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Abstract

Background
Immune checkpoint inhibitors (ICIs) have revolutionized cancer treatment. Since clinical bene�ts are
limited to a subset of patients, we aimed to identify peripheral blood biomarkers that predict the e�cacy
of the anti-programmed cell death protein 1 (PD-1) antibody (nivolumab) in patients with gastric cancer.

Methods
We collected peripheral blood samples from gastric cancer patients (n = 29) before and after treatment
with nivolumab and investigated the relationship between the frequency of the surface or intracellular
markers among nivolumab-binding PD-1+CD8+ T cells and treatment responses using multicolor �ow
cytometry. The tumors, lymph nodes, and peripheral blood of gastric cancer patients who underwent
gastrectomy following nivolumab treatment were collected, and nivolumab-binding PD-1+CD8+ T cells in
these tissue samples were characterized.

Results
Patients with a high frequency of CD103 among PD-1+CD8+ T cells in peripheral blood 2 weeks after the
start of treatment had signi�cantly better progression-free survival than the low group (P = 0.032). This
CD103+PD-1+CD8+ T cell population mainly consisted of central memory T cells, showing the high
expression of Ki-67 and few cytotoxic granules. Whereas, effector memory T cells were more frequently
observed among CD103+PD-1+CD8+ T cells in tumors, which implied a change in the differentiated status
of central memory T cells in lymph nodes and peripheral blood to effector memory T cells in tumors
during the treatment with ICIs.

Conclusions
A high frequency of CD103 among PD-1+CD8+ T cells 2 weeks after nivolumab treatment in patients with
advanced gastric cancer may be a useful biomarker for predicting the e�cacy of anti-PD-1 therapy.

Introduction
Antibodies that block the programmed cell death protein 1 (PD-1) pathway have demonstrated potent
anti-tumor activity in cancer patients and are now an approved treatment for several cancers (1).
Although a signi�cant number of patients bene�t from immune checkpoint inhibitors (ICIs), clinical
e�cacy is limited to a subset of patients. Therefore, extensive efforts have been made to identify
biomarkers that predict responses to this therapy (2). As predictive markers in the tumor
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microenvironment, the tumor expression of programmed death ligand 1 (PD-L1), the intensity of
intratumoral CD8+ T cell in�ltration, and the tumor mutational burden have been proposed as biomarkers
for responses to ICIs (2). Tumor PD-L1 expression is now used as the indication for anti-PD-1 therapy for
patients with non-small cell lung cancer because of its proven relationship with clinical responses to this
treatment (3, 4). However, tumor PD-L1 expression was not identi�ed as a predictor of the therapeutic
effects of anti-PD-1 therapy in the ATTRACTION-2 trial, which assessed the clinical e�cacy of anti-PD-1
therapy for gastric cancer, and there is currently no clinically available biomarker that predicts the
therapeutic e�cacy of ICIs for gastric cancer (5).

Since there are limitations to the use of tumor factors in terms of frequent sample availability, particularly
for visceral tumors, more easily applicable markers need to be considered for routine clinical use.
Peripheral blood samples are more easily available than tumor samples and offer information on
dynamic changes serially before and after treatment. Therefore, an analysis of blood may provide
valuable insights into dynamic changes in T cell responses during treatment with ICIs (6–8).

The mechanisms underlying the e�cacy of anti-PD-1 therapy, namely, what cells function for anti-tumor
immunity and when are these cells attracted to the tumor microenvironment during treatment with ICIs,
have not yet been elucidated. Since the anti-PD-1 antibody binds to PD-1-expressing cells, it appears to be
important to focus on the characteristics of anti-PD-1 antibody-binding T cells, which may play a major
role in responses to ICIs (9). Since anti-PD-1 antibody-binding T cells have been detected more than 20
weeks after the last infusion of anti-PD-1 therapy, changes in this cell population may be examined over
time after the initiation of treatment with ICIs (10).

