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OX40 and LAG3 are associated with better prognosis in
advanced gastric cancer patients treated with anti-programmed
death-1 antibody
Hirofumi Ohmura1, Kyoko Yamaguchi1, Fumiyasu Hanamura1, Mamoru Ito1, Akitaka Makiyama2, Keita Uchino3, Hozumi Shimokawa4,
Shingo Tamura4, Taito Esaki5, Kenji Mitsugi6, Yoshihiro Shibata7, Hisanobu Oda8, Kenji Tsuchihashi1, Hiroshi Ariyama1, Hitoshi Kusaba9,
Yoshinao Oda10, Koichi Akashi1 and Eishi Baba11

BACKGROUND: Anti-PD-1 monoclonal antibody, nivolumab, has shown efficacy for advanced gastric cancer (AGC). However, the
specific immune cell subsets predominantly activated during the period of anti-PD-1 therapy for AGC have not been clarified.
METHODS: Peripheral blood of 30 AGC patients treated with nivolumab was prospectively obtained before the initial and second
administrations and at the time of progressive disease (PD). The proportions of immune cell subsets and the serum concentrations
of cytokines were systematically analysed by flow cytometry. Associations of subsets and serum cytokines with therapeutic effects
were evaluated.
RESULTS: After the initial administration, significant increases in activated central/effector memory, activated effector T cells, and
activated T-helper 1 subsets were observed. At the time of PD, activated regulatory T cells, LAG3-positive CD4+/CD8+ T cells, and
TIM3-positive CD4+/CD8+ T cells increased significantly. Significant positive correlations were shown between progression-free
survival and proportions of LAG3-positive CD4+/CD8+ T cells and of OX40-positive CD4+/CD8+ T cells (log-rank p= 0.0008,
0.0003, 0.0035 and 0.0040).
CONCLUSIONS: Nivolumab therapy enhances activation of central/effector memory and effector subsets of CD4+/CD8+ T cells.
The expression levels of LAG-3 and OX40 on T cells correlated with the efficacy of nivolumab therapy and could be reasonable
biomarkers for anti-PD-1 therapy.
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BACKGROUND
Gastric cancer is one of the most common malignancies and is the
third leading cause of cancer-related death in the world.1 For
patients with advanced and recurrent disease, platinum and
fluoropyrimidine-based systemic chemotherapy is recommended
as first-line treatment.2 For patients with disease refractory to first-
line treatment, the following agents are selected for second-line
treatment: paclitaxel, docetaxel, irinotecan, anti-vascular endothe-
lial growth factor receptor 2 (VEGFR-2) antibody ramucirumab
monotherapy, or ramucirumab plus paclitaxel.3–6 Nivolumab, a
fully human anti-programmed death-1 (PD-1) monoclonal anti-
body, demonstrated a significant survival benefit for advanced or
metastatic gastric cancer (AGC) previously treated with two or
more chemotherapy regimens.7 PD-1 is the type I membrane
glycoprotein expressed on the surface of T cells, B cells, and
natural killer (NK) cells.8,9 The expression of PD-1 on T cells is

promoted by T cell-activation induced via antigen presentation.
Under the condition of continuous T cell-activation, including
chronic infection or malignancies, PD-1 is strongly expressed on
exhausted T cells. Exhausted T cells are characterised by the loss of
function of cytokine production or cytotoxic activity.10 T cells
receive an inhibitory signal after binding of PD-1 and the ligands
PD-L1 or PD-L2, expressed on antigen-presenting cells (APCs) and
tumour cells, resulting in the suppression of proliferation, cytokine
production, and cytotoxic activity. Anti-PD-1 antibody is thought
to activate tumour-specific T cells by interfering with the ligation
of PD-1 on tumour-specific T cells and PD-L1/L2 on tumour cells in
both priming and effector phases.11 Thus, it has been suggested
that anti-PD-1 therapy modulates systemic host-immune reactions
and exerts an anti-tumour effect. In fact, human anti-PD-1
antibody has shown efficacy in the treatment of malignancies
derived from various organs, including malignant melanoma,
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non-small cell lung cancer, renal cell carcinoma, Hodgkin’s
lymphoma, head and neck cancer, and gastric cancer.12–17

However, the median overall survival time of AGC patients who
received anti-PD-1 therapy in the previous study was around
5 months, and their prognosis remains poor.
Anti-PD-1 antibody is thought to activate tumour-specific T cells

by interfering with the ligation of PD-1 expressed on tumour-
specific T cells and PD-L1/L2 on tumour cells. Thus, PD-1-
expressing T cells in the tumour site have been thought to be
the main target of PD-1 blockade.18 In addition, PD-1-expressing
T cells are observed not only in secondary lymphoid organs, but
also in peripheral blood. T cells are activated through antigen
presentation by APCs, and they then express PD-1.19 Therefore,
anti-PD-1 therapy may contribute to anti-tumour effects both
directly and indirectly by inhibiting regulatory signalling in not
only PD-1-expressing T cells in the tumour site, but also in PD-1-
expressing T cells in the secondary lymphoid organs and
peripheral blood. Patients who received anti-PD-1 therapy were
divided into two groups: those who obtained a therapeutic effect,
and they consist of the tail-plateau part in the Kaplan–Meier curve;
and those who showed a poor therapeutic effect. Moreover, the
effects of anti-PD-1 therapy on T cell subsets other than T cells in
the tumour site and the subsequent impact on the systemic
immune system have not yet been elucidated in AGC patients.
Thus, with the peripheral blood obtained from patients before and
after anti-PD-1 therapy, systemic immune cell subsets playing a
main role in the anti-tumour effect and ones changing in
responders or poor responders were examined.
In the present study, the specific subsets of immune cells

predominantly activated and the changes in serum cytokine levels
during the period of anti-PD-1 therapy for AGC were analysed,
referencing standardised assays from the Human Immunology
Project20 and our previous study of anti-PD-1 therapy for
malignant melanoma.21 In addition to these studies, the expres-
sions of exhaustion markers and costimulatory molecules were
evaluated. Some of these molecules have recently been the
targets of immunotherapy, and several clinical trials are ongoing.
These molecules were also evaluated in order to identify cell
populations that have the potential to show anti-tumour effects
with anti-PD-1 therapy. Based on our previous small cohort
study,22 more eligible cases were registered, and analysis of
immune cell subsets, quantification of cytokine and immunohis-
tological study were performed in this study.

