. 23), and
type of therapy (monotherapy vs. combination therapy). We
conducted a backward elimination with a threshold of P = 0.05
to select variables for the final models. Disease stage (stage III vs.
stage IV) was used as a stratifying variable using the “strata” option
in the “SPSS” COX model. For cases with missing information in
any of the categorical covariates [tumor differentiation (8.6%),
Lauren classification (9.4%), HER2 expression (4.3%), MMR status
(9.4%), PD-L1 expression (10.8%), and EBV status (18.0%), we
included these cases in the majority category of a given
covariate. We implemented Kapan-Meier method to estimate the
distribution of progression-free survivals and overall survivals, and
log-rank test into our analyses. A landmark analysis at 6 weeks
was conducted to explore the prognostic value of LMR, PLR, SII at
6-weeks. All statistical analyses were performed using SPSS

(Version 20). All P values were two-sided and statistical
significance was considered at P < 0.05.

RESULTS

We included 139 advanced gastric cancer patients who received
anti-PD-1/PD-L1-based treatment at Peking University Cancer
Hospital retrospectively. Among 139 patients, 103 (74.1%) were
male, median age was 60 years. Median duration of therapy was 6
cycles. Considering line of therapy, 70 patients (50.4%) received
treatment in the first-line, 34 (24.5%) in the second-line, and 35
(25.1%) in the third-line or later. As for type of therapy, 51
patients received ICI monotherapy, and 88 patients received
anti-PD-1/PD-L1-based combination therapy (Table 1). One
hundred patients were treated as part of a clinical trial. Median
PES and OS after therapy initiation were 4.3 (95% CI: 3.3-5.3)
and 11.7 (95% CI: 8.3-15.1) months, respectively. During the
median follow-up time of 23.8 (95% CI: 20.7-26.8) months, there
were 91 deaths. For landmark analysis, we included 121
advanced gastric cancer patients with L, M, P, N available at 6
(% 2) weeks after initial therapy.

Optimal cut-off values for baseline LMR, PLR and SII were
calculated and applied to categorized patients into high LMR (=3.5,
n=71, 51.1%) and low LMR (<3.5, n=68, 48.9%); high PLR
(=173.7, n=63, 45.3%) and low PLR (<173.7, n=76, 54.7%); high SII
(2665.3, n=75, 54.0%) and low SII (>665.3, n=64, 46.0%) groups,
respectively. As baseline LMR level (< 3.5 vs. 23.5) was associated
with line of therapy and type of anti-PD-1/PD-L1 therapy, we further
evaluated prognostic value of LMR stratified by line of therapy and
type of therapy (Supplementary Table 1). The ORR for patients with
lower baseline LMR (< 3.5) was 38% (20/53 cases), whereas those with
higher LMR (= 3.5) was 48% (30/63 cases; P = 0.13). The disease
control rate (DCR) for patients with lower baseline LMR (< 3.5) was
62% (33/53 cases), whereas those with higher LMR (> 3.5) was 83%
(52/63 cases; P = 0.012). Patients with higher LMR achieved a higher
DCR rate, predicting good survival benefit. Patients with higher PLR
or SII at week 6 were associated with lower DCR rate and lower ORR
rate (P < 0.05) (Supplementary Table 2).

Baseline LMR and LMR at week 6 later were independent
prognostic factors. Higher baseline LMR (= 3.5) was associated
with superior PFS (adjusted HR = 0.58, 95% CI: 0.38-0.90, P =
0.014), and OS (adjusted HR = 0.38, 95% CI: 0.24-0.62, P <
0.001) compared with lower baseline LMR (< 3.5). Higher LMR
at week 6 (= 3.5) was also correlated with better PFS (adjusted
HR = 0.48, 95% CI: 0.29-0.78, P = 0.004), and OS (adjusted HR =
0.52, 95% CI: 0.31-0.88, P = 0.016) compared with lower LMR at
week 6 (< 3.5) (Table 2). Figure 1 shows Kaplan-Meier curves
for progression-free survival and overall survival according to
LMR at baseline and week 6. Baseline PLR and SII were
associated with OS in advanced gastric cancer treated with ICI
in univariate analysis (Supplementary Figure 1). In addition,
patients with a higher SII (> 665.3) at week 6 had inferior PFS
(HR 2.05, 95% CI: 1.27-3.30) and OS (HR 2.78, 95% CI: 1.64-
4.70) compared with patients with a lower SII (< 665.3).

In the exploratory analysis, continuous LMR was also strongly
associated with survival. A higher LMR at baseline and week 6 were
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TABLE 1 | Characteristics of advanced gastric cancer patients.

TABLE 1 | Continued

Characteristic* N =139
Age

Median, IQR 60 (561-67)
Sex (male/female)

Male 103 (74.1%)

Female 36 (25.9%)
ECOG PS

0 63 (45.3%)

1-2 76 (54.7%)
Prediagnosis body mass index

Median, IQR 21.8 (19.6-23.9)
Location

GEJ 23 (16.5%)

Non-GEJ 116 (83.5%)
Differentiation

Well-moderate 23 (16.6%)

Poor 104 (74.8%)

Unknown 12 (8.6%)
Lauren classification

Intestinal type 43 (30.9%)

Diffused type 40 (28.8%)

Mixed type 43 (30.9%)

Unknown 13 (9.4%)
Stage

Il 11 (7.9%)

\% 128 (92.1%)
HER2 expression

Positive 9 (6.5%)

Negative 124 (89.2%)

Unknown 6 (4.3%)

PD-L1 expression

Positive (TC/TIC) 56 (40.3%)