Therefore, we herein aimed to identify peripheral blood biomarkers that predict the e�cacy of anti-PD-1
therapy (nivolumab) and characterize cell populations by analyzing nivolumab-binding T cells in patients
with advanced gastric cancer.

Materials And Methods
Study design and patients

The present study was conducted to identify peripheral blood biomarkers that predict the e�cacy of
nivolumab using analyses of peripheral blood lymphocytes serially before and after nivolumab therapy in
patients with gastric cancer. We enrolled twenty-nine consecutive patients with recurrent or metastatic
gastric cancer who were refractory to standard therapy and were treated with nivolumab between April
2017 and March 2019 at Osaka University Hospital. These patients received 3 mg/kg nivolumab every 2
weeks in 6-week cycles (Fig. 1a). Treatment was continued until disease progression, death, unacceptable
toxic effects, or a patient’s request to discontinue. All patients provided written informed consent before
tissue sampling according to the guidelines of the Declaration of Helsinki. The present study was
approved by the Institutional Ethics Committee of Osaka University Hospital (Osaka, Japan) (approval
number; #13266).
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Evaluation

A physical examination and laboratory tests were performed every 2 weeks, and tumor responses were
assessed by computed tomography (CT) every 6 weeks. The best overall response (BOR) was assessed
according to the Response Evaluation Criteria in Solid Tumors, version 1.1 (RECIST v1.1) based on the
results of CT examinations using the following categories: complete response (CR), partial response (PR),
stable disease (SD), progressive disease (PD), and not evaluable (NE). Progression-free survival (PFS)
was de�ned as the time from the start of nivolumab to either disease progression or death from any
cause. Overall survival (OS) was de�ned as the time from the start of nivolumab to death from any
cause.

Peripheral blood and tissue samples

Peripheral blood samples were collected before treatment and 2 and 6 weeks after the initiation of
nivolumab. Peripheral blood mononuclear cells (PBMCs) were isolated from blood samples and stored in
the N2 bank. Tumor and lymph node samples in addition to blood samples were collected from two
patients who had undergone surgical resection of the stomach after treatment with nivolumab. To collect
tissue-in�ltrating lymphocytes, fresh tumor and lymph node tissues were minced and treated with
gentleMACS Dissociator (Miltenyi Biotec, Bergisch Gladbach, Germany) as previously described (8).
Extracted lymphocytes were stored in the N2 bank and analyzed with a LSR Fortessa cytometer (BD
Biosciences, San Jose, USA) after thawing and washing.

Antibody and multicolor �ow cytometry

The �uorescence-labeled antibodies used in the present study were as follows: anti-CD3 (clone UCHT1;
BioLegend, San Diego, CA), CD4 (clone OKT4; BioLegend), CD8 (clone RPA-T8; BioLegend), CD27 (clone
L128; BD Biosciences), CD45RA (clone HI100; BioLegend), ICOS (clone ISA-3; eBioscience), PD-1 (clone
EH12.1; BD Biosciences), CD103 (clone Ber-ACT8; BioLegend), T cell immunoglobulin mucin domain 3
(Tim-3, clone F38-2E2; BioLegend), TNFα (clone Mab11; Invitrogen), IL-2 (clone MQ1-17H12; eBioscience),
IFN-γ (clone 4S.B3; BioLegend), Granzyme B (clone GB12; Invitrogen), Perforin (clone B-D48; BioLegend),
Ki-67 (clone Ki-67; BioLegend), and the anti-human IgG4 antibody, biotin (clone HP6025; Invitrogen)
followed by secondary staining with streptavidin. Dead cells were identi�ed using the LIVE/DEAD Fixable
Red Dead Cell Stain Kit (Invitrogen). Corresponding isotype control antibodies were purchased from the
same manufacturer. To detect PD-1+ T cells after the nivolumab treatment, the antibody was substituted
by the anti-IgG4 antibody because PD-1 molecules were completely and stably covered by nivolumab
(human IgG4). We con�rmed that the detection rate of the anti-IgG4 antibody against PD-1+CD8+ T cells
treated with nivolumab in vitro was similar to that of the anti-PD-1 antibody against untreated PD-1+CD8+

T cells (Supplementary Fig. 1a). 

