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PD-1 expression in peripheral blood T-cells has been reported in several kinds of

cancers, including lung cancer. However, the relationship between PD-1 expres-

sion in peripheral blood T-cells and prognosis after treatment with a cancer vac-

cine has not been reported. To elucidate this relationship, we analyzed PD-1

expression in the peripheral blood T-cells of patients with non-small cell lung

cancer. The blood samples used in this study were obtained from patients

enrolled in phase II clinical trials of a personalized peptide vaccine. Seventy-eight

samples obtained before and after a single vaccination cycle (consisting of six or

eight doses) were subjected to the analysis. PD-1 was expressed on lymphocytes

in the majority of samples. The relative contents of PD1+CD4+ T-cells against total

lymphocytes before and after the vaccination cycle correlated with overall sur-

vival (OS) with a high degree of statistical significance (P < 0.0001 and

P = 0.0014). A decrease in PD-1+CD8+ T-cells after one cycle of vaccination also

correlated with longer OS (P = 0.032). The IgG response to the non-vaccinated

peptides suggested that the epitope spreading seemed to occur more frequently

in high-PD-1+CD4+ T-cell groups. Enrichment of CD45RA�CCR7� effector-memory

phenotype cells in PD-1+ T-cells in PBMCs was also shown. These results suggest

that PD-1 expression on the peripheral blood T-cell subsets can become a new

prognostic marker in non-small cell lung cancer patients treated with personal-

ized peptide vaccination.

L ung cancer is the most common cancer in the world;
annually 1.8 million new cases are diagnosed and 1.6 mil-

lion people die of the disease.(1) Approximately 80% of lung
cancers are non-small cell lung cancers (NSCLCs).(2) Surgery
is the standard treatment in the early stages of NSCLC. How-
ever, more than 65% of patients with NSCLC are in advanced
stages with locally advanced or metastatic disease.(3) Although
recent progress with molecular targeted agents, including tyro-
sine kinase inhibitors of epidermal cell growth factor receptor
(EGFR) and anaplastic lymphoma kinase (ALK), as well as
progress in the development of antibodies against vascular
endothelial cell growth factor (VEGFR), improved the progno-
sis of NSCLC patients in advanced stages,(4,5) new treatment
modalities need to be developed. Cancer vaccine therapies are
among the promising new therapeutic modalities for NSCLC.
We have developed a personalized peptide vaccine (PPV), in
which appropriate vaccine peptides are selected from a panel
of candidate peptides on the basis of each patient’s HLA-A
types and pre-existing anti-cancer immunity.(6) Currently,
there are 31 CTL-epitope peptide candidates derived from a
variety of tumor-associated antigens; these include12 peptides
for HLA-A2 patients, nine peptides for patients with an HLA-
A3 super type (A3, A11, A31, or A33), 14 peptides for

HLA-A24 patients, and four peptides for HLA-A26
patients.(6,7) A maximum of four peptides, which were
selected based on patient’s HLA types and pre-existing immu-
nity, were subcutaneously injected with ISA51VG weekly or
bi-weekly. Clinical studies have shown the safety and poten-
tial immunological efficacy of these peptides in small cell and
non-small cell lung cancers.(8,9)

Anti-tumor immunity is regulated by several immune check
point molecules. Programmed cell death1 (PD-1) is one of the
immune check point molecules expressed on both activated
and exhausted T-cells.(10) PD-L1, the PD-1 ligand, is expressed
on tumor cells and PD-1 ⁄PD-L1 interaction provide negative
signal for antigen-induced T-cell activation.(11) Therefore,
T-cell inactivation induced by PD-1 ⁄PD-L1 is thought to be a
mechanism underlying immunosuppression at the tumor
site.(11) Several reports have examined PD-1 expression on
tumor-infiltrating T-cells, and its correlation with prognosis
has been discussed.(12–19) However, PD-1 expression on the
peripheral blood T-cells of cancer patients, particularly in
those with lung cancer, has not been sufficiently studied.(20–22)