Negative 68 (48.9%)
Unknown 15 (10.8%)
MMR status
pMMR 112 (80.6%)
dMMR 14 (10.1%)
Unknown 13 (9.4%)
EBV status
Positive 10 (7.2%)
Negative 104 (74.8%)
Unknown 25 (18.0%)
Line of therapy
1 70 (50.4%)
2 34 (24.5%)
>3 35 (25.1%)
Type of anti-PD-1/PD-L1 therapy
Monotherapy 51 (36.7%)
Combination therapy
chemotherapy 57 (41.0%)
VEGF-targeted therapy 13 (9.4%)
CTLA-4 15 (10.8%)
HER2-targeted therapy 3 (2.2%)
LMR-baseline
Median, IQR 3.54 (2.17-4.47)
LMR-week 6
Median, IQR 3.00 (2.13-4.32)
PLR-baseline
Median, IQR 161.8 (120.3-240.7)
PLR-6 weeks
Median, IQR 175.0 (123.0-258.7)
Sll-baseline
Median, IQR 694.5 (424.3-1166.3)

(Continued)

Characteristic* N =139
SlI-6 weeks
Median, IQR 545.2 (278.9-1126.7)

*Percentage indicates the proportion of patients with a specific clinical, pathologic, or
molecular characteristic among all patients.

dMMR, deficient mismatch repair; pMMR, proficient mismatch repair; IQR, interquartile
range; TC, tumor cells; TIC, tumor-infiltrating immune cells.

independently associated with superior PFS (LMR at baseline:
adjusted HR per 1 unit increase in LMR = 0.87, 95% CI: 0.77-0.99;
LMR at week 6: adjusted HR per 1 unit increase in LMR = 0.78, 95%
CL: 0.67-0.91), and OS (LMR at baseline: adjusted HR per 1 unit
increase in LMR = 0.81, 95% CI: 0.69-0.95; LMR at week 6: adjusted
HR per 1 unit increase in LMR = 0.78, 95% CI: 0.66-0.94)
(Supplementary Table 3). We also tried to delineate whether the
prognostic value of LMR was predominantly due to a higher
lymphocytes or lower monocytes. We found that the prognostic
value of baseline LMR was due to a ratio of both immune cells
(Supplementary Table 3). Previous studies reported differential
associations between patient’s survival and type of therapy, line of
therapy and PD-L1 expression. Therefore, we additionally examined
the prognostic value of LMR stratified by these above factors as
sensitivity analyses. The correlation of LMR at baseline and week 6
with survival were consistent stratified by type of ICI therapy
(monotherapy or combination therapy), by line of therapy
(1, 2, 23), or by PD-L1 expression (positive or negative)
(Supplementary Tables 4-6).

Furthermore, we categorized patients into four groups
according to both baseline LMR and LMR at week 6 as
follows: (i) low-low (LMR-baseline < 3.5 and LMR-6 weeks <
3.5); (ii) low-high (LMR-baseline < 3.5 and LMR-6 weeks > 3.5);
(iii) high-low (LMR-baseline > 3.5 and LMR-6 weeks < 3.5); and
(iv) high-high (LMR-baseline > 3.5 and LMR-6 weeks > 3.5).
Patients with both LMR 2 3.5 at baseline and LMR > 3.5 at week-
6 were estimated to have much better PFS (HR 0.41, 95% CI:
0.23-0.72, median PFS: 9.8 vs. 4.2 months) and OS (HR 0.34,
95% CI: 0.18-0.64, median OS: 19.0 vs. 9.8 months) than patients
with both LMR < 3.5 at baseline and LMR < 3.5 at week 6 (Tables
3, 4 and Figure 2), suggesting that the combination of baseline
and week 6 information strengthened the prognostic value of
LMR in ICI therapy of GC.

DISCUSSION

Immunotherapy is revolutionizing the treatment strategy in GC
(19). Nonetheless, given the severe adverse events and high
health care burden, easily accessible prognostic markers will be
of great help for clinical decision-making (20). To our
knowledge, it is the first study to demonstrate that high LMR
at baseline and week 6 are independent predictors for superior
PFS and OS in advanced GC patients treated with ICI.
Importantly, higher LMR predicted better clinical outcome
regardless of PD-L1 expression, type of therapy, or line of
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TABLE 2 | Association of LMR, PLR, Sl at baseline, and at week 6 (+ 2 weeks) with survival in multivariable Cox regression models in advanced gastric cancer

patients.
No. of cases No. of events No. of events
Univariate HR Multivariate HR* Univariate HR Multivariate HR*
(95% ClI) (95% Cl) (95% ClI) (95% Cl)

LMR-baseline

<35 68 57 1 (reference) 1 (reference) 51 1 (reference) 1 (reference)

>35 71 46 0.62 (0.42-0.91) 0.58 (0.38-0.90) 40 0.55 (0.36-0.83) 0.38 (0.24-0.62)
P value 0.015 0.014 0.005 <0.001
LMR-6 weekst

<35 74 59 1 (reference) 1 (reference) 54 1 (reference) 1 (reference)

>3.5 47 28 0.53 (0.34-0.84) 0.48 (0.29-0.78) 24 0.57 (0.35-0.993) 0.52 (0.31-0.88)

P value 0.006 0.004 0.024 0.016
PLR-baseline

<173.7 76 53 1 (reference) 1 (reference) 43 1 (reference) 1 (reference)

>173.7 63 50 1.27 (0.86-1.87) 1.25 (0.81-1.93) 48 1.52 (1.01-2.29) 1.58 (1.00-2.50)

P value 0.22 0.30 0.047 0.051
PLR-6 weekst

<173.7 60 38 1 (reference) 1 (reference) 31 1 (reference) 1 (reference)

>173.7 61 49 1.82 (1.19-2.79) 1.54 (0.95-2.51) 47 1.96 (1.25-3.10) 1.85 (1.10-3.09)

P value 0.006 0.08 0.0036 0.020
Sll-baseline

< 665.3 64 47 1 (reference) 1 (reference) 35 1 (reference) 1 (reference)

> 665.3 75 56 1.30 (0.88-1.92) 1.37 (0.90-2.09) 56 1.79 (1.17-2.73) 1.99 (1.23-3.23)

P value 0.19 0.14 0.007 0.005
SII-6 weeksT

< 665.3 65 42 1 (reference) 1 (reference) 34 1 (reference) 1 (reference)