In the �ow cytometric analysis, thawed cells were incubated with antibodies at 4°C for 30 minutes after
washing. Washed cells were analyzed with a LSR Fortessa cytometer (BD Biosciences) and the data
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obtained were analyzed using BD FACS Diva software. Regarding intracellular staining, thawed cells were
stained with antibodies to surface antigens and a �xable viability dye (eBioscience) at 4°C for 30
minutes. After being incubated, cells were washed, �xed, and permeabilized with �x/perm solution (BD
Biosciences) at 4°C for 15 minutes. Cells were then stained with antibodies for intracellular molecules at
4°C for 30 minutes. 

Assessment of cytokine production 

Cytokine production was assessed in a sample 2 weeks after the initiation of nivolumab from one
patient. PBMCs were separated into nivolumab-binding PD-1+cells and PD-1-cells with a cell sorter
(MACSQuant® Analyzer; Miltenyi Biotec, Bergisch Gladbach, Germany) and separated cells were then
stimulated with 50 ng/ml PMA (Sigma-Aldrich, Saint Louis, MO), 1 μg/ml ionomycin (Sigma-Aldrich), and
Golgi Plug reagent (BD Biosciences) at 37°C for 5 hours. Harvested cells were washed and used for
intracellular staining. f

Statistical analysis

Differences between the two groups in each experiment were analyzed using the Student’s t-test or Mann-
Whitney U test, where appropriate. Categorical variables and continuous variables were compared as
indicated in the �gure captions. All FCS �les were uploaded and evaluated using Cytobank software, a
web-based platform for storing, exploring, and sharing cytometry data [http://www.cytobank.org]. To
assess whether biomarkers had an independent signi�cant effect on survival, we performed univariate
and multivariate Cox regression analyses with adjustments for age, sex, previous gastrectomy, blood test
results before the nivolumab treatment, and the ratio of the frequency of each surface or intracellular
marker among PD-1+CD8+ T cells in peripheral blood 2 weeks after the start of the nivolumab treatment
to that before treatment. Survival curves were calculated using the Kaplan-Meier method and differences
were assessed using the Log-rank test. The high and low groups were divided by the median values of
each factor. A value of P < 0.05 was considered to be signi�cant. All statistical analyses were performed
using JMP Pro 14 Discovery™ (SAS Institute Inc., Cary, NC).

Results
Patient characteristics

Patient characteristics at baseline are summarized in Table 1. Eighteen out of 29 patients (62.1%) had
recurrence after gastrectomy. All patients received two or more lines of previous systemic chemotherapy
before the nivolumab treatment and had no previous treatment with other ICIs.

Clinical responses

The median duration of the nivolumab treatment was 1.9 months (range; 0.4 - 43.9 months). Median PFS
and OS were 1.8 months (range; 0.4 - 45.5 months) and 6.7 months (range; 0.7 - 45.5 months),
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respectively. BOR was PR in 3 patients (10.3%), SD in 2 (6.9%), PD in 21 (72.4%), and NE in 3 (10.3%)
(Table 2). All three cases of NE were clinically diagnosed as PD. Patients were classi�ed into the
responder group of CR, PR, and SD and the non-responder group of PD and NE for further analyses.

The expression frequency of each marker among PD-1+CD8+T cells in peripheral blood after the
nivolumab treatment

