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Monocyte subsets associated with the efficacy
of anti-PD-1 antibody monotherapy
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Abstract. Immune checkpoint inhibitors (ICIs) are among the
most notable advances in cancer immunotherapy; however, reli-
able biomarkers for the efficacy of ICIs are yet to be reported.
Programmed death (PD)-ligand 1 (L1)-expressing CD14*
monocytes are associated with shorter overall survival (OS)
time in patients with cancer treated with anti-PD-1 antibodies.
The present study focused on the classification of monocytes
into three subsets: Classical, intermediate and non-classical. A
total of 44 patients with different types of cancer treated with
anti-PD-1 monotherapy (pembrolizumab or nivolumab) were
enrolled in the present study. The percentage of each monocyte
subset was investigated, and the percentage of cells expressing
PD-L1 or PD-1 within each of the three subsets was further
analyzed. Higher pretreatment classical monocyte percentages
were correlated with shorter OS (r=-0.32; P=0.032), whereas
higher non-classical monocyte percentages were correlated
with a favorable OS (r=0.39; P=0.0083). PD-L1-expressing
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classical monocytes accounted for a higher percentage of the
total monocytes than non-classical monocytes with PD-L1
expression. In patients with non-small cell lung cancer
(NSCLC), a higher percentage of PD-L1-expressing classical
monocytes was correlated with shorter OS (r=-0.60; P=0.012),
which is similar to the observation for the whole patient
cohort. Comparatively, higher percentages of non-classical
monocytes expressing PD-L1 were significantly associated
with better OS, especially in patients with NSCLC (r=0.60;
P=0.010). Moreover, a higher percentage of non-classical
monocytes contributed to prolonged progression-free survival
in patients with NSCLC (r=0.50; P=0.042), with similar results
for PD-L1-expressing non-classical monocytes. The results
suggested that the percentage of monocyte subsets in patients
with cancer before anti-PD-1 monotherapy may predict the
treatment efficacy and prognosis. Furthermore, more classical
monocytes and fewer non-classical monocytes, especially
those expressing PD-L1, are involved in shortening OS time,
which may indicate the poor efficiency of anti-PD-1 treatment
approaches.

Introduction

Programmed death protein-1 (PD-1) and PD-ligand 1 (PD-L1)
are the central factors of immune checkpoints that intervene
in immune escape. These immune checkpoints are actuated
by ligand and receptor binding, blocking their signaling path-
ways (1). Previous studies have reported that the PD-1/PD-L1
pathway has a role in resistance to antitumor immunity in
numerous types of cancer (1,2). Immune checkpoint inhibitors
(ICIs) are among the biggest breakthroughs in immuno-
therapy, showing notable efficacy against various cancer
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types by suppressing immune checkpoint-mediated immune
escape (3.4).

PD-L1 expression in tumor cells suppresses activation of
tumor-infiltrating lymphocytes and promotes tumor progres-
sion (5,6). This suggests that the level of PD-L1 expression
may have a greater than expected effect on tumor dynamics.
Moreover, cumulative evidence has indicated that not only
tumor cells with PD-L1 expression, as quantified by the tumor
proportion score (TPS), but also PD-L1-expressing immune
cells, as quantified by the combined positive score, play a
crucial role in predicting the response to ICIs (4,7,8). An asso-
ciation has previously been reported between the therapeutic
efficiency of anti-PD-1 antibodies and PD-L1 expression in both
tumor and tumor-infiltrating immune cells in lung cancer (8),
breast cancer (9) and malignant melanoma (10). Therefore, the
expression levels of PD-L1 molecules in either tumor cells or
tumor-infiltrating immune cells may serve as biomarkers to
predict the therapeutic response to ICIs. However, there are
no ideal biomarkers for treatment prediction (11), and PD-L1
expression, detected using immunohistochemistry (IHC), has
several limitations as a predictive biomarker. Tumor tissue
collection can be difficult in some patients; it is invasive and
it cannot be frequently monitored. Moreover, PD-L1 expres-
sion in either tumor or immune cells is determined using
immunostaining and through visual inspection of tumor
tissue by pathologists, which limits objectivity in determining
PD-L1 expression levels. In addition, different IHC assays for
PD-L1 have been developed for each ICI drug, and different
antibodies have been used to predict efficacy, thus raising the
question of how different these IHC assays are, whether they
need to be performed separately, and whether harmoniza-
tion is possible (12). To validate this issue, an international
comparative study was conducted: The Blueprint study sought
to differentiate between the following four antibodies: 28-8,
22C3, SP142 and SP263 (13). The three antibodies 28-8, 22C3
and SP263 showed similar positivity rates, whereas SP142
showed a lower positivity rate for PD-L1. Although the three
aforementioned assays showed similar analytical performance
for PD-L1 expression, switching assays and cut-off values
could lead to misclassification of PD-L1 status. In addition,
the cut-off values used in the aforementioned clinical trials
varied from 1 to 50% (13), creating bias in defining positive
PD-L1 expression. Furthermore, tissue-to-tissue and temporal
heterogeneity of PD-L1 expression limits accurate and precise
assessment, and there are a number of challenges associated
with assessing PD-L1 expression by IHC (12).

To overcome the aforementioned limitations, we have
focused on the immune checkpoint expression in circulating
peripheral blood. We have previously measured soluble forms
of PD-L1 (sPD-L1) and PD-1 (sPD-1) in the peripheral blood
of patients with non-small cell lung cancer (NSCLC), gastric
cancer and bladder cancer before treatment, as well as their
relationship with treatment response and prognosis in patients
treated with PD-1 blockade monotherapy. The results indicated
that the increase in sPD-1 and sPD-L1 levels was associated
with tumor size in patients with various types of cancer who
received anti-PD-1 antibody monotherapy (14,15). Therefore,
sPD-L1 and sPD-1 may be used as predictive and prognostic
biomarkers to identify primary responders to anti-PD-1
antibody treatment. Furthermore, we investigated the clinical

significance of pretreatment PD-L1 expression levels in periph-
eral blood mononuclear cell (PBMC) subsets such as CD3",
CD4*, CD8* and CD14" in patients with cancer treated with
anti-PD-1 antibody monotherapy, as in a previous study (16). In
the study, it was found that increased CD14* monocytes, which
express PD-L1, were significantly correlated with shorter
overall survival (OS) time, suggesting that PD-L1-expressing
monocytes may contribute to poor prognosis for patients with
cancer treated with anti-PD-1 antibody (16).