> 665.3 56 45 2.17 (1.42-3.32) 2.05 (1.27-3.30) 44 2.49 (1.68-3.92) 2.78 (1.64-4.70)

P value <0.001 0.003 <0.001 <0.001

*The multivariable, stage (stage lll vs. stage IV)-stratified Cox regression model initially included age (< 60 vs. > 60), sex (male vs. female), ECOG PS (1-2 vs. 0), tumor location (GEJ vs. Non-
GJE), tumor differentiation (well-moderate vs. poor), Lauren classification (intestinal type vs. diffused type vs. mixed type), HER2 expression (positive vs. negative), PD-L1 expression
(positive vs. negative), MMR status (PMMR vs. dMMR), EBV status (positive vs. negative), lines of therapy (1 vs. 2 vs. 23), and types of therapy (monotherapy vs. combination therapy).
A backward elimination with a threshold of P = 0.05 was used to select variables in the final models.

"Landmark approach was used where OS and PFS were calculated from 6 weeks after therapy initiation. Patients who progressed before the 6 week landmark time were excluded for

PFS analysis.
Cl, confidence interval; HR, hazard ratio; PFS, progression-free survival; OS, overall surviva

therapy. Our results demonstrate that routine clinical tests of
peripheral immune cells might provide further insight into the
evaluation of treatment response.

Our findings are consistent with previous studies on a
superior survival for higher LMR compared with lower LMR
in GC patients underwent surgery or received chemotherapy.
Several studies have reported that higher preoperative LMR
(cut-off values for LMR ranged from 3.15 to 5.15) were
associated with better disease-free survival (DFS), or OS in
gastric cancer patients who underwent surgical resection (17,
19-22). Similarly, unfavorable prognostic impact of low LMR
on OS was observed in 4908 gastric cancer patients of different
disease stages in a meta-analysis (23). Although changes in
LMR could reflect patients’ response to therapy, there were few
studies focused on dynamic changes of LMR in advanced GC.
In non-small cell lung cancer patients who treated with
nivolumab, increasing of LMR was significantly associated
with higher ORR, prolonged PFS and OS (24). In gastric
cancer patients who underwent surgery, an increased post-
operative peripheral monocyte count compared with the pre-
operative monocyte count was a marker of poor prognosis (25).
Our study, for the first time, showed that patients with both
higher baseline LMR and higher week 6 LMR were associated

/.

with much better PFS and OS compared with patients who had
both lower baseline LMR and lower week 6 LMR in GC patients
underwent ICI therapy. This could further identify patients
who are mostly benefit from treatment.

Apart from all clinical implications, it is interesting to
speculate potential mechanisms for the prognostic value of
LMR. To achieve a positive response from PD-1/PD-L1-based
therapy, a favorable host immune balance is needed (26). The
higher LMR reflects sufficient lymphocyte inflammation and/or
lower monocyte count. Experimental evidence shows that the
higher LMR or fewer monocytes was related to the larger number
of CD3+ T cells in the tumor site in 240 colorectal cancer
patients (27). In addition, systemic inflammation markers
included NLR and prognostic nutritional index are associated
with the density of CD4+T cells in the tumor microenvironment
of 288 gastric cancer patients (28). Thus, we can assume that the
peripheral lymphocyte count and monocyte count may be
indicators for lymphocyte infiltration in the tumor site.
Tumor-infiltrating lymphocytes (TILs) are thought to be
necessary for immune reinvigorating when treated with ICI,
low lymphocyte counts might cause insufficient immunological
activation. TILs are strong positive predictors of survival in many
tumor types, including GC (29). Several studies report that high
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FIGURE 1 | Kaplan-Meier curves of progression-free survival (PFS) and overall survival (OS) according to LMR at baseline (A, B) or week 6 (C, D). The P values
were calculated using log-rank test (two-sided).

CD3, or CD8 expression in primary tumor are favorable  with clinical outcome and patients’ survival in ICI therapy, and
prognostic factors in GC treated with chemotherapy and/or  these predictions warrant further investigation in future work.

targeted therapy (30). Similarly, higher density of pretreatment Monocytes are of great importance in regulating cancer
tumor infiltrating CD8" T cell is also a predictor of better clinical ~ progression, angiogenesis, metastasis, and suppression of
response to anti-PD-1 therapy in melanoma (31). In addition, an  immunity (37). High baseline CD14"HLA-DR"* monocyte
increased CD8"'T cell density in primary tumor was associated ~ were associated with poor clinical outcomes in studies involving
with tumor regression in responders (32). Another study showed  immunotherapy (38). Classical monocytes recruited to tumor
that high percentage of CD8" TILs that were PD-1"TIM-3"LAG-  site by chemokines, including colony-stimulating factor 1 (CSF-
3" correlated with high levels of T-cell activation and was 1), chemokine (C-C motif) ligand 2 (CCL2), and chemokine (C-
associated with better PFS and OS in metastatic clear cell renal C motif) ligand 5 (CCL5), then polarized into M2 tumor-
cell carcinoma treated with nivolumab (33). Even in MSI-H associated macrophages (TAMs) (39). The cytokines, such as
metastatic colorectal cancer treated with ICI, cases with high ~ CCL5 and IL10, will also recruit regulatory T cells (Treg) to the
number of TILs were observed with better PFS and OS,  tumor site, and appears to be negatively associated with CD8 + T
increased number of TILs was correlated with higher TMB (34). cell infiltration (40). Experimental studies showed that TAMs
Furthermore, a higher density of B-lymphocytes was also found to  could accelerate angiogenesis, tumor cell invasion and metastasis
be associated with better PD-1/PD-L1 blockade response and  through the upregulation and release of various chemokines,
longer survival in sarcoma and melanoma (35, 36). Taken such as vascular endothelial growth factor A (VEGF-A), urokinase
together, the density and phenotype of TILs were correlated  plasminogen activator (uPA), matrix metalloproteinases (MMPs),

Frontiers in Oncology | www.frontiersin.org 6 June 2021 | Volume 11 | Article 589022


https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Chen et al. LMR in ICI Therapy

TABLE 3 | Association of changes in LMR with PFS in multivariable Cox regression models of advanced gastric cancer patients.