METHODS
Patients
A total of 30 patients with AGC who were scheduled to receive the
anti-PD-1 antibody nivolumab from November 2017 to December
2018 at participating institutions were registered. Eligible patients
were aged 20 years or older and had histologically confirmed
adenocarcinoma of the stomach or gastro-oesophageal junction
that was metastatic or locally advanced but unresectable.
Nivolumab (3 mg/kg) was administered intravenously every
2 weeks, and it was continued until PD by investigator assessment,
intolerable adverse events, refusal by the patient, or investigator
decision to withdraw treatment. Tumour responses were assessed
by the investigator by physical examination, diagnostic imaging
(computed tomography or magnetic resonance imaging), and
gastrointestinal endoscopy, according to the response evaluation
criteria in solid tumours (RECIST) version 1.1.23 CT and other
diagnostic imaging were performed by the attending physician
based on the clinical practice; thus, the CT evaluation period was
not clearly defined. Adverse events were assessed by the National
Cancer Institute Common Terminology Criteria for Adverse Events
version 4.0.24 The medical information of each patient, including
age, sex, Eastern Cooperative Oncology Group (ECOG) perfor-
mance status (PS), human epidermal growth factor receptor 2

(HER2) status, previous systemic treatments, total cycles of anti-
PD-1 therapy, and survival time, was examined using electronic
medical records. HER2 status was defined as positive (immuno-
histochemistry score 3+, or immunohistochemistry score 2+ and
fluorescence in situ hybridisation-positive) based on the staining
patterns of surgical or biopsy specimens.
This study was approved by the ethics committees of all

participating institutions and was performed according to the
guidelines for biomedical research specified in the Declaration of
Helsinki. Written, informed consent was obtained from each
patient participating in this study.

Peripheral blood immune cells and serum
Peripheral blood was collected using acid citrate dextrose
solution-added blood collection tubes (8.5 mL) and serum-
separating tubes (8 mL) from each patient before the initial and
second administrations of nivolumab and at the time of PD.
Peripheral blood mononuclear cells (PBMCs) were separated by
gradient centrifugation of acid citrate dextrose solution-added
blood collection tubes with Ficoll (Ficoll-Paque PLUS, GE
Healthcare, Little Chalfont, UK), washed with PBS containing 2%
FBS and 1mM EDTA (FACS buffer), and then the cells were
resuspended in FACS buffer on ice for subsequent flow cytometry.
Otherwise, separated PBMSs were cryopreserved at −80 °C. Whole
blood in serum-separating tubes was left to allow clotting at room
temperature for 30min. Clot was then removed by centrifuging at
1000×g for 10 min at 4 °C to separate serum.