In this paper, we analyzed PD-1 expression and other immune
check point molecules on peripheral blood T-cells of NSCLC
patients and found some correlation with prognosis.
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Materials and Methods

Clinical samples. The peripheral blood samples used in this
study were obtained from patients enrolled in phase II clinical
trials of PPV for advanced NSCLC. The study protocols were
approved by the Kurume University Ethics Committee and
were registered with the UMIN Clinical Trial Registry, UMIN
1839 and UMIN 2984. The entry criteria and precise vaccina-
tion protocols were reported previously. One vaccination cycle
consisted of six or eight doses of peptide vaccination. The
patient’s blood samples were taken before and after one cycle
and stored until use.

Flow cytometric analysis. Peripheral blood mononuclear cells
(1 9 105) were suspended in PBS containing 20% human
AB serum and incubated for 30 min on ice with appropriate
dilution of antibodies. The antibodies used in this study
were: anti-CD4-FITC (clone RPA-T4), anti-CD8-PerCP-Cy5.5
(clone RPA-T8), anti-CD279 (PD-1)-APC (clone MIH4),
anti-CD152 (CTLA-4)-APC, and anti-CD137 (4-1BB)-APC
from BD Biosciences (Franklin Lakes, NJ, USA), anti-CD197
(CCR7)-PerCP-Cy5.5 (clone G043H7), anti-CCR7-Alexa
Fluor 488 (clone G043H7), and anti-CD45RA-PE (clone
HI100) from BioLegend (San Diego, CA, USA). For the
negative controls, APC mouse IgG1(j) (clone MOPC-21; BD
Biosciences) and PE mouse IgG2b (j) (clone MPC-11;
BioLegend) were used. The stained cells were analyzed on BD
FACS Canto II with FACS Diva software (BD Biosciences).

Measurement of IgG and CTL responses. The IgG level in
each of the 31 peptide candidates was measured using the
Luminex system (Luminex, Austin, TX, USA), as previously
reported.(8,9) The IgG levels were obtained as fluorescence
intensity units (FIU). If the level of peptide-specific IgG to at
least one of the vaccinated peptides in the post-vaccination
plasma was more than twice that in the pre-vaccination
plasma, the response was considered augmented. For the
analysis of IgG response to the peptides, FIU values were con-
verted to IgG scores, which were calculated by the formula

IgG score ¼ log2 ðFIU value=10Þ

The CTL responses were evaluated by IFN-c ELISPOT
assay as previously described.(8,9) Antigen-specific T-cell
responses were evaluated by the difference between the num-
ber of spots produced in response to each corresponding pep-
tide and that produced in response to the control HIV
peptide; a difference of more than 30 spots per 105 PBMCs
with statistical significance (P < 0.05) was considered posi-
tive or detectable and the subtracted spot numbers are shown.
In negative cases, spot numbers are shown as 0. If a post-
vaccination value was more than twice the pre-vaccination
value with statistical significance (P < 0.05 by t-test), the
response was considered augmented. If a pre-vaccination
value was 0, more than 30 post-vaccination values were con-
sidered augmented responses. The CTL response data will be
published in another manuscript (T. Yamada et al., in prepa-
ration). Previously published data (n = 21)(9) were also used
for the analyses.

Statistical analysis. The survival curves were examined by
the Kaplan–Meier method. Differences between the pre- and
post-vaccination groups for each variable were compared by
the log-rank test for the analysis of the survival curves. Pear-
son’s v2 test and the ANOVA were used to analyze T-cell
responses specific to the vaccinated peptides and IgG
responses to the vaccine peptides, respectively. A P-values

<0.05 were considered significant. All statistical analyses were
performed using JMP version10 software (SAS Institute, Cary,
NC, USA).