LMR groupst No. of cases No. of events Median PFS (95% CI), month  Univariate HR (95% CI) P value Multivariate HR* (95% CI) P value

Low-Low 48 41 4.2 (2.2-6.2) 1 (reference) 1 (reference)

Low-High 9 6 6.4 (0.6-12.2) 0.61 (0.26-1.44) 0.26 0.56 (0.23-1.38) 0.21
High-Low 26 18 4.3 (2.1-6.5) 0.82 (0.47-1.42) 0.47 0.75 (0.39-1.41) 0.37
High-High 38 22 9.8 (3.8-15.7) 0.47 (0.28-0.80) 0.005 0.41 (0.23-0.72) 0.002

*The multivariable, stage (stage lll vs. stage IV)-stratified Cox regression model initially included age (< 60 vs. > 60), sex (male vs. female), ECOG PS (1-2 vs. 0), tumor location (GEJ vs. Non-
GJE), tumor differentiation (well-moderate vs. poor),Lauren classification (intestinal type vs. difftused type vs. mixed type), HER2 expression (positive vs. negative), PD-L1 expression
(positive vs. negative), MMR status (pMMR vs. dMMR), EBV status (positive vs. negative), lines of therapy (1 vs. 2 vs. >3), and types of therapy (monotherapy vs. combination therapy).
A backward elimination with a threshold of P = 0.05 was used to select variables in the final models.

TFour groups of LMR changes: (i) low-low (LMR-baseline < 3.5 and LMR-6 weeks < 3.5); (i) low-high (LMR-baseline < 3.5 and LMR-6 weeks > 3.5); (i) high-low (LMR-baseline > 3.5 and
LMR-6 weeks < 3.5); and (iv) high-high (LMR-baseline > 3.5 and LMR-6 weeks > 3.5).

Cl, confidence interval; HR, hazard ratio; PFS, progression-free survival; OS, overall survival.

TABLE 4 | Association of changes in LMR with OS in multivariable Cox regression models of advanced gastric cancer patients.

LMR groupst No. of cases No. of events Median OS (95% CIl), month  Univariate HR (95% CI) P value Multivariate HR* (95% CI) P value

Low-Low 48 37 9.8 (6.6-12.9) 1 (reference) 1 (reference)

Low-High 9 5 15.3 (6.6-24.0) 0.62 (0.24-1.57) 0.31 0.55 (0.21-1.45) 0.23
High-Low 26 17 16.9 (8.1-25.6) 0.69 (0.39-1.23) 0.21 0.43 (0.22-0.84) 0.013
High-High 38 19 19.0 (14.5-23.5) 0.48 (0.28-0.84) 0.010 0.34 (0.18-0.64) 0.001

*The multivariable, stage (stage lll vs. stage IV)-stratified Cox regression model initially included age (< 60 vs. > 60), sex (male vs. female), ECOG PS (1-2 vs. 0), tumor location (GEJ vs. Non-
GJE), tumor differentiation (well-moderate vs. poor), lines of therapy (1 vs. 2 vs. 23), Lauren classification (intestinal type vs. diffused type vs. mixed type), HER2 expression (positive vs.
negative), PD-L1 expression (positive vs. negative), MMR status (pMMR vs. dMMR), EBV status (positive vs. negative), and types of therapy (monotherapy vs. combination therapy).
A backward elimination with a threshold of P = 0.05 was used to select variables in the final models.

*Four groups of LMR changes: (i) low-low (LMR-baseline < 3.5 and LMR-6 weeks < 3.5); (i) low-high (LMR-baseline < 3.5 and LMR-6 weeks > 3.5); (iii) high-low (LMR-baseline > 3.5 and
LMR-6 weeks < 3.5); and (iv) high-high (LMR-baseline > 3.5 and LMR-6 weeks > 3.5).

Cl, confidence interval; HR, hazard ratio; PFS, progression-free survival; OS, overall survival.
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FIGURE 2 | Kaplan-Meier curves of progression-free survival (A) and overall survival (B) according to LMR at baseline and week 6. (A) The median PFS of group “high-high,”
“high-low,” “low-high,” and “low-low” were 9.8 months (95% Cl: 3.8-15.7), 4.3 months (95% Cl: 2.1-6.5), 6.4 months (95% CI: 0.6-12.2), and 4.2 months (95% Cl: 2.2-6.2),
respectively. (B) The median OS of group “high-high,” “high-low,” “low-high,” and “low-low” were 19.0 months (95% Cl: 14.5-23.5), 16.9 months (95% Cl: 8.1-25.6), 15.3
months (95% Cl: 6.6-24.0), and 9.8 months (95% Cl: 6.6-12.9), respectively. The P values were calculated using log-rank test (two-sided).

and transforming growth factor beta (TGFf) (41). High levels of in vivo experiment showed that TAM mediated resistance in
CD68+ TAMs in GC were associated with metastasis and poor  anti-PD1 therapy in melanoma (44, 45). Furthermore, as CSF-1
prognosis (42). CD163+ M2 macrophages are also independent  is an important regulator of monocytes differentiation into TAMs,
significant poor prognostic factors in GC (43). Additionally, ~ blocking CSF-1/CSF-1R axis could be an attractive therapeutic
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target for immunotherapy. Blocking CSF1R results in remarkably
reduced TAMs, enhanced antitumor T cell responses, and
enhanced efficacy of ICI for the treatment of several cancer
types (46-48). In summary, a higher proportion of monocytes
may reflect a higher density of TAMs and could serve as an
indicator of poor clinical outcomes in ICI therapy.