Flow cytometry
As described previously,21 a total of 5 × 105 PBMCs resuspended in
50 μL FACS buffer were incubated with fluorophore-conjugated
antibodies at a final concentration of 1–5 μg/mL in the dark for
20min on ice. The cells were then washed twice with FACS buffer,
resuspended in 200 μL FACS buffer, and analysed. Flow cytometry
was performed using FACSAria III (BD Bioscience, Tokyo, Japan).
The data of flow cytometry were exported as FCS files and
analysed with FlowJo version 9 (Tomy Digital Biology, Tokyo,
Japan). The 10 panels of fluorophore-conjugated monoclonal
antibodies for immunophenotyping are listed as follows: panel 1
(for the detection of naïve/memory/effector T cells and activated T
cell phenotypes), FITC-CCR7/CD197 (G043H7, BioLegend, San
Diego, CA, USA), PE-CD38 (HB-7, BioLegend), PE-Cy7-CD3 (HIT3a,
BioLegend), APC-CD8 (SK1, BioLegend), APC-Cy7-CD45RA (HI100,
BioLegend), BV421-HLA-DR (L243, BioLegend) and BV510-CD4
(OKT4, BioLegend); panel 2 (for the detection of regulatory
T cells; Tregs), FITC-CD45RO (UCHL1, BioLegend), PE-CD127
(A019D5, BioLegend), PerCP-Cy5.5-CD8 (SK1, BioLegend), PerCP-
Cy5.5-CD14 (63D3, BioLegend), PE-Cy7-CCR4/CD194 (L291H4,
BioLegend), APC-CD25 (BC96, BioLegend), BV421-HLA-DR (L243,
BioLegend), APC-Cy7-CD3 (OKT3, BioLegend), and BV510-CD4
(OKT4, BioLegend); panel 3 (for the detection of activated
phenotypes of Th and Tfh cells), FITC-CD3 (HIT3a, BioLegend), PE-
CD38 (HB-7, BioLegend), PE-Cy7-CCR6/CD196 (G034E3, BioLegend),
APC-CXCR3/CD183 (G025H7, BioLegend), APC-Cy7-CD8 (SK1, Bio-
Legend), BV421-HLA-DR (L243, BioLegend), and BV510-CD4
(A161A1, BioLegend); panel 4 (for the detection of B cells), FITC-
IgD (IA6-2, BioLegend), PE-CD24 (ML5, BioLegend), PerCP-Cy5.5-
CD14 (63D3, BioLegend), PE-Cy7-CD20 (2H7, BioLegend), APC-
CD27 (M-T271, BioLegend), APC-Cy7-CD3 (HIT3a, BioLegend),
BV421-CD19 (HIB19, BioLegend), and BV510-CD38 (HB-7, BioLe-
gend); panel 5 (for the detection of NK cells, dendritic cells (DCs),
and monocytes), FITC-CD11c (3.9, BioLegend), PE-HLA-DR (L243,
BioLegend), PerCP-Cy5.5-CD3 (HIT3a, BioLegend), PE-Cy7-CD123
(6H6, BioLegend), APC-CD19 (HIB19, BioLegend), APC-Cy7-CD16
(3G8, BioLegend), BV421-CD56 (NCAM16.2, BD), and BV510-CD14
(63D3, BioLegend); panel 6 (for the detection of Th cells and Tfh
cells), FITC-CCR7/CD197 (G043H7, BD BioLegend), PE-PD1/CD279
(EH12.2H7, BioLegend), PerCP-Cy5.5-CD14 (63D3, BioLegend),
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PerCP-Cy5.5-CD8 (SK1, BioLegend), PE-Cy7-CCR6/CD196 (G034E3,
BioLegend), APC-CXCR3/ CD183 (G025H7, BioLegend), APC-Cy7-
CD45RA (HI100, BioLegend), BV421-CXCR5/CD185 (J252D4, BioLe-
gend), and BV510-CD4 (OKT4, BioLegend); panel 7 (for the
detection of costimulatory and coinhibitory markers on T cells),
FITC-CD8a (RPA-T8, BioLegend), PE-ICOS/CD278 (C398.4A, BioLe-
gend), Alexa Fluor 647-OX40/CD134 (Ber-ACT35, BioLegend),
APC-Cy7-CD3 (OKT3, BioLegend), BV421-CD152/CTLA-4 (BNI3,
BioLegend), and BV510-CD4 (OKT4, BioLegend); panel 8 (for the
detection of exhaustion markers, PD-1 and TIM-3), FITC-CD45RA
(HI100, BioLegend), PE-TIM-3/CD366 (344801, R&D Systems,
Minneapolis, MN, USA), PerCP-Cy5.5-CD8 (SK1, BioLegend), PE-
Cy7-PD-1/CD279 (EH12.2H7, BioLegend), APC-CCR7/CD197
(G043H7, BioLegend), BV421-CD8a (RPA-T8, BioLegend), APC-Cy7-
CD3 (OKT3, BioLegend), and BV510-CD4 (OKT4, BioLegend); panel
9 (for the detection of LAG-3 and TIGIT on T cells), FITC-CD8a (RPA-
T8, BioLegend), Alexa Fluor 647-LAG-3/CD223 (11C3C65, BioLe-
gend), APC-Cy7-CD3 (OKT3, BioLegend), BV421-TIGIT (A15153G,
BioLegend), and BV510-CD4 (OKT4, BioLegend); and panel 10 (for
the phenotyping of OX40 and LAG3+ T cells), FITC-CCR7/CD197
(G043H7, BioLegend), APC-CD25 (BC96, BioLegend), PE-Cy7-CCR4/
CD194 (L291H4, BioLegend), Alexa Fluor 647-LAG-3/CD223
(11C3C65, BioLegend), APC-Cy7-CD45RA (HI100, BioLegend),
BV421-OX40/CD134 (Ber-ACT35, BioLegend), BV510-CD4 (OKT4,
BioLegend), BV605-CD127 (A019D5, BioLegend), BV650-CD3 (OKT3,
BioLegend) and BV785-CD8a (RPA-T8, BioLegend). Appropriate
isotype control antibodies as follows were used to determine the
level of background staining: FITC Mouse IgG1, κ Isotype Ctrl
Antibody (MOPC-21, BioLegend), PE Mouse IgG1, κ Isotype Ctrl
Antibody (MOPC-21, BioLegend), PE Rat IgG2a, κ Isotype Ctrl
Antibody (RTK2758, BioLegend), PE/Cy7 Mouse IgG1, κ Isotype Ctrl
Antibody (MOPC-21, BioLegend), APC Mouse IgG1, κ Isotype Ctrl
Antibody (MOPC-21, BioLegend), APC/Cy7 Mouse IgG1, κ Isotype
Ctrl Antibody (MOPC-21, BioLegend), Brilliant Violet 421 Mouse
IgG1, κ Isotype Ctrl Antibody (MOPC-21, BioLegend), Brilliant Violet
510 Mouse IgG1, κ Isotype Ctrl Antibody (MOPC-21, BioLegend),
Brilliant Violet 605 Mouse IgG1, κ Isotype Ctrl Antibody (MOPC-21,
BioLegend), Brilliant Violet 650 Mouse IgG1, κ Isotype Ctrl Antibody
(MOPC-21, BioLegend), Brilliant Violet 711 Mouse IgG1, κ Isotype
Ctrl Antibody (MOPC-21, BioLegend) and Alexa Fluor 647 Mouse
IgG1, κ Isotype Ctrl Antibody (MOPC-21, BioLegend).

Quantification of cytokine concentrations
Serum cytokine concentrations before the initial and second
administrations of nivolumab and at the time of PD were
quantified with a cytometric bead assay using LEGENDplex
Human Th Panel (13-plex; BioLegend) according to the manu-
facturer’s recommendations and analysed using the FACSAria III.
The data of flow cytometry were exported as FCS files and
analysed with BioLegend LEGENDplex software version 8 (BioLe-
gend). The following cytokines were analysed: Th1 cytokines
(interleukin (IL) -2, interferon gamma (IFNγ) and tumour necrosis
factor alpha (TNFα)); Th2 cytokines (IL-4, IL-5, IL-6, IL-10, IL-13);
Th17 cytokines (IL-17A, IL-17F, IL-21, IL-22); and Th9 cytokine (IL-9).