Monocytes are classified into three subsets according to
the expression levels of CD14 and CD16: Classical (CD14
high and CD16°), intermediate (CD14 high and CD16), and
non-classical (CD14 low and CD16%) (17,18). Monocytes play
key roles in tumor metastasis, invasion, angiogenesis and
immune regulation (19), and are thus associated with tumor
progression. Nevertheless, the role of each monocyte subset
in cancer prognosis remains unclear. Therefore, the present
study focused on the three subsets of monocytes, with PD-L1
and PD-1 expression analyzed in each subset, and their clinical
significance in patients treated with anti-PD-1 antibody
monotherapy was investigated. The current study assessed the
immune response in patients treated with anti-PD-1 antibody,
to identify biomarkers for the prediction of patient survival.
The cell population and immune-associated phenotypic
markers in peripheral blood samples collected from patients
with various types of cancer before anti-PD-1 antibody mono-
therapy were investigated.

Materials and methods

Patient population and treatment schedule. The current
study included patients with unresectable or metastatic
NSCLC, gastric cancer and esophageal cancer treated with
anti-PD-1 antibody monotherapy at the Division of Medical
Oncology, Department of Medicine, School of Medicine,
Showa University (Tokyo, Japan). All patients were treated
between January 2017 and January 2021 with an anti-PD-1
antibody; either 200 mg pembrolizumab given intravenously
every 3 weeks or 240 mg nivolumab given intravenously
every 2 weeks. Regimens were administered according to the
clinical routine and preference of the physician. A schematic
diagram of the schedule is shown in Fig. S1.

Assessment of treatment response. Radiologists and physicians
performed imaging assessments using computed tomography.
The responses to anti-PD-1 antibody were evaluated according
to the Response Evaluation Criteria in Solid Tumors version
1.1 (20). OS was defined as the time from the start of anti-PD-1
antibody treatment to either patient death from any cause or
last follow-up. Progression-free survival (PFS) was defined as
the time from the start of anti-PD-1 antibody treatment to the
first documented progressive disease, death from any cause
or the last follow-up, whichever occurred first. The follow-up
cutoff was August 2021.

Peripheral blood samples and PBMC stock preparation.
Peripheral blood samples were obtained from each patient
before the first administration of pembrolizumab or nivolumab,
and stored in BD Vacutainer CPT cell preparation tubes
containing sodium heparin (Becton, Dickinson and Company).
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The supernatant was separated by centrifugation at 1,600 x g
for 20 min at 20°C, and the pellet was first resuspended and
then washed in PBS. The separated PBMCs were stored in
BAMBANKER® (Lymphotec Inc.) at -80°C in liquid nitrogen.

Flow cytometry. PBMCs were stained immediately as previ-
ously described (14). For individual evaluation, a total of
1x107 PBMCs were resuspended in PBS containing 2% fetal
bovine serum (FBS) (Gibco; Thermo Fisher Scientific, Inc.),
incubated in human BD FC Block (cat. no. 564220; Becton,
Dickinson and Company) at 25°C for 10 min, stained with
7-AAD (cat. no. 559925; Becton, Dickinson and Company) at
4°C for 30 min to remove dead cells, PD-L1 phycoerythrin
(PE)-labeled antibody (cat. no. 557924; PE mouse anti-human
CD274) and PD-1 Brilliant Violet 480 (BV480)-labeled anti-
body (cat. no. 566112; BV480 mouse anti-human CD279),
and stored on ice for 30 min with anti-CD14 Brilliant Violet
650 (BV650)-labeled antibody (cat. no. 563419; mouse
anti-human CD14) and anti-CD16 FITC-conjugated antibody
(cat. no. 555406; mouse anti-human CD16), which centered on
staining CD14* and CD16* monocytes (all antibodies were used
as provided by Becton, Dickinson and Company). Thereafter,
the cell suspension was washed twice in PBS containing 2%
FBS, and the absorbance was detected at each wavelength
[FITC, 515-545 nm; PE (Blue Laser), 562-588 nm; 7-AAD,
685-735 nm; BV650, 655-685 nm; BV480, 425-475 nm;
PE-Cy7, 750-810 nm]. Flow cytometry was performed using
a BD LSRFortessa™ Cell Analyzer (Becton, Dickinson and
Company). The negative threshold strategies for gating were
set according to single-stained samples and isotype controls.
The data were analyzed using FlowJo (version 10.5.3; Becton,
Dickinson, and Company). The levels of CD14 were expressed
using ‘++ as a higher positive than ‘+.

IHC evaluation of PD-LI expression on tumor cells. Briefly,
formalin-fixed paraffin-embedded tissue samples with a thick-
ness of 5 ym were obtained from the biopsy specimens of the
patients. The specimens were fixed in 10% neutral buffered
formalin for 12-72 h. For companion diagnostics, the PD-L1
[HC 28-8 PharmaDX kit (cat. no. SK005; Dako; Agilent
Technologies, Inc.) for nivolumab and PD-L1 THC 22C3
PharmaDX kit (cat. no. SK006; Dako; Agilent Technologies,
Inc.) for pembrolizumab were used, according to the manu-
facturer's instructions on the appropriate automated staining
devices [Dako Link AS-48 (Dako; Agilent Technologies, Inc.)].
PD-L1 expression was assessed quantitatively as the TPS with
reference to previously conducted clinical trials (21,22).