Still, limitations existed in our study. First, this was a
retrospective analysis conducted in a single-center, which might
cause bias and have potential confounders. We attempted to control
for bias by utilizing multivariable analysis to adjust for GC-specific
prognostic variables, including age, sex, stage, tumor location,
tumor differentiation, Lauren type, and ECOG PS. Second, our
cohort included patients who are lack of tumor mutation burden
information. However, previous studies reported that tumor
mutation burden related to MSI-H status, or PD-L1 expression.
We adjusted molecular pathology biomarkers in the COX model
including HER2 expression, EBV status, MMR status, and PD-L1
expression. Furthermore, we validated our results in stratified
analysis. In summary, the above limitations did not significantly
affect our main findings. Although our results would benefit from
prospective validation, the LMR prognostic value at baseline and 6
weeks could allow early identification of responders of ICI therapy
in GC. Ultimately, LMR is a helpful prognostic biomarker but also
should be considered in the context of all clinical information when
making clinical-decision for each individual patient.

CONCLUSION

In our cohort of GC patients treated with PD-1/PD-L1-based
immune checkpoint inhibitor, higher baseline and 6-week LMR
were independently associated with a superior PFS and OS.
The LMR appears to be an available, affordable, prognostic
marker in GC patients treated with ICI and warrants larger,
prospective validation.

DATA AVAILABILITY STATEMENT

The data supporting this study are available on reasonable request.

REFERENCES

1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global
Cancer Statistics 2018: GLOBOCAN Estimates of Incidence and Mortality
Worldwide for 36 Cancers in 185 Countries. CA: Cancer J Clin (2018) 68
(6):394-424. doi: 10.3322/caac.21492

2. Muro K, Chung HC, Shankaran V, Geva R, Catenacci D, Gupta S, et al.
Pembrolizumab for Patients With PD-L1-Positive Advanced Gastric Cancer
(KEYNOTE-012): A Multicentre, Open-Label, Phase 1b Trial. Lancet Oncol
(2016) 17(6):717-26. doi: 10.1016/s1470-2045(16)00175-3

3. Fuchs CS, Doi T, Jang RW, Muro K, Satoh T, Machado M, et al. Safety and Efficacy
of Pembrolizumab Monotherapy in Patients With Previously Treated Advanced
Gastric and Gastroesophageal Junction Cancer: Phase 2 Clinical KEYNOTE-059
Trial. JAMA Oncol (2018) 4(5):¢180013. doi: 10.1001/jamaoncol.2018.0013

4. Kang Y-K, Boku N, Satoh T, Ryu M-H, Chao Y, Kato K, et al. Nivolumab in
Patients With Advanced Gastric or Gastro-Oesophageal Junction Cancer
Refractory to, or Intolerant of, At Least Two Previous Chemotherapy Regimens

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the institutional review board for the Peking
University Cancer Hospital. The patients/participants provided
their written informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

LS, JL, and YC conceived the study. YC collected and analyzed
the data. YC, CZ, and ZP prepared and edited the manuscript
with input from all co-authors. All authors contributed to the
article and approved the submitted version.

FUNDING

This work was supported by the Major Program of National Natural
Science Foundation of China (2017YFC0908404, 91959205), the
third round of public welfare development and reform pilot projects
of Beijing Municipal Medical Research Institutes (Beijing Medical
Research Institute, 2019-1), the China Postdoctoral Science Funding
(2019M660009), and the National Natural Science Foundation of
China (81802327 and 81872341). The funder had no role in study
design, data collection and analysis, decision to publish, or
preparation of the manuscript.

ACKNOWLEDGMENTS

We deeply thank information departments in the hospital for
data cleaning.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2021.
589022/full#supplementary-material

(ONO-4538-12, ATTRACTION-2): A Randomised, Double-Blind, Placebo-
Controlled, Phase 3 Trial. Lancet (2017) 390(10111):2461-71. doi: 10.1016/
$0140-6736(17)31827-5

5. Havel JJ, Chowell D, Chan TA. The Evolving Landscape of Biomarkers for
Checkpoint Inhibitor Immunotherapy. Nat Rev Cancer (2019) 19(3):133-50.
doi: 10.1038/s41568-019-0116-x

6. Davis AA, Patel VG. The Role of PD-L1 Expression as a Predictive Biomarker:
An Analysis of All US Food and Drug Administration (FDA) Approvals of
Immune Checkpoint Inhibitors. J Immunother Cancer (2019) 7(1):278.
doi: 10.1186/540425-019-0768-9

7. Shitara K, Ozgiiroglu M, Bang Y-J, Di Bartolomeo M, Mandala M, Ryu M-H,
et al. Pembrolizumab Versus Paclitaxel for Previously Treated, Advanced
Gastric or Gastro-Oesophageal Junction Cancer (KEYNOTE-061): A
Randomised, Open-Label, Controlled, Phase 3 Trial. Lancet (2018) 392
(10142):123-33. doi: 10.1016/s0140-6736(18)31257-1

8. Tabernero ], Van Cutsem E, Bang Y, Fuchs C, Wyrwicz L, Lee K, et al.
Pembrolizumab With or Without Chemotherapy Versus Chemotherapy for

Frontiers in Oncology | www.frontiersin.org

June 2021 | Volume 11 | Article 589022


https://www.frontiersin.org/articles/10.3389/fonc.2021.589022/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2021.589022/full#supplementary-material
https://doi.org/10.3322/caac.21492
https://doi.org/10.1016/s1470-2045(16)00175-3
https://doi.org/10.1001/jamaoncol.2018.0013
https://doi.org/10.1016/s0140-6736(17)31827-5
https://doi.org/10.1016/s0140-6736(17)31827-5
https://doi.org/10.1038/s41568-019-0116-x
https://doi.org/10.1186/s40425-019-0768-9
https://doi.org/10.1016/s0140-6736(18)31257-1
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Chen et al.