Immunohistochemistry
Formalin-fixed paraffin-embedded (FFPE) tumour samples
obtained before chemotherapy were available in 29 of the 30
cases. PD-Ll staining of each case was performed using FFPE
tumour samples retrospectively with an anti-PD-L1 antibody (28-8,
Abcam, Cambridge, UK, 1:100 dilution). FFPE samples were sliced
to 3–5 μm, and slides were boiled in a microwave oven for antigen
retrieval. The endogenous peroxidase was inactivated by incubat-
ing the slides with 3% hydrogen peroxide, and non-specific
background staining was blocked with Protein Block Serum-Free
Ready-to-use (X0909, DAKO, Glostrup, Denmark). Primary antibody
was then applied, and secondary antibodies were subsequently
applied for detection. The DAKO Envision Detection System was

used for detecting PD-L1 staining. PD-L1 expression was measured
with inForm Cell Analysis software (PerkinElmer, Waltham, MA,
USA) using the PD-L1 combined positive score (CPS), defined as
the number of PD-L1-positive cells (tumour cells, lymphocytes,
and macrophages) as a proportion of the total number of tumour
cells multiplied by 100. The microsatellite status of each case was
assessed with four DNA mismatch repair (MMR) proteins (MLH1,
PMS2, MSH2, and MSH6). MMR protein staining was performed
with anti-MLH1 antibody (G168-728, BD Biosciences, 1:50 dilution),
PMS2 (A16-4, BD Biosciences, 1:100 dilution), and MSH2 (Ab-2,
Merck Millipore, Burlington, MA, USA, 1:100 dilution). Deficient
MMR (dMMR) was defined as the absence of nuclear staining of
one or more of the MMR proteins in the tumour cells.

Statistical analysis
Comparisons between samples collected before the initial and
second administrations of nivolumab and at the time of PD were
performed using the Kruskall-Wallis and Wilcoxon signed-rank tests.
Progression-free survival (PFS) was defined as the time from
registration in this study to the day of disease progression or death
from any cause. PFS was evaluated with Kaplan–Meier curves. The
multivariate correlation analysis of the proportion of immune cell
subsets, the serum cytokine concentrations, and PFS as the clinical
outcome was performed using the pairwise comparison method.
PFS was compared between subsets using the log-rank test. Hazard
ratios (HRs) and 95% confidence intervals (95%CIs) were calculated
using a Cox proportional hazards model. Multivariate analysis was
also performed with immune cell subsets and the background
characteristics of patients including ECOG PS (PS 0–1 or 2), MMR
status (dMMR or proficient MMR), and PD-L1 CPS (CPS ≥ 1 or CPS <
1). p < 0.05 was considered significant. All statistical analyses were
carried out using JMP 13 (SAS Institute Inc., Cary, NC, USA).

RESULTS
Patients
The patients’ baseline characteristics are shown in Table 1. Thirty
AGC patients were included in this study between 14 November
2017 and 14 December 2018. Two patients (6.7%) received
nivolumab as second-line therapy, and 28 patients (93%) received
it as third- or later-line therapy. One patient (3%) was dMMR, and
17 patients (57%) showed PD-L1 CPS of 1 or higher. A summary of
treatment response, survival, and reasons for discontinuation is
shown in Table 2. Objective response was seen in 20%. Twenty-
nine patients (96.7%) discontinued nivolumab therapy, due to PD
(28 patients, 96.6%) and the adverse effect of myocarditis (1
patient, 3.4%). The median follow-up period was 140 days (range,
17–504 days). The median PFS was 51 days (95%CI, 35–77 days) by
March 2019. The Kaplan–Meier plots of PFS in enrolled patients are
shown in Fig. 1. One PR case and one SD case were censored. A
severe adverse event associated with nivolumab was observed in
one case who developed myocarditis and discontinued nivolumab.
Peripheral blood samples at the time of PD could not be obtained
from five patients. For the seven patients who were diagnosed
with PD by the investigator before the second administration of
nivolumab, the second blood sampling was considered the blood
sampling at the time of PD. Thus, blood samples were obtained
from 30 patients before the initial administration of nivolumab, 23
patients before the second administration, and 25 patients at the
time of PD. The data of each time-point sample were compared.
The patients’ characteristics at each time-point are shown in
Supplementary table 1. The representative immunohistochemical
staining of the primary lesions for MMR proteins and PD-L1 is
shown in Supplementary Figs. 1 and 2.

Changes in immune cell subsets after administration of nivolumab
The changes in immune cell subsets were evaluated in 30 AGC
patients at 3 time points: prior to treatment, after 1 cycle of

OX40 and LAG3 are associated with better prognosis in advanced gastric. . .
H Ohmura et al.