Peripheral blood samples were collected from 29 patients before treatment, 25 patients after 2 weeks of
treatment, and 19 patients after 6 weeks of treatment. PD-1+ T cells before and after the nivolumab
treatment were detected with the anti-PD-1 antibody and anti-IgG4 antibody, respectively (Supplementary
Fig. 1b). We initially evaluated the expression frequency of the surface or intracellular markers among
PD-1+CD8+ T cells or PD-1-CD8+ T cells in peripheral blood before and after the nivolumab treatment,
including activation marker CD103, naive marker CD45RA, immune checkpoint molecules Tim-3, ICOS
and CD27, and proliferative marker Ki-67 (Fig. 1b, Supplementary Fig. 1c, 2). The frequency of each
marker, except for CD45RA, was higher among PD-1+CD8+ T cells than among PD-1-CD8+ T cells at all
time points. Furthermore, the frequencies of CD103, Tim-3, ICOS, and Ki-67 among PD-1+CD8+ T cells
rapidly increased after the start of the nivolumab treatment and were sustained for 6 weeks (Fig. 1b,
Supplementary Fig. 1c). On the other hand, changes in the frequency of each marker among PD-1-CD8+ T
cells were smaller than those observed among PD-1+CD8+ T cells. Since a larger change was observed in
the frequency of each marker, particularly among PD-1+CD8+ T cells, the ratio of the frequency of each
marker among PD-1+CD8+ T cells 2 or 6 weeks after the start of the nivolumab treatment to that before
treatment (% of each marker 2w or 6w/pre) was compared between the responder and non-responder groups

(Fig. 2a, 2b). The ratio of the frequency of CD103 among PD-1+CD8+ T cells in peripheral blood 2 weeks
after the start of the nivolumab treatment to that before treatment was signi�cantly higher in the
responder group than in the non-responder group (P=0.038). No signi�cant differences were observed in
the ratio of the frequencies of other markers among PD-1+CD8+ T cells in peripheral blood 2 or 6 weeks
after the start of the nivolumab treatment to that before treatment between the responder and non-
responder groups (Fig. 2a, 2b). When changes in the expression of markers on PD-1+CD8+ T cells before
and after the nivolumab treatment were detected with the t-SNE analysis in one representative responder
and one non-responder, CD103 expression on PD-1+CD8+ T cells 2 weeks after the start of the nivolumab
treatment was more prominent in the responder than in the non-responder, and this cell population highly
co-expressed ICOS, Ki-67, and CD27 with the lower expression of Tim-3 and CD45RA (Supplementary Fig.
3).

Analysis of functional characteristics of CD103+PD-1+CD8+ T cells

To characterize the phenotype and functions of the CD103+PD-1+CD8+ T cell subset, we analyzed
proliferative activity and cytotoxicity in the following subsets: CD103+PD-1+CD8+ T cells, CD103-PD-
1+CD8+ T cells, and PD-1-CD8+ T cells. Among the three groups, the highest frequency of Ki-67 was
observed in CD103+PD-1+CD8+ T cells before the nivolumab treatment. Moreover, the frequency of Ki-67
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increased 2 weeks and decreased 6 weeks after the start of the nivolumab treatment among all three
subsets, with the largest increase in the frequency of Ki-67 occurring among CD103+PD-1+CD8+ T cells.
(Fig. 3a). The majority of CD103+PD-1+CD8+ T cells expressed Ki-67 in the tSNE-analysis and a strong
correlation was observed between the expression of CD103 and Ki-67 on PD-1+CD8+ T cells
(Supplementary Fig. 3, 4a, 4b). Regarding cytotoxicity and the activation status, CD103+PD-1+CD8+ T
cells had lower frequencies of perforin and granzyme than the other subsets at all time points, but higher
frequencies of INF-γ, TNF-α, and IL-2 2 weeks after the start of the nivolumab treatment (Fig. 3b, 3c).
These results suggest that CD103+PD-1+CD8+ T cell subsets are highly proliferative and less cytotoxic,
but strongly activated.

We examined the differentiation status of T cells characterized by the naïve T cell marker, CD45RA, and
the differentiation T cell marker, CD27 among the naive (CD45RA+CD27+), central memory (CD45RA-

CD27+), effector memory (CD45RA-CD27-), and terminally differentiated (CD45RA+CD27-) subsets
(Supplementary Fig. 5a) (8, 11-16). In this classi�cation, the central memory subset was dominant in PD-
1+CD8+ T cells, particularly in CD103+PD-1+CD8+ T cells, and the percentage of this subset signi�cantly
increased after the nivolumab treatment (Fig. 3d, Supplementary Fig. 5b). 