IHC evaluation of CD68-stained area in tumor tissue. To
evaluate the infiltration of macrophages into the tumor tissue,
the tissue specimens were immunostained for CD68 using the
[HC-DAB method for the 31 patients whose tissue specimens
were available for analysis. Immunohistological analysis of
CD68 expression in cancer tissues was performed using an
automated immunostainer (Bond III; Leica Microsystems,
Ltd.) according to the manufacturer's protocol. Briefly, 3-ym
formalin-fixed paraffin-embedded tissue sections underwent
heat-mediated antigen retrieval using Bond epitope retrieval
solution 1 (Leica Microsystems, Ltd.) at 98°C for 10 min.
The sections were incubated with an anti-CD68 antibody

(clone E307V; 1:500 dilution; cat. no. 97778; Cell Signaling
Technology, Inc.) for 15 min at room temperature, and the
signal was detected using a horseradish peroxidase-conjugated
compact polymer system (BOND Polymer Refine Detection
kit; cat. no. DS9800; Leica Microsystems, Ltd.) and DAB as
the chromogen. The slides were incubated with Post Primary
reagent (adjusted by manufacturer) at room temperature
for 8 min, following which, the slides were incubated with
Polymer reagent (adjusted by manufacturer) as a secondary
antibody at room temperature for an additional 8 min.
Visualization with DAB was performed at room temperature
for 10 min. The sections were counterstained with hematox-
ylin and viewed under a bright-field fluorescence microscope.
Pathological reviewing of the CD68-stained tissue specimens
was conducted by two independent pathologists. The BZ-X800
microscope (Keyence Corporation) was used to semi-quantify
CD68* cells. Tumor tissues were observed with 4x magnifi-
cation and three representative fields of view were selected.
The mean value of the three areas occupied by CD68-stained
cells was calculated using the hybrid cell count function of
the all-in-one fluorescence microscope (BZ-X800; Keyence
Corporation), which can objectively quantify the stained area
in the immunostained sections (23).

Statistical analysis. Pearson correlation coefficients were
calculated to analyze the association among the variables.
Patient survival duration was assessed using the Kaplan-Meier
analysis and compared using the log-rank test. A cut-off
value was defined using the receiver operating characteristic
(ROC) curve for the Kaplan-Meier analysis. The comparison
of values between the two groups was conducted using the
Mann-Whitney U test. JMP® Pro (version 15.0; SAS Institute,
Inc.) and GraphPad Prism (version 9.4.1; Dotmatics) were used
for analyses. All tests performed on comparisons between the
two groups were two-sided. P<0.05 was considered to indicate
a statistically significant difference.

Results

Patient characteristics. The present study included 44 patients
with either gastric cancer, NSCLC or esophageal cancer, and
their characteristics are summarized in Tables I and II. The
histopathological types identified were adenocarcinoma for
gastric cancer and squamous cell carcinoma for esophageal
cancer. Regarding NSCLC, 12 patients had adenocarcinoma, 4
had squamous cell carcinoma and 1 had not otherwise speci-
fied lung cancer. A total of 2/17 patients with NSCLC were
positive for an EGFR mutation (Table SI). The Mann-Whitney
U test was performed to compare gene mutation status and
monocyte percentages. No association between gene mutation
status and monocyte percentages was observed (Fig. S2).

Flow cytometric analysis of each subset of peripheral
monocytes and their respective percentages. Monocytes in
human peripheral blood are heterogeneous and categorized
into three subsets based on their CD14 and CD16 expression
levels. In the present study, monocytes were gated according
to their size and granularity in forward and side scatter plots
using flow cytometry (Fig. 1). Classical monocytes expressed
high CDI14 but no CDI16 (CDI14** CD16°), intermediate
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Table I. Continued.

Number of prior ~ Radiation

ICI
administration

Overall survival,

therapy Progression-free

history

systemic therapy

Performance

months

survival, months

cycles regimens

ICI regimen

Age,years Cancer type  Stage status

Sex

Case no.

79
6.7

7.3

14

Nivolumab

v
v
v
v
v
v
v
v
v
v

GC

73
71

35
36
37
38
39
40
41

4.7

Nivolumab

GC

19

42
10.2

1.9
23

Nivolumab

GC

75
73
64
67
74
74
66
72

Nivolumab

EC
EC
EC
EC
EC
EC
EC

4.7

Nivolumab

32
2.2
9.0

9.1
103

2.1

Nivolumab

1.8
14
1.3

10.3

Nivolumab

Nivolumab

42

Nivolumab

43
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24

Nivolumab

44

M, male; F, female; ICI, immune checkpoint inhibitor; NSCLC, non-small cell lung carcinoma; GC, gastric cancer; EC, esophageal cancer.

monocytes expressed CD16 and high CD14 (CD14* CD16%),
and non-classical monocytes expressed CD16 but lower CD14
than intermediate monocytes (CD14* CD16*; Fig. 1). The
percentage of monocytes in each of the three subsets is shown
in Table SII. The percentages of classical, intermediate and
non-classical monocytes were 73.5,20.3 and 6.1%, respectively
(Fig. 2A), which is similar to previously reported results (18).

Correlation between each monocyte subset and survival
outcomes in patients with cancer receiving anti-PD-1 anti-
body monotherapy. In the whole patient cohort (n=44), higher
percentages of non-classical monocytes were statistically
correlated with longer OS (r=0.39; P=0.0083; Fig. 3A). By
contrast, a negative correlation was simultaneously obtained
for classical monocytes; higher percentages of classical mono-
cytes were significantly correlated with shorter OS (r=-0.32;
P=0.032; Fig. 3C). Additional analyses were performed sepa-
rately for each type of cancer. In patients with gastric cancer
(n=20) and esophageal cancer (n=7), no correlation was shown
between each monocyte subset and OS (Fig. 3D-F and J-L).
Focusing on patients with NSCLC (n=17), results demonstrated
the same trend in the monocyte populations as for the whole
patient cohort. However, a stronger correlation was observed
between classical monocytes of patients with NSCLC and
shorter OS (r=-0.53; P=0.028; Fig. 3I), whereas a higher
percentage of non-classical monocytes was significantly
related to longer OS (r=0.57; P=0.017; Fig. 3G). There was no
correlation between the intermediate monocyte subset and OS
(Fig. 3B, E, H and K). Statistical analysis was performed using
the same strategy for PFS. There were positive correlations
between non-classical monocyte subsets and PFS in the whole
patient cohort and patients with NSCLC (r=0.36; P=0.015;
Fig. 4A, and r=0.50; P=0.042; Fig. 4G, respectively). No
statistical correlation was observed between the other mono-
cyte subsets and PFS for any of the cancer types investigated
(Fig. 4B-F and H-L).