1509



treatment, and at the time of PD. The changes in the proportions
of CD4+ T cells and CD8+ T cells in the CD3+ T cells did not show
significant trends. The proportions of naïve T cells (Tn, CD3+
CD45RA+CCR7+), central memory T cells (Tcm, CD3+CD45RA
−CCR7+), effector memory T cells (Tem, CD3+CD45RA−CCR7−),
and effector T cells (Te, CD3+CD45RA+CCR7−) in the CD4+ and
CD8+ T cells showed no significant differences after 1 cycle of
nivolumab and at the time of PD (data not shown). CD4+ or CD8+
T cells expressing the activated phenotype (CD38+HLA-DR+)
increased after administration of nivolumab in the Tcm, Tem, and
Te subsets (Fig. 2a). On the other hand, these subsets tended to
decrease at the time of PD, but they did not show significant
changes except for CD4+Tcm (Fig. 2a). The naïve Treg fraction (FrI,
CD3+CD4+CD45RO−CD25dim) and activated Treg fraction (FrII,
CD3+CD4+CD45RO+CD25high) increased significantly at the
time of PD (Fig. 2b). No significant difference in the proportions
of helper T cell (Th) subsets, including Th1 cells (CD45RA-CXCR5-
CXCR3+CCR6−), Th2 cells (CD45RA−CXCR5−CXCR3−CCR6−),
Th17 cells (CD45RA−CXCR5−CXCR3−CCR6+), and Th1/17 cells
(CD45RA−CXCR5−CXCR3+CCR6+), was observed after 1 cycle of
treatment (Fig. 2c). The proportion of activated Th1 cells (CXCR3
+CCR6−CD38+HLA−DR+) in the Th1 cell population increased
significantly after 1 cycle of therapy, but no difference was
observed for Th2, Th17, or Th1/17 (Fig. 2c). In terms of B cell
subsets, no significant change was observed in the proportion of
naïve B cells (CD19+IgD+CD27−), switched memory B cells (CD19
+IgD−CD27+), IgM memory B cells (CD19+IgD+CD27+), transi-
tional B cells (CD19+CD24+CD38+), and plasmablasts (CD19
+CD20−CD38 high) in CD19+ cells (Fig. 2d). The proportion of NK
cells (CD3-CD19-CD56+) and myeloid DCs (mDC, HLA-DR+CD14-
CD11c+CD123-) in the CD3-CD19- cell population decreased
significantly at the time of PD. On the other hand, the proportion
of monocytes (CD3-CD19-HLA-DR+CD14low/+) in the CD3-CD19-
cell population increased significantly at the time of PD. No
significant change was observed in plasmacytoid DCs (pDCs, HLA-
DR+CD14-CD123+) after anti-PD-1 therapy and at the time of PD
(Fig. 2e). No significant difference in the proportion of follicular
helper T cell (Tfh) subsets, includingTfh-Th1 cells (CD45RA-CXCR5
+CXCR3+CCR6-), Tfh-Th2 cells (CD45RA−CXCR5+CXCR3−CCR6-),
Tfh-Th17 cells (CD45RA−CXCR5+CXCR3−CCR6+) and Tfh-Th1/17
cells (CD45RA−CXCR5+CXCR3+CCR6+), was observed after 1
cycle of treatment (Fig. 2f). The proportion of Tfh-Th17 cells and
Tfh-Th1/Th17 cells in CD4+ T cells decreased significantly at the
time of PD (Fig. 2f). In terms of costimulatory (OX40, ICOS) and
coinhibitory molecules (CTLA-4, TIGIT) on T cells, the proportion of
OX40+ cells in CD4+ and in CD8+ T cells showed a significant

Table 1. Patients’ baseline characteristics.

Characteristic n= 30

Age Median (range)

years 69 (36–82)

Sex n (%)

Male 19 (63%)

Female 11 (37%)

ECOG PS

0 5 (17%)

1 17 (57%)

2 8 (27%)

HER2 status

positive 7 (23%)

negative 23 (77%)

Previous treatment regimens

1 2 (6.7%)

2 21 (70%)

3 7 (23%)

Previous therapy

Fluoropyrimidine 28 (93%)

Platinum 24 (80%)

Taxane 26 (87%)

Irinotecan 3 (10%)

Ramucirumab 22 (73%)

Trastuzumab 5 (17%)

MSI/ MMR status

dMMR 1 (3%)

PD-L1 CPS

≥1 17 (57%)

<1 12 (40%)

Unknown 1 (3%)

Age median and range, ECOG PS Eastern Cooperative Oncology Group
performance status, HER2 human epidermal growth factor receptor 2, MSI
microsatellite instability, MMR DNA mismatch repair, dMMR deficient MMR,
CPS combined positive score.

Table 2. Summary of treatment responses and reasons for
discontinuation of nivolumab.

Tumor response data n (%)

Best overall response

CR 0 (0%)

PR 1 (3.3%)

SD 5 (16.7%)

PD 24 (80%)

Treatment cycle

Median (range) 3.5 (1–21)

Reason for discontinuation of nivolumab

PD 28 (96.6%)

Adverse events 1 (3.4%)

Withdrawal of consent 0 (0%)

CR complete remission, PR partial response, SD stable disease, PD
progressive disease.
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Median progression-free survival
51 days (95% CI 35–77)

P
ro

ba
bi

lit
y 

of
 s

ur
vi

va
l (

%
)

80

60

40

20

0
50 100 150 200

Time (days)
250 300 350 400 4500

Fig. 1 Kaplan–Meier plot of progression-free survival in enrolled
patients (n= 30). Marks on the curve indicate patients who were
censored. The horizontal axis indicates progression-free survival
(PFS), and the vertical axis indicates the rate of PFS. PFS was defined
as the time since study enrolment to progressive disease (PD) or
death from any reason. Median PFS is 51 days (95% CI 35–77 days).
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increase at the time of PD (Fig. 2g, h). In terms of exhaustion
markers (LAG3, TIM3) on T cells, the proportion of both LAG3+
cells and TIM3+ cells in the CD4+ and CD8+ T cells increased
significantly (Fig. 2i). Taken together, peripheral blood immune

cell profiles after 1 cycle of anti-PD-1 therapy and at the time of PD
showed significant increases or decreases as follows: (i) increase in
activated CD4+/CD8+ Tcm, Tem and Te, and activated Th1 cells
after 1 cycle of therapy; (ii) decrease in NK cells, myeloid DCs,
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Tfh-Th17, and Tfh-Th1/17 at the time of PD; and (iii) increase in
monocytes and CD4+/CD8+OX40+, TIM3+, and LAG3+T cells at
the time of PD. After anti-PD-1 treatment, it was technically
difficult to detect PD-1 on peripheral blood T cells with flow
cytometry. The competitive binding assay of other anti-PD-1
monoclonal antibodies (NAT105, MIH4, and EH12.2H7) with
nivolumab targeting PD-1 on peripheral T cell was performed,
but no antibody recognised distinctly different epitopes of the PD-
1 molecule from nivolumab (data not shown).

Changes in cytokine concentrations after administration of
nivolumab
The changes in serum Th cytokine concentrations were also
evaluated in 30 AGC patients at 3 time points: prior to treatment,
after 1 cycle of treatment, and at the time of PD. The serum IL-21
concentration decreased at the time of PD (Fig. 3). The other
cytokines did not show significant changes during the time course
(Fig. 3).