The relationship between an increase in the subset of CD103+PD-1+CD8+ T cells and patient prognosis

When patients were divided into the high and low groups based on the median value of the frequency of
CD103 among PD-1+CD8+ T cells 2 weeks after treatment, the high group had signi�cantly better PFS
than the low group (P=0.032, Fig. 4a). In the analysis for the ratio of the frequency of CD103 among PD-
1+CD8+ T cells in peripheral blood 2 weeks after the start of the nivolumab treatment to that before
treatment (%CD103 2w/pre), the high group also had signi�cantly better PFS than the low group (P=0.007;

Fig. 4b). Similar results were observed in the analysis of the actual cell number of CD103+PD-1+CD8+ T
cells/µl 2 weeks after the start of treatment (Supplementary Fig. 6a, 6b). Furthermore, a multivariate
analysis of clinicopathologic variables revealed that the ratio of the frequency of CD103 among PD-
1+CD8+ T cells in peripheral blood 2 weeks after treatment to that before treatment (%CD103 2w/pre) was
an independent prognostic factor for PFS (HR: 3.09, 95% CI: 1.19–8.79; P=0.020, Supplementary Table
S1).

Evaluation of nivolumab-binding T cells in tumors and lymph nodes resected after the nivolumab
treatment

Tumors, lymph nodes, and peripheral blood were collected from two individual patients (cases 1 and 2)
who were treated with nivolumab, showed a durable response, and subsequently underwent
gastrectomy. We detected the presence of nivolumab-binding CD8+ T cells in tumors, lymph nodes, and
peripheral blood (Fig. 5a). The majority of nivolumab-binding CD8+ tumor-in�ltrating lymphocytes (TILs)
expressed CD103, while a relatively high percentage of nivolumab-binding T cells from lymph nodes
expressed CD103 in contrast to a lower percentage in peripheral blood (Fig. 5b). Regarding the
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differentiation status, CD103+PD-1+CD8+ T cells in lymph nodes consisted of the highest percentage of
central memory T cells, whereas effector memory T cells were more frequently observed among the
CD103+PD-1+CD8+ T cells of TILs (Fig. 5c). The differentiation status of CD103+PD-1+CD8+ T cells in
peripheral blood was between that of the lymph nodes and tumors. The frequency of Ki-67 among
CD103+PD-1+CD8+ T cells was similar between the three samples (Fig. 5d).

Discussion
Although immunotherapy has evolved as a cancer treatment with the development of ICIs, therapeutic
e�cacy is limited to a few patients. Therefore, there is an urgent need to identify biomarkers that predict
the therapeutic e�cacy of ICIs. In the present study, we identi�ed a peripheral blood-based biomarker that
predicts responses to anti-PD-1 therapy in gastric cancer. The ratio of the frequency of CD103 among PD-
1+CD8+ T cells in peripheral blood 2 weeks after the start of treatment with nivolumab to that before
treatment predicted responses to and survival after anti-PD-1 therapy. To the best of our knowledge, this
is the �rst study to describe the importance of CD103 expression on PD-1+CD8+ T cells after anti-PD-1
therapy in peripheral blood.