Flow cytometric analysis of each subset of peripheral mono-
cytes expressing the immune checkpoints (PD-LI and PD-1)
and their respective percentages. The expression of PD-L1 and
PD-1 in each monocyte subset was analyzed by flow cytometry.
The percentage of PD-L1-expressing cells in each monocyte
subset was investigated (Table SIII). In terms of the percentage
of monocytes that expressed PD-L1, classical monocytes were
the most common (26.6% of all monocytes), followed by
intermediate (10.0% of all monocytes) and non-classical mono-
cytes (2.1% of all monocytes; Fig. 2B). For those monocytes
expressing PD-L1, the classical monocyte subset expressing
PD-L1 accounted for a larger percentage compared with the
others. The percentage of PD-LI* intermediate or non-classical
monocytes was lower than that of PD-L1* classical monocytes.
Similarly, the percentage of monocytes expressing PD-1 within
each monocyte subset is listed in Table SIV. A total of <2% of
the sum of the three monocyte subsets expressed PD-1 (Fig. 2C),
indicating that the percentage of monocytes expressing PD-1
was lower than that of the monocytes expressing PD-L1.

Correlation between PD-LI-expressing monocytes and
survival outcomes in patients with cancer receiving
anti-PD-1 antibody monotherapy. Within the whole
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Table II. Summary of the clinicopathological features of all
patients (n=44).

Clinicopathological characteristics Total
Mean age + SD, years 69.1+7.22
Sex, n

Male 34

Female 10
Cancer type, n

Non-small cell lung cancer 17

Gastric cancer 20

Esophageal cancer 7
Performance status, n

0 2

1 29

2 12

3 1
Type of ICIs, n

Nivolumab 33

Pembrolizumab 11
Median no. of ICI administration cycles 10 (1-98)
(minimum-maximum)
Median progression-free survival time, 3.0(0.9-51.0)
months (minimum-maximum)
Median overall survival time, months 6.4 (14-534)

(minimum-maximum)

ICI, immune checkpoint inhibitor.

patient cohort (n=44) and the NSCLC cohort (n=17), posi-
tive correlations were observed between PD-L1-expressing
non-classical monocytes and OS (r=0.47; P=0.0012;
Fig. 5A, and r=0.60; P=0.010; Fig. 5G, respectively). By
contrast, higher percentages of PD-L1-expressing clas-
sical monocytes in the NSCLC cohort were statistically
correlated with shorter OS (r=-0.60; P=0.012; Fig. 5I). No
significant correlation was observed between each subset of
PD-L1-expressing monocytes and OS in the gastric cancer
group (n=20; Fig. 5D-F) and esophageal cancer group (n=7;
Fig. 5J-L). No correlation was observed between the PD-L1*
intermediate monocyte subset and OS (Fig. 5B, E, H and K).
Moreover, statistical analyses were performed using the
same strategy for PFS, and similar trends were obtained
as in the relationship between PD-L1-expressing mono-
cytes and OS. Within the whole patient cohort (n=44), and
particularly patients with NSCLC (n=17), a positive correla-
tion was observed between PD-LI-expressing non-classical
monocytes and PFS (r=0.48; P=0.0011; Fig. 6A, and r=0.58;
P=0.014; Fig. 6G, respectively). No significant correlation
between PD-LI1-expressing intermediate and classical mono-
cyte subsets and PFS was identified (Fig. 6B, C, E, F, H, I,
K and L). Regarding PD-L1-expressing classical monocytes,
higher PD-L1-expressing classical monocytes tended to
be correlated with shorter PFS times only in patients with
NSCLC (r=-0.48; P=0.051; Fig. 6]).

Correlation between PD-I-expressing monocytes and
survival outcomes in patients with cancer receiving anti-PD-1
antibody monotherapy. In the whole patient cohort (n=44),
no correlation was observed between any of the subsets of
PD-1-expressing monocytes and OS (Fig. S3A-C). For the
NSCLC cohort (n=17), both PD-1-expressing intermediate
and classical monocytes showed significant results; higher
percentages of PD-1-expressing monocytes were correlated
with a shorter OS (r=-0.53; P=0.029; Fig. S3H, and r=-0.41;
P=0.022; Fig. S3I, respectively). No statistically significant
correlations were found for the cohort of patients with either
gastric or esophageal cancer (Fig. S3D-F and J-L) or for the
PD-1* classical monocytes of the NSCLC cohort (Fig. S3G).
Similar analyses were also performed for PFS. There were no
correlations between any of the subsets of PD-1-expressing
monocytes and PFS (Fig. S4A-L).

Survival time analysis using the Kaplan-Meier method.
Survival analyses using the Kaplan-Meier method were addi-
tionally performed to determine the association between the
percentage of each monocyte subset and OS. A cut-off value
was defined using the ROC curve, and patients were divided
into two groups, namely ‘high’ and ‘low’, for each subset of
monocytes (Fig. SSA-I). The results of the survival time anal-
ysis showed that high percentages of classical monocytes were
associated with a shorter OS in the whole patient cohort and
in the cohort of patients with NSCLC (P=0.0015; Fig. S6C,
and P=0.037; Fig. S61, respectively), but no significant results
were obtained for patients with either gastric or esophageal
cancer (Fig. S6F and L). In addition, no significant findings
were observed for either the non-classical or intermediate
monocytes and OS (Fig. S6A, B, D, E, G, H,J and K). Survival
analysis was performed using the same methods for PD-L1-
and PD-1-expressing monocytes. Similarly, for the whole
patient cohort and patients with NSCLC, high percentages of
classical monocytes expressing PD-L1 were associated with
shorter OS compared with the low group (P=0.046; Fig. STC,
and P=0.0073; Fig. S7I), but no statistically significant differ-
ence was obtained for the PD-L1 expressing non-classical and
intermediate monocytes (Fig. S7A, B, D, E, G, H, J and K).
In addition, no significant difference in OS was observed
among the other cancer types compared with that of NSCLC
(Fig. STF and L). Regarding PD-1-expressing monocytes, high
percentages of classical monocytes expressing PD-1 were
associated with shorter OS compared with the low group for
patients with NSCLC (P=0.027; Fig. S8I). There were no other
statistically significant differences between the percentages of
PD-1-expressing monocytes and OS (Fig. S8A-H and J-L).