Associations between immune cell phenotype/serum cytokine
concentration and prognosis
The multivariate correlations of the proportion of baseline
immune cell phenotype (%) and serum cytokine concentration
(pg/mL) with median PFS (days) were assessed using a pairwise
comparison method. CD4+/CD8+LAG3+ T cells in CD4+/CD8+
T cells, CD4+/CD8+OX40+ T cells in CD4+/CD8+T cells, and pDC/
CD3-CD19- cells showed positive correlations with PFS (correlation
coefficient: r= 0.7321, 0.6343, 0.3807, 0.4695 and 0.3586, p ≤
0.0001, 0.0002, 0.038, 0.0089, 0.033 and 0.0517). On the other
hand, IL-21 showed a tendency for a negative correlation with PFS
(correlation coefficient: r=−0.3409, p= 0.0652). Next, the asso-
ciation between each parameter and PFS was evaluated with
Kaplan–Meier curves. Patients in whom the proportion of CD4
+OX40+ T cells in CD4+ T cells was higher than the median were
defined as the “CD4+OX40-high” group, and those with a lower
proportion were defined as the “CD4+OX40-low” group. In the
same way, patients were categorised into “high” and “low” groups
according to the median in terms of the proportion of CD8+
OX40+ T cells in CD8+ T cells, CD4+/CD8+LAG3+ T cells in
CD4+/CD8+ T cells, and pDCs in CD3-CD19- cells, and the serum
concentration of IL-21: “CD8+OX40-high” and “CD8+OX40-low”;
and “IL-21-high” and “IL-21-low”. Kaplan–Meier plots were drawn
for the “high” and “low” groups. Prior to nivolumab therapy, PFS
was significantly longer in the high group than in the low group in
terms of CD8+OX40+ T cells, CD4+/CD8+LAG3+ T cells, and
pDCs (log-rank p= 0.0004, 0.0010, <0.0001 and 0.001). After the
first administration of nivolumab and at the time of PD, PFS was
significantly longer in the high group than in the low group in
terms of CD4+/CD8+OX40+ T cells, CD4+/CD8+LAG3+ T cells
(log-rank p= 0.0035, 0.0040, 0.0008 and 0.0003). On the other
hand, PFS in the high group was significantly shorter than in the
low group in terms of IL-21 (log-rank p= 0.0325). No significant
differences in PFS were observed, however, in terms of pDC after
the first therapy (Fig. 4a–f). These results suggest that LAG3+
T cells, OX40+ T cells, and pDCs are associated with a better
prognosis. On the other hand, IL-21 was associated with a poorer

prognosis. Multivariate analysis (Cox proportional hazard model)
with OX40+/LAG3+ high or low groups and the background
characteristics of patients including performance status (PS 0-1 or
2), MMR status (dMMR or proficient MMR), and CPS (CPS ≥ 1 or
CPS < 1) was also performed. Prior to nivolumab therapy, the
hazard ratio (HR) for PFS with the high group versus the low group
in terms of CD8+OX40+ T cells and CD4+/CD8+LAG3+ T cells
was 0.0837 (95% CI 0.0231-0.3030), 0.2673 (95% CI 0.1017-0.7025),
and 0.1526 (95% CI 0.0502–0.4634), respectively (Likelihood ratio
test, p < 0.0001, 0.0055, 0.0003). After the first administration of
nivolumab, the HR for PFS with the high group versus the low
group in terms of CD4+/CD8+OX40+ T cells and CD4+/CD8
+LAG3+ T cells was 0.2705 (95% CI 0.0876-0.8354), 0.1206 (95% CI
0.0310-0.4693), 0.1164 (95% CI 0.0294-0.4604), and 0.0926 (95% CI
0.0220-0.3900), respectively (Likelihood ratio test, p= 0.0189,
0.0021, 0.0013 and 0.0004). At the time of PD, the HR for PFS
with the high group versus the low group in terms of CD4+/CD8
+OX40+ T cells and CD4+/CD8+LAG3+ T cells was 0.2450 (95%
CI 0.0844–0.7110), 0.2289 (95% CI 0.0753–0.6959), 0.3796 (95% CI
0.1333–1.0813), and 0.3095 (95% CI 0.1111–0.8623), respectively
(Likelihood ratio test, p= 0.0116, 0.0111, 0.0779 and 0.0245). In
addition, the phenotype of OX40+/LAG3+ T cells, which is
associated with prognosis, was evaluated. OX40+CD4+ T cells
showed a significantly higher proportion of Tcm phenotype and a
significantly lower proportion of Tn phenotype than OX40-CD4+
T cells (mean ± standard error, 44.1% ± 2.79% vs 20.4% ± 1.62%
and 10.7% ± 1.47% vs 35.6% ± 4.32%, Wilcoxon signed-rank test p
< 0.001 and <0.001), and OX40+CD8+ T cells showed a
significantly higher proportion of Tcm phenotype and significantly
lower proportion of Tem phenotype than OX40-CD8+ T cells
(9.75% ± 1.55% vs 5.50% ± 1.15% and 29.9% ± 3.06% vs 36.7% ±
3.42%, p < 0.001 and 0.006). LAG3+CD4+ T cells showed a
significantly higher proportion of Tn and significantly lower
proportion of Tcm and Tem phenotype than LAG3-CD4+ T cells
(60.5% ± 4.78% vs 24.5% ± 3.22%, 14.4% ± 1.73% vs 27.9% ± 2.09%
and 13.6% ± 2.46% vs 38.9% ± 3.75%, p < 0.001, <0.001 and
<0.001). LAG3+CD8+ T cells showed a significantly higher
proportion of Tn and Te phenotype and significantly lower
proportion of Tcm and Tem phenotype than LAG3-CD8+ T cells
(23.0% ± 4.57% vs 5.96% ± 1.22%, 71.8% ± 4.72% vs 25.6 ± 2.67%,
1.06% ± 0.31% vs 12.4% ± 1.79% and 4.08% ± 1.03% vs 56.1% ±
3.13%, p < 0.001, <0.001, <0.001 and <0.001). In addition, OX40+
cells showed no significant difference in the proportion of Tregs
compared to OX40-T cells (2.24% ± 0.30% vs 2.54% ± 0.39%, p=
0.860), and LAG3+ T cells showed a significantly lower proportion
of Tregs than that LAG3-T cells (1.23% ± 0.22% vs 2.57% ± 0.32%,
p < 0.001), suggesting that Tregs are not a dominant population
among LAG3/OX40+ T cells. These results are shown in
Supplementary Fig. 3.