CD103, also known as integrin αEβ7, is a well-known marker for tissue-resident memory T cells, which are
poised to rapidly respond to local pathogen re-encounters in peripheral tissues (17). This molecule is a
transmembrane heterodimer complex that mediates the cell adhesion, migration, and homing of
lymphocytes through their binding to E-cadherin on the surface of epithelial cells (18, 19). Therefore,
CD103 favors the location and retention of resident memory T cells close to malignant cells in tumors by
binding to E-cadherin on malignant cells, and the CD103-E-cadherin interaction is required for the
polarized exocytosis of lytic granules causing target cell death (20). Since tissue-resident memory T cells
are considered to enhance tumor immunity, the abundance of CD103+CD8+ TILs had been identi�ed as a
superior prognostic factor in several cancers (19, 21, 22). Moreover, anti-PD-1 therapy signi�cantly
increased the production of IFN-γ in CD103+CD8+ TILs, and the elevated number of CD103+CD8+ TILs
after anti-PD-1 therapy correlated with a good response by patients with malignant melanoma (23, 24),
suggesting the importance of CD103+CD8+ T cell in�ltration into tumors treated with ICIs. However, the
function of CD103+CD8+ T cells in peripheral blood related to ICIs remains unclear. In the present study,
CD103-expressing CD8+ T cells were rarely detected in peripheral blood before nivolumab treatment,
whereas CD103-expressing CD8+ T cells increased after nivolumab treatment, particularly in PD-1+CD8+ T
cells. The increased frequency of CD103 in PD-1+CD8+ T cells in peripheral blood after nivolumab
treatment correlated with a good response and better prognosis after anti-PD-1 therapy. Therefore, the
increases of CD103+PD-1+CD8+ T cells in peripheral blood may be used as a marker to predict good
treatment e�cacy.

The e�cacy of ICIs depends on the existence of tumor antigen-speci�c T cells (25). Two major studies
proved the activation of tumor antigen-speci�c T cells in peripheral blood after treatment with ICIs (26,
27). Although some markers were used to capture tumor antigen-speci�c T cells, including CD107a,
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CD39, CD103, CD154, and CD137, there has been no de�nite marker for tumor antigen-speci�c T cells
(28–31). Nevertheless, some studies showed that CD103+CD8+ T cells in tumors contained tumor-
reactive CD8+ T cells in several cancers (22, 32, 33). Consistent with previous �ndings, the present results
suggest that CD103+PD-1+CD8+ T cells in peripheral blood contained tumor-reactive CD8+ T cells
because this cell population correlated with a good clinical response to and better survival after treatment
with ICIs. Actually, tumor antigen-speci�c CD8+ T cells were identi�ed from PD-1+CD8+ T cells in the
peripheral blood of melanoma patients, and this is consistent with our hypothesis that PD-1+ T cells
contain tumor antigen-speci�c CD8+ T cells (34). Although experiments were not performed to assess the
tumor cell-killing activity of CD103+PD-1+CD8+ T cells, the present results support the hypothesis that
tumor antigen-speci�c T cells are present in CD103+PD-1+CD8+ T cells in peripheral blood after
nivolumab treatment and activate anti-tumor immunity.

Memory T cells facilitate immunosurveillance and recall responses to reinvading pathogens. Two types
of memory T cells have been de�ned from peripheral blood: central memory T cells residing in secondary
lymphoid tissues with a high potential for self-renewal and effector memory T cells abundant in non-
lymphoid tissues with cytotoxic properties. Central memory T cells become effector memory T cells by a
re-stimulation with various antigens and ultimately become effector T cells that exhibit killing activity
(35). As for a relationship between memory T cells and the anti-tumor effects of ICIs, an increased subset
of central memory T cells in peripheral blood predicted a good clinical response to ICIs, while the effector
memory T cell subset in tumors was the major phenotype that expanded in patients who responded to
ICIs (36),(37). The present results demonstrated that the population of central memory T cells in
CD103+PD-1+CD8+ T cells after the nivolumab treatment was higher in lymph nodes than in peripheral
blood or tumors, whereas effector memory T cells increased in the CD103+PD-1+CD8+ T cells of tumors.
Therefore, central memory T cells among CD103+PD-1+CD8+ T cells in lymph nodes may be reactivated
by tumor antigens after treatment with ICIs, differentiate to effector memory T cells, migrate through
peripheral blood to tumors, and then target tumor cells with cytotoxic functions. A recent study on tumor
antigen-speci�c T cells after treatment with ICIs showed that the dominant population in peripheral blood
changed from central memory to effector memory T cells over time after the initiation of treatment with a
serial sample analysis (38). Therefore, the abundance of the central memory subtype in CD103+PD-
1+CD8+ T cells in peripheral blood may be a marker that predicts the e�cacy of ICIs. Further studies are
needed to investigate the fate of CD103+PD-1+CD8+ T cells during treatment with ICIs.