Correlation between PD-LI expression on tumor cells and
circulating monocytes. The present study aimed to deter-
mine whether there was a significant association between
PD-L1 expression on tumor cells and the percentage of
each PD-Ll-expressing monocyte subset in the tissues of
22 patients with either gastric cancer (n=6) or NSCLC (n=16),
in which PD-L1 expression of tumor cells was investigated in
routine clinical settings. PD-L1 expression was investigated
on tumor cell membranes using THC, in addition to detecting
the percentages of PD-L1-expressing monocyte subsets by
flow cytometry (Table SIII). A representative image of PD-L1
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PD-L1, programmed death-ligand 1.

expression analyzed using IHC is shown in Fig. S9. The results
showed no significant correlation between immunohistochem-
ical PD-L1 expression on tumor cells and the percentage of
either circulating, PD-L1-expressing non-classical or interme-
diate monocyte subsets (Fig. 7A and B). By contrast, a positive
correlation was observed between PD-L1 expression on tumor
cells and the percentage of PD-L1-expressing classical mono-
cytes in 22 patients (r=0.54; P=0.009; Fig. 7C).

Correlation between PD-LI-expressing monocytes and
survival outcome in patients with NSCLC with high PD-LI
expression on tumor cells. NSCLC is known as a cancer
type in which high PD-L1 expression on tumor cells is used
as a predictive biomarker for therapeutic response (21,22);

therefore the present study focused on patients with NSCLC
(n=16). The Kaplan-Meier method was used to assess the rela-
tionship between PD-L1 expression on tumor cells (TPS), and
OS and PFS in the high and low PD-L1 expression groups with
PD-L1 cutoffs of 50% (Fig. 8A and B) and 1% (Fig. 81 and J).
These cut-off values are generally applied in clinical settings
for predicting the efficacy of anti-PD-1 antibodies in treating
patients with NSCLC (21,22). The patients with high PD-L1
(TPS) =50% had a more favorable OS than the low PD-L1
expression group (P=0.0286; Fig. 8A); however, no significant
results were obtained using a cut-off value of 1% for PD-L1
expression (P=0.870; Fig. 8I) by Kaplan-Meier survival
analysis. No significant association between PD-L1 (TPS) and
PFS was found in either group (P=0.139; Fig. 8B, and P=0.682;
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Figure 3. Correlation between each monocyte subset and OS. Graphs show the association between OS and the percentage of (A) non-classical, (B) interme-
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Fig. 8J). Furthermore, patients with high PD-L1 expression, the percentage of each PD-L1-expressing monocyte subset
including those with PD-L1 (TPS) =50% (n=10; Fig. 8C-H) or  and OS and PFS was investigated. In patients with NSCLC
PD-L1 (TPS) =1% (n=13; Fig. 8K-P) were selected. The focus =~ whose PD-L1 (TPS) was =50%, there was an inverse correla-
was on the high PD-L1 group, and the association between tion between PD-LI-expressing classical monocytes and OS
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Figure 4. Correlation between each monocyte subset and PFS. Graphs show the association between PFS and the percentage of (A) non-classical, (B) inter-
mediate and (C) classical in the whole patient cohort (n=44); PFS and the percentage of (D) non-classical, (E) intermediate and (F) classical monocytes in the
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(r=-0.68; P=0.030; Fig. 8E), but not between non-classical and  and PFS (r=0.63; P=0.022; Fig. 8K, and r=0.60; P=0.029;
intermediate monocyte subsets (Fig. 8C and D). Meanwhile, Fig. 8N). Conversely, higher PD-L1-expressing classical
regarding PD-L1 (TPS) =1%, PD-L1-expressing non-classical ~monocytes were significantly correlated with poorer OS
monocytes showed a clear positive correlation with both OS  and PFS (r=-0.68; P=0.010; Fig. 8M, and r=-0.58; P=0.036;
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Figure 5. Correlation between each monocyte subset expressing PD-L1 and OS. Graphs showing the association between OS and the percentage of (A) PD-L1*
non-classical, (B) PD-L1* intermediate and (C) PD-L1* classical monocytes in the whole patient cohort (n=44); OS and the percentage of (D) PD-L1* non-clas-
sical, (E) PD-LI* intermediate, (F) PD-L1* classical monocytes in the gastric cancer cohort (n=20); OS and the percentage of (G) PD-LI1* non-classical,
(H) PD-L1" intermediate and (I) PD-L1* classical monocytes in the NSCLC cohort (n=17); and OS and the (J) percentage of PD-L1* non-classical, (K) interme-
diate and (L) classical monocytes in the esophageal cancer cohort (n=7). Each dot represents a sample from each patient cohort. "P<0.05. OS, overall survival;
PD-L1, programmed death-ligand 1; NSCLC, non-small cell lung cancer.

Fig. 8P). There was no correlation between PD-L1-expressing
intermediate monocytes and either PFS or OS (Fig. 8L and O).
PD-L1 expression on tumor cells (TPS) alone is likely inad-
equate as a biomarker for predicting therapeutic efficacy,
especially when the PD-L1 cut-off value is 1% (TPS). In

light of these results, it was hypothesized that focusing on
the PD-L1-expressing circulating monocytes in peripheral
blood, in addition to PD-L1 expression on tumor cells (TPS),
might improve its usefulness as a predictive and prognostic
biomarker.
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Figure 6. Correlation between each monocyte subset expressing PD-L1 and PFS. Graphs showing the association between PFS and the percentage of
(A) PD-L1* non-classical, (B) PD-L1* intermediate and (C) PD-L1* classical monocytes in the whole patient cohort (n=44); PFS and the percentage of
(D) PD-LI1* non-classical, (E) PD-L1* intermediate and (F) PD-L1* classical monocytes in the gastric cancer cohort (n=20); PFS and the percentage of
(G) PD-L1* non-classical, (H) PD-L1* intermediate and (I) PD-LI* classical monocytes in the NSCLC cohort (n=17); and PFS and the percentage of (J) PD-L1*
non-classical, (K) intermediate and (L) classical monocytes in the esophageal cancer cohort (n=7). Each dot represents a sample from each patient cohort.
“P<0.05. PFS, progression-free survival; PD-L1, programmed death-ligand 1; NSCLC, non-small cell lung cancer.