DISCUSSION
In this study, peripheral blood immune cells were comprehen-
sively studied to clarify specific subsets that correlate closely with
the efficacy of anti-PD-1 therapy for AGC patients. The median PFS
of the present cohort was 1.72 months (95% CI: 1.17–2.57 months),

Fig. 2 Changes in immune cell phenotypes after anti-programmed death (anti-PD)-1 antibody treatment. The gating strategy and the
change in each immune cell phenotype after administration of nivolumab are shown. a Proportion of activated CD4+ (CD8+) central/effector
memory/effector cells. b Proportion of regulatory T cells (Treg) fractions (FrI, FrII, and FrIII) among CD4+ T cells. c Proportion of T-helper (Th)
cells and of activated Th subsets among CD4+ T cells. d Proportion of naïve B cells, IgM memory B cells, switched memory B cells, and
plasmablasts among CD19+ B cells. e Proportion of natural killer (NK) cells, monocytes, and dendritic cells (DCs) among CD3-CD19-
mononuclear cells. f Proportion of T-helper follicular (Tfh) cells among CD4+ T cells. g Proportion of co-stimulatory marker (OX40, ICOS)-
positive cells among CD4+/CD8+ T cells. h Proportion of co-inhibitory marker (CTLA-4, TIGIT)-positive cells among CD4+/CD8+ T cells.
i Proportion of exhaustion marker (LAG3, TIM3)-positive cells among CD4+/CD8+ T cells. Cycle 0, pre-treatment, that is, prior to the first PD-1
antibody cycle; cycle 1, post-first treatment cycle (i.e. prior to the second PD-1 antibody cycle); PD, at the time of progressive disease; Matched
patient samples are connected by coloured lines.
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which is almost equivalent to that in the ATTRACTION-02 study
(1.61 months, 95% CI:1.54–2.30 months),7 even though PS 2
patients accounted for 27% of the patients in the cohort. The
changes in the proportion of immune cell subsets during the time
course of anti-PD-1 therapy showed a similar pattern to our
previous findings in malignant melanoma (MM) patients. A
significant increase in activated CD4+/CD8+ Tcm, Tem, Te and
Th1 after 1 cycle of anti-PD-1 treatment and the trend of their
decreases at the time of PD were observed. These observations
were almost the same as those in MM cases.21 Tn differentiates
into Te after antigen presentation by APCs in secondary lymphoid
tissues, and some Te survives and exists as Tcm or Tem. Effector
and memory T cells are antigen-specific populations after

priming.25,26 PD-1 blockade not only reinvigorates the cytotoxicity
of CD8+ T cells in tumour tissue, but it also enhances tumour
antigen priming to Tn in secondary lymphoid tissues. In fact,
T cells in lymph nodes are activated, and CD8+ Tcms in tumour
infiltrating T cells (TILs) are increased after anti-PD-1 therapy.26–28

In non-squamous cell lung cancer patients, the T cell repertoire of
peripheral blood before and after nivolumab administration and
of TILs in the resected tumour tissue was evaluated, and neo-
antigen specific T cell clones appeared and increased transiently
after PD-1 therapy.29 Peripheral blood T cells exhibiting memory
and effector phenotypes in AGC patients may not necessarily
possess anti-tumour activity. They might include a non-tumour-
specific T cell population, and they might also include exhausted
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Fig. 3 Changes in cytokines after anti-PD-1 antibody treatment. The changes of serum Th cytokine levels (pg/mL) at 3 time points: prior to
treatment, after 1 cycle of treatment, and at the time of PD. Cycle 0, cycle 1, and PD in the figure mean the time point prior to first treatment,
post-first treatment cycle, and at the time of PD, respectively. Matched patient samples are connected by coloured lines.
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T cells due to continuous tumour antigen presentation. However,
the activated memory cells, effector cells, and Th1 cells that
increased transiently after anti-PD-1 therapy may contain certain
tumour antigen-specific clones. In this study, Treg subsets were
classified by surface markers, with the CD3+CD4+CD45RO-CD25-
low population as naïve Tregs (Fr I), and the CD3+CD4+CD45RO
+CD25-high population as effector Tregs (Fr II).21 Naïve Tregs
differentiate into effector Tregs, and effector Tregs suppress T cell
function.30 The proportion of Fr II at the time of PD showed a
significant increase, similar to our previous study of MM.21 In