Since the anti-PD-1 antibody binds to PD-1-expressing cells, we focused on nivolumab-binding T cells,
which have been suggested to play a major role in responses to ICIs, and these cells may be detected by a
method using the anti-IgG4 antibody. Two previous studies using this method indicated that the early
proliferative (Ki-67+) response of peripheral blood PD-1+CD8+ T cells after anti-PD-1 therapy was
associated with clinical outcomes in patients with non-small cell lung cancer and thymic epithelial
tumors (6, 7). In the present study, Ki-67+-proliferating CD8+ T cells were more frequently observed in
CD103+PD-1+CD8+ T cells than in CD103−PD-1+CD8+ T cells or PD-1−CD8+ T cells and 2 weeks after
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treatment initiation than before or 6 weeks after treatment initiation. Therefore, CD103+PD-1+CD8+ T cells
were the most proliferative and observed at an early time point after the initial treatment. These results
support the use of peripheral blood monitoring for CD103+PD-1+CD8+ T cells at early time points after
treatment initiation. Considering the mode of action of PD-1-blocking antibodies, measurements of
CD103-expressing PD-1+CD8+ T cells may be applicable to several cancer types. An approach to expand
CD103-expressing PD-1+CD8+ T cells may be important for overcoming unresponsiveness to anti-PD-1
therapy.

The present study had a number of limitations. It was performed at a single institution with a relatively
small sample size and only one type of cancer was examined. Therefore, the present results need to be
validated in a larger cohort and in another type of cancer. Furthermore, different antibodies were used to
detect PD-1+ T cells before and after the nivolumab treatment, namely, anti-PD-1 antibodies before
treatment and anti-IgG4 antibodies after treatment. Therefore, pre- and post-treatment comparisons may
not be consistent. However, since no signi�cant differences were observed in the frequency of PD-1
among CD8+ T cells in in vitro experiments with anti-PD-1 and anti-IgG4 antibodies, the majority of PD-
1+CD8+ T cells were considered to be precisely detected (Supplementary Fig. 1a, 1b).

In conclusion, the present results suggest that the ratio of the frequency of CD103 among PD-1+CD8+ T
cells in peripheral blood 2 weeks after the start of the nivolumab treatment to that before treatment
re�ects responses to and survival by patients receiving anti-PD-1 therapy. Further studies with a larger
number of patients and various cancer types are needed to validate this parameter as a useful biomarker
for anti-PD-1 therapy.
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Table 1
Patient characteristics at baseline (n = 29).

  n = 29 (%)

Age, median (range) 64 (31–77)

Sex  

Male 19 (65.5%)

Female 10 (34.5%)

ECOG† performance status  

0 13 (44.8%)

1 16 (55.2%)

Histology  

Differentiated 8 (27.6%)

Undifferentiated 18 (62.1%)

Unknown 3 (10.3%)

Site of metastasis  

Lymph node 13 (44.8%)

Liver 11 (37.9%)

Peritoneum 8 (27.6%)

Lung 2 (6.9%)

Bone 2 (6.9%)

Pleura 1 (3.4%)

Adrenal 1 (3.4%)

Other 3 (10.3%)

Previous gastrectomy  

Yes 18 (62.1%)

No 11 (37.9%)

Previous treatment regimens*  

ECOG†: Eastern Cooperative Oncology Group

*Includes treatments received in the adjuvant setting
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Figures

  n = 29 (%)

Two 12 (41.4%)

Three 8 (27.6%)

More than four 9 (31.0%)

Previous chemotherapy  

Pyrimidine analogues 29 (100%)

Platinum 28 (96.6%)

Taxane 28 (96.6%)

Irinotecan 12 (41.4%)

Ramucirumab 29 (100%)

Previous radiation  

Yes 2 (6.9%)

No 27 (93.1%)