Results

Patient characteristics. Seventy-eight patients with advanced
(stages IIIb and V) or recurrent NSCLC receiving PPV treat-
ment were included in this study. Table 1 shows their charac-
teristics. By the start of PPV treatment, 73 of the 78 patients
had failed at least one regimen of chemotherapy: 16, 22, 11,
and 24 patients had, respectively, failed 1, 2, 3, or 4–12 regi-
mens. The remaining five patients were na€ıve to any chemo-
therapy regimens before PPV treatment.

Expression of immune checkpoint molecules on peripheral

blood lymphocytes. Expression of two co-inhibitory molecules,
CTLA-4 (CD152) and PD-1 (CD279), and one co-stimulatory
molecule, 4-1BB (CD137) on lymphocytes of the patients’
PBMCs were examined. Although these three molecules were
expressed on PHA-activated lymphocytes, only PD-1 was detect-
able on non-stimulated lymphocytes of the majority of patients
and the other two molecules were rarely expressed on the periph-
eral blood lymphocytes (data not shown). Therefore, further
analyses focused on the expression of PD-1 on patients’ lympho-
cytes. Figure 1 shows representative staining patterns of PD-1 on
CD4+ and CD8+ T-cell subsets as well as total lymphocytes.

PD-1 expression and prognosis. We examined PD-1 expres-
sion in T-cells of PBMCs obtained from patients before and
after one cycle of six or eight vaccination doses. The median
relative contents of PD-1+ CD4+ T-cells against total lympho-
cytes were 7.35% (range, 2.4–20.1%) and 7.6% (3.4–26.2%) at
pre- and post-vaccination; those of PD-1+CD8+ T-cells against
total lymphocytes were 4.4% (1.4–14.3%) and 4.25% (1.6–
19.0); and those of PD-1+ lymphocytes against total lympho-
cytes were 13.85% (6.6–29.2%) and 13.7% (6.0–42.0%).
Subsequently we analyzed the correlation between the rela-

tive contents of PD-1+ cells and overall survival (OS) by a
Kaplan–Meier plot (Fig. 2). “Median” of % PD-1+ cells were
used for the definition of “high” and “low” contents of PD-1+

cells. The relative contents of PD1+CD4+ T-cells against total
lymphocytes of pre-vaccination samples correlated to OS with

Table 1. Characteristics of 78 advanced non-small cell lung cancer

(NSCLC) patients treated with personalized peptide vaccination

Parameter n Median (range)

Overall Survival (days) 78 639 (76–1497)

Age (years) 63 (35–84)

Gender

Male 38

Female 40

Stage

IIIb 8

IV 36

Recurrence 34

Histology

Adeno 63

Adenosquamous 2

Squamous 11

LCC 1

Pleomorphic 1

Pre-vaccination regimen No. 3 (0–12)

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
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high significance (P < 0.0001 by the log-rank test, hazard ratio
[HR] = 0.229, 95% confidence interval [CI]: 0.097–0.483)
(panel a). Namely, the high content of the PD-1+CD4+ T-cell
group expressed longer OS than the low content of the
PD-1+CD4+ T-cell group. The median OS time (MST) value
of the low PD-1+CD4+ group was 411 days; that of the high-
PD-1+CD4+ group did not reach MST. The percentages of
PD-1+CD8+ T-cells against total lymphocytes of pre-vaccina-
tion samples did not correlate with OS (panel b). A similar
tendency was observed in the post-vaccination samples (see
panels c, d), i.e., the PD-1+CD4+ high-content group correlated
with OS (P = 0.0014, HR = 0.297, 95% CI: 0.126-0.627; the
MST values of the high and low groups were not reached and
411 days, respectively). It is noteworthy that the relative con-
tents of CD4+ or CD8+ T-cells against total lymphocytes of
both pre- and post-vaccination samples expressed no correla-
tion with OS (data not shown). We further analyzed the corre-
lation between the differences in the pre- and post-vaccination
contents of PD-1+ T-cell subsets and OS. As shown in Fig-
ure 2(f), the decrease in PD-1+CD8+ T-cells after one cycle of
vaccination correlated to longer OS (P = 0.0327, HR = 0.482,
95% CI: 0.238–0.947; the MST values of the decreased and
non-decreased groups were 1286 and 423 days), and no corre-
lation was observed in PD-1+CD4+ T-cell contents (panel e).