Correlation between CD68* cells and survival outcome in  Representative images of CD68 immunostaining and
patients with cancer. The CD68-stained area was calculated = CDG68-stained areas assessed using the hybrid cell count func-
using the hybrid cell count software function (Table SV), tion are shown in Fig. 9A-D. The stained area of CD68* cells
and the correlation with survival duration was investigated. ~ was statistically correlated with longer PFS and OS in the
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Figure 7. Correlation between PD-L1 expression levels on the tumor membrane and the percentage of PD-L1-expressing monocytes in each subset. Investigation
of the relationship between PD-L1 expression on tumor cells and the percentage of monocytes expressing PD-L1 for 22 patients, some with gastric cancer (n=6)
and others with non-small cell lung cancer (n=16), using IHC. The PD-L1 expression levels on tumor cells were measured using IHC and were compared with
the percentage of PD-L1-expressing (A) non-classical, (B) intermediate and (C) classical monocytes detected using flow cytometry. “P<0.05. IHC, immunohis-

tochemistry; FCM, flow cytometry; PD-L1, programmed death-ligand 1.

whole patient cohort (n=31; r=0.4557; P=0.010; Fig. 9E, and
r=0.3857; P=0.032; Fig. 9F). Therefore, macrophages in tumor
tissues may have a favorable effect on therapeutic efficacy and
prognosis. Furthermore, the association between CD68-stained
cells and percentages of non-classical, intermediate and clas-
sical monocytes was analyzed. No statistical correlations were
observed between the CD68* area and monocyte percentage
of each subset with or without expression of PD-L1 and PD-1
(Fig. S10).

Discussion

The present study demonstrated that higher percentages of
classical monocytes were associated with shorter OS. By
contrast, higher percentages of non-classical monocytes were
significantly associated with longer OS, particularly in the
cohort of patients with NSCLC. For non-classical monocytes,
similar statistically significant results were also obtained for
PFS. Namely, the percentage of each subset of monocytes,
especially the relative balance between non-classical and
classical monocytes, was suggested to be an essential factor
for predicting prognosis and therapeutic efficacy of anti-PD-1
antibodies.

Monocytes in human peripheral circulating blood play a
key role in cancer pathophysiology and progression, including
tumor angiogenesis, invasion, metastasis and immune regu-
lation (24,25). Moreover, each subset of monocytes plays a
specific role in tumor growth (26). This is thought to be due
to monocytes presenting pro- and antitumor immunity, such
as the secretion of mediators, promotion of angiogenesis,
recruitment of lymphocytes and differentiation into macro-
phages (25). Monocytes are heterologous and are classified
into three different subsets primarily based on the expression
levels of markers within the cluster of differentiation, CD14
and CD16. The percentage of each subset of monocytes has
been reported as follows: Classical (~85%), intermediate (~5%)
and non-classical (~10% of the monocyte population) (17,18).
The current study showed a similar trend in terms of the
highest percentages of the classical monocyte subset. The

study showed that the percentages of intermediate monocytes
were higher than those of non-classical monocytes. Most
monocytes that express CD14, but not CD16, on their surface
correspond to classical monocytes that mediate inflammatory
responses and differentiate into various macrophages that can
inhibit immune responses (27,28). Moreover, classical mono-
cytes are collected at tumor sites that contribute to macrophage
capacity, and promote tumor development and metastasis (29).
Human circulating monocytes in peripheral blood migrate into
the tumor tissue and are differentiated into tumor-associated
macrophages, which are polarized into classically activated
macrophages (M1) and alternatively activated macrophages
(M2) (30,31). M1 macrophages have an antitumor role, whereas
M2 macrophages have a tumor-promoting role (32). It remains
unclear whether the main monocytes that differentiate into M2
macrophages with tumor-promoting functions are classical or
non-classical monocytes (33). It is possible that the classical
monocytes present in the plasma prior to anti-PD-1 antibody
administration mobilize to the tumor site as M2 macrophages
and function in a tumor-promoting manner, thereby explaining
the positive correlation between the percentage of classical
monocytes and shorter OS observed in the present study. By
contrast, non-classical monocytes are involved in complement
and Fc y-mediated phagocytosis. They also have functions
such as tumor cytotoxicity, natural killer cell recruitment,
adhesion and inhibition of regulatory T cells (25), which may
be involved in favorable cancer prognosis, as suggested by the
results of the present study. In addition, IHC of CD68-stained
cells was performed to evaluate the infiltration of macrophages
into tumor tissues. As monocyte subsets in the peripheral
blood were not associated with macrophages in the tumor
tissue analyzed by IHC, the results suggested the possibility
that circulating monocytes and macrophages in the tumor
tissue could be independent factors. Macrophages that are
present in tumor tissues do not originate only from monocytes
in the peripheral blood, and the existence of tissue-resident
macrophages originating from the yolk sac during the fetal
period has been reported (34). Macrophages in tumor tissues
are generally considered to have a tumor-promoting function.
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Figure 8. Kaplan-Meier curve and correlation analysis to evaluate the association between PD-L1-expressing monocyte subsets, PD-L1 expression on
tumor cells (TPS) and survival duration. Kaplan-Meier analysis of the relationship between PD-L1 expression on tumor cells (TPS) and (A and I) OS and
(B and J) PFS. Patients with non-small cell lung carcinoma (n=16) were separated into high and low PD-L1 expression groups with PD-L1 cutoffs of either
(A and B) <50% or =50%, or (I and J) <1% or =1%. Patients with NSCLC were split into high and low PD-L1 expression groups with PD-LI cutoffs of either
=50 or =1%. Patients with high PD-L1 (TPS) =50% (n=10 in C-H) and PD-L1 (TPS) =1% (n=13 in K-P) were selected to analyze the association between the
percentage of each monocyte subset expressing PD-L1 and OS and PFS. Correlation between (C) PD-LI* non-classical monocytes, (D) PD-L1* intermediate
monocytes and (E) PD-L1* classical monocytes, and OS was analyzed in patients with PD-L1 expression =50%. Correlation between (F) PD-L1* non-classical
monocytes, (G) PD-L1* intermediate monocytes and (H) PD-L1* classical monocytes, and PFS was analyzed in patients with PD-L1 expression =50%.
A similar analysis was conducted with a cutoff value of 1% of PD-L1 expression. Correlation between (K) PD-L1* non-classical monocytes, (L) PD-L1*
intermediate monocytes and (M) PD-L1* classical monocytes, and OS were analyzed in patients with PD-L1 expression =1%. Correlation between (N) PD-L1*
non-classical monocytes, (O) PD-L1* intermediate monocytes and (P) PD-L1* classical monocytes, and PFS was analyzed in patients with PD-L1 expression
>1%. Red line, high level; blue line, low level. "P<0.05. PD-L1, programmed death-ligand 1; OS, overall survival; PFS, progression-free survival; TPS, tumor
proportion score; NSCLC, non-small cell lung cancer.
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Figure 9. Immunohistochemistry analysis of CD68* cells and correlation between CD68-stained area and survival outcome in patients with cancer. To evaluate the
infiltration of macrophages into the tumor tissue, tissue specimens were immunostained for CD68 in 31 patients from the patient cohort. (A and B) Representative
images of CD68 immunostaining of (A) case no. 7 and (B) case no. 3, both of which are cases of patients with NSCLC. (C and D) Representative images of
(C) case no. 7 and (D) case no. 3 showing the CD68-stained areas using the hybrid cell count function. Pearson correlation coefficient was performed to analyze
the correlation between the CD68-stained area, and (E) OS and (F) PFS. "P<0.05. Scale bar; 500 ym. PFS, progression-free survival, OS, overall survival.