previous reports of MM and ovarian cancer, the proportion of
Tregs in peripheral blood or tumour tissue was correlated with
clinical stage,31,32 and Tregs of peripheral blood increased in non-
responders to anti-PD-1 therapy after treatment, whereas they
decreased in responders,33 indicating that an increase of Tregs in
peripheral blood or tumour tissue may induce a state refractory to
anti-PD-1 therapy. In the present study, increases in naïve/effector
Tregs were observed at the time of PD, and this effector Treg
fraction, which has a T cell inhibitory function, was thought to be
functionally enhanced at the time of PD. Effector Tregs may be an
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effective biomarker for predicting the progression of disease
during anti-PD-1 therapy. Exhaustion markers (TIM3, LAG3, TIGIT)
were analysed on T cells. PD-1 expression on the T cell surface is
induced by T cell activation, and its expression increases with T
cell exhaustion. Therefore, it is difficult to definitively identify the
status of T cell exhaustion with PD-1 expression alone. The
expressions of exhaustion markers, PD-1, TIM3, LAG3, and TIGIT,
are correlated with the expression of the transcription factor
Eomesodermin (Eomes) in chronic infections and tumour
models.34,35 Eomes-high PD-1-high T cells, which show deficien-
cies in T cell functions such as cytokine production, proliferation,
and cytotoxicity, have been reported to be difficult to reinvigorate
with PD-1 administration.34–36 In fact, in cancerous ascites of
gastrointestinal cancer patients during the time course of PD,
multiple exhaustion markers, PD-1- and TIM3-positive T cells,
increased, and this is thought to be a phenomenon that reflects
the progression of T cell exhaustion.37 The expressions of multiple
exhaustion markers were then analysed in the present study. The
proportions of LAG3- and TIM3-positive T cells showed no
significant changes after anti-PD-1 therapy. However, these
subsets increased significantly at the time of PD. T cells expressing
LAG3 and TIM3 at the time of PD were thought to be exhausted
populations with deficiencies in functions and the inability to
respond to anti-PD-1 therapy. A high proportion of OX40+/LAG-3
+ T cells before and after the anti-PD-1 treatment was significantly
correlated with a better prognosis in the present study. OX40 is a
member of the TNFR superfamily, expressed on the surface of
activated CD4+/CD8+ T cells, Tregs, and transmits costimulatory
signals by binding to OX40 ligand (OX40L).38,39 The OX40/OX40L
signal is thought to be involved in the formation and survival of
memory CD4+/CD8+ T cells40–42 and has been reported to
suppress inhibitory functions of Tregs and differentiation into
Tregs.43 Furthermore, OX40 agonistic antibody enhanced infiltra-
tion of CD8+ T cells into tumour tissues and cytotoxicity against
tumour cells,44,45 suggesting its contribution to the anti-tumour
effects of OX40/OX40L signalling. A higher proportion of OX40-
positive T cells has been observed in peripheral blood of chronic
graft-versus-host disease cases and gastric cancer cases,46,47 but
there has been no report of the correlation with prognosis in solid
tumours, to the best of our knowledge. In addition, it has been
reported that OX40 expression of TILs and prognosis were
positively correlated in colorectal cancer and MM cases.48,49 These
findings suggested that OX40-associated formation and survival of
memory T cells and suppression of Tregs might enhance the anti-
tumour effect and contribute to the favourable prognosis. Neo-
antigen-specific T cell clones have emerged and increased
transiently after anti-PD-1 therapy,29 which may enhance anti-
tumour effects by OX40/OX40L signalling. On the other hand,
LAG3 binds to MHC class II and negatively regulates T cell
activation, cytotoxicity, and cytokine production. LAG3 is
expressed on activated CD4+/CD8+ T cells and Tregs and is
overexpressed with the exhaustion of T cells.50 Although LAG3 is
the exhaustion marker, LAG3 expression on the cell surface first
requires T cell activation.51 A positive correlation has been
observed between LAG3 expression of TILs and prognosis in
oesophageal cancer, non-small cell lung cancer, and microsatellite
instability-high colorectal cancer cases.52–54 The expression of PD-
1 and LAG-3 in TILs is positively correlated,55 and it has been
reported that inhibition of both PD-1 and LAG3 showed a
synergistic effect in T cell activation.56 In addition, CD8+ T cells
expressing PD-1, TIM3 and LAG3 were thought to be tumour-
reactive and neo-antigen-specific.57 Taken together, LAG3-positive
T cells express PD-1, and PD-1/PD-L1 blockade might restore the
anti-tumour effect of tumour-specific exhausted T cells, which
might lead to improvement of the prognosis. In the present study,
LAG3-positive T cells, which are associated with a better prognosis
after anti-PD-1 therapy, might have included an exhausted subset
that is tumour-specific and can be reinvigorated by PD-1/PD-L1

blockade. On the other hand, LAG3-positive T cells at the time of
PD might express multiple exhaustion markers and Eomes and be
too exhausted to respond to anti-PD-1 therapy.
The predictive factors for response to anti-PD-1 antibody in

gastric cancer have been reported: PS, MSI/dMMR status, and PD-
L1 CPS.58,59 However, other predictive factors are not well known.
In the present study, the proportion of OX40+/LAG3+ T cells was
found to be a potential predictive factor independent of these
background factors on multivariate analysis (Cox proportional
hazard model).
This study has several limitations. First, this was a prospective

study, but it was based on actual clinical practice and included
various patient backgrounds, and CT was performed by the
attending physicians based on the clinical practice; thus, the CT
evaluation period was not clearly defined. The fact that the CT
evaluation was not subject to independent central imaging facility
review was also considered to be a limitation in this study.
However, this study was based on actual clinical practice and
considered to be valuable in that respect. Second, the number of
antigens that could be analysed by flow cytometry at one time
was limited due to the technical limitation of fluorescence
leakage, and 10 panels of fluorophore-conjugated monoclonal
antibodies were used for immunophenotyping. Thus, there was
difficulty in evaluating the status of co-expression of some
antigens. One of the future prospects is multidimensional analysis
of protein expression at the single-cell level using a new platform
such as mass cytometry.
Activated Tcm, Tem, and Te increased after anti-PD-1 therapy in

AGC patients. These proportions of OX40 and LAG3-positive T cells
in peripheral blood before and after anti-PD-1 therapy are
expected to be predictive biomarkers for anti-PD-1 therapy.
Further analyses of the changes of immune cell subsets with anti-
PD-1 therapy are required to better understand the immunolo-
gical and clinical impact of PD-1-blockade in gastric cancer
patients.
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