LMR in ICI Therapy

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

First-Line Treatment of Advanced Gastric or Gastroesophageal Junction (G/
GEJ) Adenocarcinoma: The Phase 3 KEYNOTE-062 Study. Ann Oncol (2019)
30:iv152-iv3. doi: 10.1093/annonc/mdz183.001

. Janjigian YY, Bendell J, Calvo E, Kim JW, Ascierto PA, Sharma P, et al.

Checkmate-032 Study: Efficacy and Safety of Nivolumab and Nivolumab Plus
Ipilimumab in Patients With Metastatic Esophagogastric Cancer. ] Clin Oncol Off
J Am Soc Clin Oncol (2018) 36(28):2836-44. doi: 10.1200/JCO.2017.76.6212
Bang YJ, Ruiz EY, Van Cutsem E, Lee KW, Wyrwicz L, Schenker M, et al.
Phase III, Randomised Trial of Avelumab Versus Physician’s Choice of
Chemotherapy as Third-Line Treatment of Patients With Advanced Gastric
or Gastro-Oesophageal Junction Cancer: Primary Analysis of JAVELIN
Gastric 300. Ann Oncol Off ] Eur Soc Med Oncol (2018) 29(10):2052-60.
doi: 10.1093/annonc/mdy264

Kim J, Kim B, Kang SY, Heo YJ, Park SH, Kim ST, et al. Tumor Mutational
Burden Determined by Panel Sequencing Predicts Survival After
Immunotherapy in Patients With Advanced Gastric Cancer. Front Oncol
(2020) 10:314. doi: 10.3389/fonc.2020.00314

Kim ST, Cristescu R, Bass AJ, Kim KM, Odegaard JI, Kim K, et al.
Comprehensive Molecular Characterization of Clinical Responses to PD-1
Inhibition in Metastatic Gastric Cancer. Nat Med (2018) 24(9):1449-58.
doi: 10.1038/s41591-018-0101-z

Chen DS, Mellman I. Elements of Cancer Immunity and the Cancer-Immune
Set Point. Nature (2017) 541(7637):321-30. doi: 10.1038/nature21349

Leone P, Buonavoglia A, Fasano R, Solimando AG, De Re V, Cicco S, et al.
Insights Into the Regulation of Tumor Angiogenesis by Micro-Rnas. ] Clin
Med (2019) 8(12):2030. doi: 10.3390/jcm8122030

Wang H, Ding Y, Li N, Wu L, Gao Y, Xiao C, et al. Prognostic Value of Neutrophil-
Lymphocyte Ratio, Platelet-Lymphocyte Ratio, and Combined Neutrophil-
Lymphocyte Ratio and Platelet-Lymphocyte Ratio in Stage IV Advanced Gastric
Cancer. Front Oncol (2020) 10:841. doi: 10.3389/fonc.2020.00841

Li S, Zou J, Liu C, Jiao X, Gong J, Li J, et al. Baseline Derived Neutrophil-to-
Lymphocyte Ratio as a Prognostic Biomarker for Non-Colorectal
Gastrointestinal Cancer Patients Treated With Immune Checkpoint
Blockade. Clin Immunol (2020) 212:108345. doi: 10.1016/j.clim.2020.108345
LiZ,Li S, Ying X, Zhang L, Shan F, Jia Y, et al. The Clinical Value and Usage of
Inflammatory and Nutritional Markers in Survival Prediction for Gastric Cancer
Patients With Neoadjuvant Chemotherapy and D2 Lymphadenectomy. Gastric
Cancer Off ] Int Gastric Cancer Assoc Japan Gastric Cancer Assoc (2020) 23
(3):540-9. doi: 10.1007/s10120-019-01027-6

Hsu JT, Wang CC, Le PH, Chen TH, Kuo CJ, Lin CJ, et al. Lymphocyte-to-
Monocyte Ratios Predict Gastric Cancer Surgical Outcomes. J Surg Res (2016)
202(2):284-90. doi: 10.1016/j.js5.2016.01.005

Deng Q, He B, Liu X, Yue J, Ying H, Pan Y, et al. Prognostic Value of Pre-
Operative Inflammatory Response Biomarkers in Gastric Cancer Patients and
the Construction of a Predictive Model. J Trans Med (2015) 13:66.
doi: 10.1186/s12967-015-0409-0

Kennedy LB, Salama AKS. A Review of Cancer Immunotherapy Toxicity. CA:
Cancer ] Clin (2020) 70(2):86-104. doi: 10.3322/caac.21596

Lin JX, Lin JP, Xie JW, Wang JB, Lu J, Chen QY, et al. Prognostic Value and
Association of Sarcopenia and Systemic Inflammation for Patients With
Gastric Cancer Following Radical Gastrectomy. Oncologist (2019) 24(11):
e1091-e101. doi: 10.1634/theoncologist.2018-0651

Lin JX, Lin JP, Xie JW, Wang JB, Lu J, Chen QY, et al. Prognostic Importance
of the Preoperative Modified Systemic Inflammation Score for Patients With
Gastric Cancer. Gastric Cancer Off ] Int Gastric Cancer Assoc Japan Gastric
Cancer Assoc (2019) 22(2):403-12. doi: 10.1007/s10120-018-0854-6

Ma]JY, Liu Q. Clinicopathological and Prognostic Significance of Lymphocyte
to Monocyte Ratio in Patients With Gastric Cancer: A Meta-Analysis. Int ]
Surg (2018) 50:67-71. doi: 10.1016/j.ijsu.2018.01.002

Suh KJ, Kim SH, Kim Y], Kim M, Keam B, Kim TM, et al. Post-Treatment Neutrophil-
to-Lymphocyte Ratio At Week 6 is Prognostic In Patients With Advanced Non-Small
Cell Lung Cancers Treated With Anti-PD-1 Antibody. Cancer Immunol Immunother
CII (2018) 67(3):459-70. doi: 10.1007/s00262-017-2092-x