However, the present study indicated that macrophages in the
tumor tissue may have a favorable effect on therapeutic efficacy
and prognosis. Tumor-associated macrophages are thought to
change between antitumor and tumor-promoting roles during

tumor development and proliferation (35). In future studies,
subsets of macrophages will be analyzed and their relationship
to ICI treatment and monocyte subsets in the peripheral blood
will be further investigated.
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To date, numerous studies have focused on bone
marrow-derived suppressor-like cells (MDSCs) (36-38).
MDSCs are myeloid immune cells that are more immature
than monocytes and are highly immunosuppressive, exerting
negative effects not only on the tumor microenvironment
but also on the tumor immune system of the patient as a
whole (39). The immunosuppressive function of MDSCs has
been implicated in resistance to ICI treatment. Monocytic
MDSCs (M-MDSCs) have been reported to be involved in
the resistance to ICI treatment via TGF-f and IL-6 (40,41).
This finding supports the role of some immunosuppressive
cytokines in mediating the negative effects of M-MDSCs on
the antitumor immune response. M-MDSCs are abundant in
the tumor microenvironment, where they rapidly differen-
tiate into tumor-associated macrophages. Broute er al (42)
showed that high M-MDSC levels are strongly associated with
primary resistance to immunotherapy. However, a previous
study reported controversial results (43), in which patients who
responded to anti-PD-1 antibodies had higher pretreatment
MDSC levels. There is no robust evidence that M-MDSCs
are associated with resistance to ICI treatment. The current
exploratory study focused on monocytes. The mechanism of
tolerance to ICI through a series of immune cells, including
MDSCs, monocytes and macrophages, should be systemati-
cally investigated in future studies.

Previous studies have shown that high circulating monocyte
levels are associated with worse prognosis in several cancer
types, such as prostate, hepatocellular cervical, pancreatic and
gastric cancer (27,44-48). Additionally, it has been shown that
higher pretreatment absolute monocyte counts are associated
with a shorter response time in patients with NSCLC who
responded to ICI therapies, underscoring the impact of mono-
cytes on predicting the efficacy of ICI (49). Further studies
investigating the association between the efficacy of ICIs and
monocytes with PD-L1 expression have reported that higher
pretreatment PD-L1-expressing monocytes are associated
with worse clinical outcomes for ICI treatment (16,50-52).
However, data on the relationship between the efficacy of
ICI, focusing on each monocyte subset expressing immune
checkpoints such as PD-1 and PD-L1, remain limited (46).
The current study is one of the few valuable reports (53,54),
examining the relationship between each monocyte subset
and immune checkpoints expressed on monocytes. It was
demonstrated that higher percentages of pretreatment classical
monocytes expressing PD-L1 were correlated with shorter OS,
whereas non-classical monocytes were correlated with favor-
able survival, especially in patients with NSCLC. In patients
with hepatocellular carcinoma, Jeon et al (53) reported that
PD-L1* classical monocyte percentages were elevated after
1 week of anti-PD-1 antibody therapy and were associated
with a non-durable clinical benefit. Meanwhile, it is not clear
why high PD-L1 expression on monocytes, especially on
classical monocytes, is associated with poor prognosis. It has
been suggested that either IL-6 or IL-10 can contribute to a
numerical increase in PD-L1* classical monocytes early after
anti-PD-1 therapy (53). Moreover, hypoxia has been reported
to increase surface PD-L1 expression on a variety of immune
cells, namely MDSCs, macrophages and antigen-presenting
dendritic cells, and tumor cells (55). Hypoxia has also been
shown to play a role in tumor aggressiveness (56); therefore,

hypoxia may influence PD-L1 expression on monocytes in
aggressive tumors. The origin and role of PD-L1-expressing
monocytes and their association with prognosis or treatment
efficacy remain to be elucidated. Furthermore, the association
between PD-1 molecules and therapeutic efficacy of anti-PD-1
antibody remains to be determined. The present study demon-
strated that PD-1 expression on monocytes was much lower
than that of PD-L1. It was hypothesized that PD-L1, but not
PD-1, may have a more essential role in the expression of
immune checkpoints in monocytes.