ECOG†: Eastern Cooperative Oncology Group

*Includes treatments received in the adjuvant setting

Table 2
Treatment results

    n = 29

Administration    

Months median (range) 1.9 (0.4–43.9)

Number of nivolumab infusions median (range) 5 (1–88)

Best overall response CR† / PR† / SD† / PD† / NE† 0 / 3 / 2 / 21 / 3

Progression-free survival (months) median (range) 1.8 (0.4–45.5)

Overall survival (months) median (range) 6.7 (0.7–45.5)

CR†, complete response; PR†, partial response; SD†, stable disease; PD†, progressive disease;

NE†, not evaluated
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Figure 1

Study design and expression frequency of each marker. a, Peripheral blood samples were collected from
gastric cancer patients before treatment and 2 and 6 weeks after the start of the nivolumab treatment. b,
The frequency of each marker among PD-1+CD8+ T cells or PD-1-CD8+ T cells before treatment and 2 and
6 weeks after the start of treatment (0 week : n=29, 2 weeks : n=25, 6 weeks : n=19). Values are indicated
as medians. The signi�cance of differences was calculated using the nonparametric Wilcoxon matched-
pairs signed-rank test. (*P <0.05, **P <0.01, ***P <0.001)

Figure 2

The relationship between changes in expression frequency of each marker and therapeutic effect. The
ratio of the frequency of each marker among PD-1+CD8+ T cells 2 weeks (a. responder n=4, non-
responder n=21) and 6 weeks (b. responder n=4, non-responder n=15) after the start of treatment to the
pre-treatment rate between the responder group and non-responder group based on the best overall
response. Values are indicated as medians. The signi�cance of differences was calculated using the
nonparametric Mann-Whitney U test.

Figure 3

Analysis of functional characteristics of CD103+PD-1+CD8+ T cells. Ki-67 (a), perforin, and granzyme (b)
frequencies among CD103+PD-1+ CD8+ T cells, CD103-PD-1+CD8+ T cells, and PD-1-CD8+ T cells before
treatment and 2 and 6 weeks after the start of the nivolumab treatment (0 week : n=29, 2 weeks : n=25, 6
weeks : n=19). c, Cytokine production in CD103+PD-1+CD8+ T cells, CD103-PD-1+CD8+ T cells, and PD-1-

CD8+ T cells 2 weeks after the start of the nivolumab treatment (n=1). d, The percentages of each
differentiation subset in CD103+PD-1+CD8+ T cells, CD103-PD-1+CD8+ T cells, and PD-1-CD8+ T cells 2
weeks after the start of the nivolumab treatment (n=25). Values are indicated as medians. The
signi�cance of differences was calculated using the nonparametric Wilcoxon matched-pairs signed-rank
test. (*P <0.05, **P <0.01, ***P <0.001)

Figure 4

The relationship between an increase in the subset of CD103+PD-1+CD8+ T cells and patient prognosis.
Kaplan-Meier curves of PFS in patients with a high or low frequency of CD103 among PD-1+CD8+ T cells
2 weeks after the start of the nivolumab treatment (a. n=25), and those with a high or low ratio of the
frequency of CD103 among PD-1+CD8+ T cells in peripheral blood 2 weeks after the start of the
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nivolumab treatment to that before treatment (b. n=25). The median of each value was used as the cut-
off. The signi�cance of differences was calculated using the Log-rank test.

Figure 5

Evaluation of nivolumab-binding T cells in tumors and lymph nodes resected after the nivolumab
treatment. Marker expression frequency in samples from two patients who underwent surgical resection
after the nivolumab treatment. a, PD-1 frequency among CD8+ T cells in PBMCs, lymphocytes in lymph
nodes, and TILs. b, CD103 frequency among PD-1+CD8+ T cells (nivolumab-binding T cells) in PBMCs,
lymphocytes in lymph nodes, and TILs. Subsets of differentiation markers (c) and Ki-67 (d) on
CD103+PD-1+CD8+ T cells in PBMCs, lymphocytes in lymph nodes, and TILs (n=1).
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