Urakawa S, Yamasaki M, Goto K, Haruna M, Hirata M, Morimoto-Okazawa
A, et al. Peri-Operative Monocyte Count Is a Marker of Poor Prognosis in
Gastric Cancer: Increased Monocytes Are a Characteristic of Myeloid-Derived
Suppressor Cells. Cancer Immunol Immunother CII (2019) 68(8):1341-50.
doi: 10.1007/500262-019-02366-0

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Tumeh PC, Harview CL, Yearley JH, Shintaku IP, Taylor EJ, Robert L, et al.
PD-1 Blockade Induces Responses by Inhibiting Adaptive Immune
Resistance. Nature (2014) 515(7528):568-71. doi: 10.1038/nature13954

Guo G, Wang Y, Zhou Y, Quan Q, Zhang Y, Wang H, et al. Immune Cell
Concentrations Among the Primary Tumor Microenvironment in Colorectal
Cancer Patients Predicted by Clinicopathologic Characteristics and Blood
Indexes. ] Immunother Cancer (2019) 7(1):179. doi: 10.1186/s40425-019-0656-3
Choi Y, Kim JW, Nam KH, Han SH, Kim JW, Ahn SH, et al. Systemic
Inflammation is Associated With the Density of Immune Cells in the Tumor
Microenvironment of Gastric Cancer. Gastric Cancer Off ] Int Gastric Cancer
Assoc Japan Gastric Cancer Assoc (2017) 20(4):602-11. doi: 10.1007/s10120-
016-0642-0

Jiang Y, Zhang Q, Hu Y, Li T, Yu J, Zhao L, et al. Immunoscore Signature: A
Prognostic and Predictive Tool in Gastric Cancer. Ann Surg (2018) 267
(3):504-13. doi: 10.1097/SLA.0000000000002116

Xing X, Guo J, Ding G, Li B, Dong B, Feng Q, et al. Analysis of PD1, PDLI1,
PDL2 Expression and T Cells Infiltration in 1014 Gastric Cancer Patients.
Oncoimmunology (2018) 7(3):e1356144. doi: 10.1080/2162402X.2017.1356144
Wong PF, Wei W, Smithy JW, Acs B, Toki MI, Blenman KRM, et al. Multiplex
Quantitative Analysis of Tumor-Infiltrating Lymphocytes and Immunotherapy
Outcome in Metastatic Melanoma. Clin Cancer Res An Off ] Am Assoc Cancer Res
(2019) 25(8):2442-9. doi: 10.1158/1078-0432.CCR-18-2652

Plesca I, Tunger A, Muller L, Wehner R, Lai X, Grimm MO, et al.
Characteristics of Tumor-Infiltrating Lymphocytes Prior to and During
Immune Checkpoint Inhibitor Therapy. Front Immunol (2020) 11:364.
doi: 10.3389/fimmu.2020.00364

Pignon JC, Jegede O, Shukla SA, Braun DA, Horak CE, Wind-Rotolo M, et al.
Irrecist for the Evaluation of Candidate Biomarkers of Response to Nivolumab
in Metastatic Clear Cell Renal Cell Carcinoma: Analysis of a Phase II
Prospective Clinical Trial. Clin Cancer Res An Off ] Am Assoc Cancer Res
(2019) 25(7):2174-84. doi: 10.1158/1078-0432.CCR-18-3206

Loupakis F, Depetris I, Biason P, Intini R, Prete AA, Leone F, et al. Prediction
of Benefit From Checkpoint Inhibitors in Mismatch Repair Deficient
Metastatic Colorectal Cancer: Role of Tumor Infiltrating Lymphocytes.
Oncologist (2020) 25(6):481-7. doi: 10.1634/theoncologist.2019-0611
Petitprez F, de Reynies A, Keung EZ, Chen TW, Sun CM, Calderaro J, et al. B
Cells are Associated With Survival and Immunotherapy Response in Sarcoma.
Nature (2020) 577(7791):556-60. doi: 10.1038/s41586-019-1906-8

Cabrita R, Lauss M, Sanna A, Donia M, Skaarup Larsen M, Mitra S, et al.
Tertiary Lymphoid Structures Improve Immunotherapy and Survival in
Melanoma. Nature (2020) 577(7791):561-5. doi: 10.1038/s41586-019-1914-8
Olingy CE, Dinh HQ, Hedrick CC. Monocyte Heterogeneity and Functions in
Cancer. ] Leukocyte Biol (2019) 106(2):309-22. doi: 10.1002/JLB.4RI0818-311R
Mengos AE, Gastineau DA, Gustafson MP. The CD14(+)HLA-DR(Lo/Neg)
Monocyte: An Immunosuppressive Phenotype That Restrains Responses to
Cancer Immunotherapy. Front Immunol (2019) 10:1147. doi: 10.3389/
fimmu.2019.01147

Gambardella V, Castillo ], Tarazona N, Gimeno- Valiente F, Martinez-Ciarpaglini
C, Cabeza-Segura M, et al. The Role of Tumor-Associated Macrophages in Gastric
Cancer Development and Their Potential as a Therapeutic Target. Cancer Treat
Rev (2020) 86:102015. doi: 10.1016/j.ctrv.2020.102015

Zhou J, Tang Z, Gao S, Li C, Feng Y, Zhou X. Tumor-Associated
Macrophages: Recent Insights and Therapies. Front Oncol (2020) 10:188.
doi: 10.3389/fonc.2020.00188

Nakamura K, Smyth MJ. Myeloid Immunosuppression and Immune
Checkpoints in the Tumor Microenvironment. Cell Mol Immunol (2020) 17
(1):1-12. doi: 10.1038/s41423-019-0306-1