In some cancer types, high PD-L1 expression on tumor
cells has been used as a predictive biomarker for the thera-
peutic efficacy of PD-1 blockade therapy, especially in lung
cancer (21,22), and PD-L1 expression levels in tumor cells have
been used as a companion diagnosis to determine the indica-
tion of anti-PD-1 antibodies. However, PD-L1 expression in
tumor cells is not a perfect biomarker as there are some cases
in which anti-PD-1 antibody therapy does not respond even
when PD-L1 expression in tumor cells is high as shown by
THC (57). In the present study, high or low PD-L1 expression in
tumor cells did not have a significant association with PFS in
patients with NSCLC. Moreover, patients with NSCLC whose
PD-L1 (TPS) was =1%, had notably positive correlations
between the PD-L1-expressing non-classical monocytes and
both OS and PFS. Contrary to this, higher PD-LI-expressing
classical monocytes were significantly correlated with poorer
OS and PFS. PD-L1 expression on tumor cells (TPS) alone is
possibly insufficient as a biomarker for predicting complete
therapeutic efficacy, especially in positive cases with a PD-L1
cut-off value of =1%. In light of these results, it was hypoth-
esized that focusing on the circulating monocyte subsets in
peripheral blood that express PD-L1, in addition to the PD-L1
expression on tumor cells (TPS), may improve its usefulness
as a predictive and prognostic biomarker.

No association was observed between genetic alterations
(EGFR, ALK, ROSI1 and BRAF mutations) and monocyte
percentages in the present study. To date, to the best of our
knowledge, no studies have focused on the relationship between
genetic mutations and monocyte levels in lung cancer, and this
will be one of the subjects of future research.

Regarding statistical methodology, two methods were
used for analysis: The Pearson correlation coefficient was
used to evaluate linear correlation, and the Kaplan-Meier
method with cut-off values defined by a ROC curve analysis
to compare survival time at high and low levels for each
monocyte subset. The results were similar between the two
types of methods. Although similar trends were shown in
part of the analysis, there were some results that were not
consistent. Comparison of two different statistical methods
for the overall population of the monocyte subset significantly
showed that high percentages of classical monocytes were
associated with shorter OS in the whole patient cohort and
patients with NSCLC by both methods of statistical analysis.
On the other hand, the Kaplan-Meier analysis did not show
that non-classical monocytes were associated with a better
prognosis, as indicated by the correlation analysis. Similarly,
in the analysis of PD-L1-expressing monocyte subsets, clas-
sical monocytes expressing PD-L1 were similarly significant
in both analyses, but not PD-L1* non-classical monocytes.
For the whole patient cohort, high percentages of classical
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monocytes expressing PD-L1 were associated with favorable
OS only using Kaplan-Meier analysis. Furthermore, both
analysis methods for PD-1* monocytes showed that clas-
sical monocytes expressing PD-1 in patients with NSCLC
were associated with a shorter OS time, but the other
results regarding intermediate and non-classical monocytes
expressing PD-1 were not significantly different in patients
with NSCLC. Briefly, the two statistical methods showed
similar results with statistical significance for particularly
classical monocyte subsets. Since no clear standards to define
the cut-off values of high and low monocytes have previously
been reported, there are limitations in interpreting the anal-
ysis results using the Kaplan-Meier method. In the present
study, it was hypothesized that the correlation analysis using
the Pearson correlation method is the more principal result.
Regarding Kaplan-Meier analyses for patients with esopha-
geal cancer, when the patients were divided into two groups,
‘high’ and ‘low’ groups, exactly the same number of patients
were classified into both groups. Therefore, in some cases,
the Kaplan-Meier curves and the analysis results completely
matched. These issues were due to the small number of
patients with esophageal cancer.

There are several notable limitations in the present study.
The patient population was heterogeneous and small, including
three cancer types: Lung, gastric and esophageal cancer. Also,
there was no single histological type for patients with lung
cancer. Future studies should unify the line of ICI adminis-
tration. In the current study, the focus was on patients who
were treated with anti-PD-1 antibody monotherapy. Selecting
patients treated with monotherapy enabled the direct exami-
nation of the relationship between anti-PD-1 antibodies and
monocytes, and excluded the influence of concomitant agents.
Of note, the number of patients who met the eligibility criteria
could not be increased due to the increasing use of combination
therapy. Additionally, the analysis of gastric and esophageal
cancer did not yield results similar to those of NSCLC.
Individual cancer types were analyzed and cross-sectional data
across all cancer types were compiled because ICIs are used
across different cancer types. Due to limited blood samples
from patients in the current study, the dynamic changes in each
monocyte subset before and after anti-PD-1 treatment could
not be analyzed. In addition, experiments could not be carried
out to explore molecular mechanisms. Prospective trials and
elucidation of molecular mechanisms are required to resolve
these limitations.

In conclusion, despite the shortcomings associated with
the heterogeneity of the patient cohort, higher percentages
of classical monocytes were associated with shorter OS. In
comparison, higher percentages of non-classical monocytes
were significantly associated with longer OS, particularly in
patients with NSCLC. For non-classical monocytes, similar
significant results were also obtained for PFS. Moreover,
focusing on PD-L1 expression in monocytes, a higher
percentage of classical monocytes expressed PD-L1 than
intermediate and non-classical monocytes. The analysis of
immune checkpoints on monocytes, especially in NSCLC,
revealed that classical monocytes expressing PD-L1 at a
high level were correlated with a shorter OS. By contrast, a
positive correlation between PD-L1-expressing non-classical
monocytes, and longer OS and PFS was observed. Classical

and non-classical monocytes, especially PD-L1-expressing
monocytes, are potential candidate biomarkers for predicting
prognosis in patients treated with ICIs and treatment response.
PD-L1 expression on monocytes is superior because it can be
measured in circulating peripheral blood. Further studies are
warranted to resolve some of the limitations of the present
study.
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