Larionova I, Cherdyntseva N, Liu T, Patysheva M, Rakina M, Kzhyshkowska J.
Interaction of Tumor-Associated Macrophages and Cancer Chemotherapy.
Oncoimmunology (2019) 8(7):1596004. doi: 10.1080/2162402X.2019.1596004
Liu X, Xu D, Huang C, Guo Y, Wang S, Zhu C, et al. Regulatory T Cells and
M2 Macrophages Present Diverse Prognostic Value in Gastric Cancer Patients
With Different Clinicopathologic Characteristics and Chemotherapy
Strategies. ] Trans Med (2019) 17(1):192. doi: 10.1186/s12967-019-1929-9
Arlauckas SP, Garris CS, Kohler RH, Kitaoka M, Cuccarese MF, Yang KS,
et al. In Vivo Imaging Reveals a Tumor-Associated Macrophage-Mediated
Resistance Pathway in Anti-PD-1 Therapy. Sci Trans Med (2017) 9(389):
eaal3604. doi: 10.1126/scitranslmed.aal3604

Frontiers in Oncology | www.frontiersin.org

June 2021 | Volume 11 | Article 589022


https://doi.org/10.1093/annonc/mdz183.001
https://doi.org/10.1200/JCO.2017.76.6212
https://doi.org/10.1093/annonc/mdy264
https://doi.org/10.3389/fonc.2020.00314
https://doi.org/10.1038/s41591-018-0101-z
https://doi.org/10.1038/nature21349
https://doi.org/10.3390/jcm8122030
https://doi.org/10.3389/fonc.2020.00841
https://doi.org/10.1016/j.clim.2020.108345
https://doi.org/10.1007/s10120-019-01027-6
https://doi.org/10.1016/j.jss.2016.01.005
https://doi.org/10.1186/s12967-015-0409-0
https://doi.org/10.3322/caac.21596
https://doi.org/10.1634/theoncologist.2018-0651
https://doi.org/10.1007/s10120-018-0854-6
https://doi.org/10.1016/j.ijsu.2018.01.002
https://doi.org/10.1007/s00262-017-2092-x
https://doi.org/10.1007/s00262-019-02366-0
https://doi.org/10.1038/nature13954
https://doi.org/10.1186/s40425-019-0656-3
https://doi.org/10.1007/s10120-016-0642-0
https://doi.org/10.1007/s10120-016-0642-0
https://doi.org/10.1097/SLA.0000000000002116
https://doi.org/10.1080/2162402X.2017.1356144
https://doi.org/10.1158/1078-0432.CCR-18-2652
https://doi.org/10.3389/fimmu.2020.00364
https://doi.org/10.1158/1078-0432.CCR-18-3206
https://doi.org/10.1634/theoncologist.2019-0611
https://doi.org/10.1038/s41586-019-1906-8
https://doi.org/10.1038/s41586-019-1914-8
https://doi.org/10.1002/JLB.4RI0818-311R
https://doi.org/10.3389/fimmu.2019.01147
https://doi.org/10.3389/fimmu.2019.01147
https://doi.org/10.1016/j.ctrv.2020.102015
https://doi.org/10.3389/fonc.2020.00188
https://doi.org/10.1038/s41423-019-0306-1
https://doi.org/10.1080/2162402X.2019.1596004
https://doi.org/10.1186/s12967-019-1929-9
https://doi.org/10.1126/scitranslmed.aal3604
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Chen et al. LMR in ICI Therapy

45. Neubert NJ, Schmittnaegel M, Bordry N, Nassiri S, Wald N, Martignier C, Drives Senescence and Tumor Inhibition in Advanced Prostate Cancer. Cell
et al. T Cell-Induced CSF1 Promotes Melanoma Resistance to PD1 Blockade. Rep (2019) 28(8):2156-68.¢5. doi: 10.1016/j.celrep.2019.07.068
Sci Trans Med (2018) 10(436):eaan3311. doi: 10.1126/scitranslmed.aan3311

46. Zhu Y, Yang J, Xu D, Gao XM, Zhang Z, Hsu JL, et al. Disruption of Tumour- Contflict of Interest: The authors declare that the research was conducted in the
Associated Macrophage Trafficking by the Osteopontin-Induced Colony- absence of any commercial or financial relationships that could be construed as a
Stimulating Factor-1 Signalling Sensitises Hepatocellular Carcinoma to Anti-PD- potential conflict of interest.

L1 Blockade. Gut (2019) 68(9):1653-66. doi: 10.1136/gutjnl-2019-318419
47. Viitala M, Virtakoivu R, Tadayon S, Rannikko J, Jalkanen S, Hollmen M. Copyright © 2021 Chen, Zhang, Peng, Qi, Gong, Zhang, Li and Shen. This is an open-

Immunotherapeutic Blockade of Macrophage Clever-1 Reactivates the CD8(+) access article distributed under the terms of the Creative Commons Attribution
T-Cell Response Against Immunosuppressive Tumors. Clin Cancer Res An License (CC BY). The use, distribution or reproduction in other forums is permitted,
Off ] Am Assoc Cancer Res (2019) 25(11):3289-303. doi: 10.1158/1078- provided the original author(s) and the copyright owner(s) are credited and that the
0432.CCR-18-3016 original publication in this journal is cited, in accordance with accepted academic

48. Di Mitri D, Mirenda M, Vasilevska J, Calcinotto A, Delaleu N, Revandkar A, practice. No use, distribution or reproduction is permitted which does not comply with
et al. Re-Education of Tumor-Associated Macrophages by CXCR2 Blockade these terms.

Frontiers in Oncology | www.frontiersin.org 10 June 2021 | Volume 11 | Article 589022


https://doi.org/10.1126/scitranslmed.aan3311
https://doi.org/10.1136/gutjnl-2019-318419
https://doi.org/10.1158/1078-0432.CCR-18-3016
https://doi.org/10.1158/1078-0432.CCR-18-3016
https://doi.org/10.1016/j.celrep.2019.07.068
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Association of Lymphocyte-to-Monocyte Ratio With Survival in Advanced Gastric Cancer Patients Treated With Immune Checkpoint Inhibitor
	Introduction
	Materials and Methods
	Study Population and Design
	Assessment of Hematological Parameters
	Assessment of MMR Status
	Assessment of EBV Infection Status
	Statistical Analysis

	Results
	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
    /ENP ()
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