The pre- and post-vaccination contents of PD-1+CD4+

T-cells were significantly correlated (P < 0.001). In contrast,
there was no correlation between the pre-vaccination contents
of PD-1+CD4+ T-cells and the difference of PD1+CD8+ T-cells
between pre- and post-vaccination, or between the post-vacci-
nation contents of PD-1+CD4+ T-cells and the difference in
PD1+ CD8+ T-cells (data not shown). Univariate analysis indi-
cated that the high-contents of pre- and post-vaccination
PD-1+CD4+ T-cells were correlated to longer OS, as was the
decrease in PD1+CD8+ T-cells. Multivariate analysis showed
that the post-vaccination contents of PD-1+CD4+ T-cells and
the decrease in PD1+CD8+ T-cells were independent factors
for longer OS, and the combination of these two factors is a
stronger prognostic factor than either factor alone (Table S1).
Neither the high- and low-content nor the decreased and

non-decreased groups differed significantly in any of the
patient’s background factors, such as age, gender, stages, and
histology, except for OS (data not shown).

PD-1 expression and CTL response. We analyzed the relation-
ships between CTL responses to the vaccinated peptides and
the PD-1+CD4+ T-cell contents at pre- and post-vaccination, as
well as the relationships between the CTL responses and the
difference in PD-1+CD8+ T-cell contents. Forty-nine patients
were included in this analysis, since no sufficient blood sam-
ples from pre- and post-vaccination were available from the
remaining patients. A response was considered augmented if
the IFN-c ELISPOT-cell numbers more than doubled after the
vaccination cycle against at least one vaccinated peptide. The
percentages of CTL-response-augmented cases among the 49
cases in the PD-1+CD4+ T-cell high- and low-content groups
were 47.6% (10 ⁄21) and 47.0% (13 ⁄28), respectively, at pre-
vaccination; 47.4% (9 ⁄19) and 46.7% (14 ⁄30) at post-vaccina-
tion; and 50.0% (12 ⁄24) and 44.0% (11 ⁄25) in the decreased
and non-decreased groups of PD-1+CD8+ T-cell contents after
the cycle (Fig. 3). These groups showed no differences in CTL
responses for any parameter.

PD-1 expression and IgG response. We analyzed the relation-
ships between IgG responses to the vaccinated peptides and
the PD-1+CD4+ T-cell contents at pre- and post-vaccination, as
well as the relationship between the IgG responses and the dif-
ference in PD-1+CD8+ T-cell contents. For each parameter,
changes in the sums of IgG scores after the cycle were com-
pared between the groups. As shown in Figure 4(a), IgG
responses to the vaccinated peptides in the PD-1+CD4+ high-
content group were significantly higher than those in the
PD-1+CD4+ low-content group both before and after vaccina-
tion (P = 0.0267 and P = 0.0308, respectively). Analysis of
the IgG subclass in the representative cases indicated that
IgG1, IgG2, and IgG3 were equally dominant in both the pre-
and post-vaccination samples from the PD-1+ T-cell high- and
low-content groups (data not shown).
We also measured IgG responses to the peptides that were

not used for the vaccination, designated as non-vaccinated pep-
tides, to examine how vaccination spread the epitope, and we
analyzed the correlation between the groups for each parame-
ter. An IgG response was considered augmented if the IgG
value against the peptide was more than doubled after the
cycle. The number of peptides corresponding to the augmented
IgG responses was compared between the two groups for each
parameter. As shown in Figure 4(b), there were significantly
more peptides in the PD-1+CD4+ high-content group than in
the PD-1+CD4+ low-content group at post-vaccination
(P = 0.0079). Changes in the sums of IgG scores against the
nonvaccinated peptides after the cycle were also compared

(a)

(b)

Fig. 1. Representative staining patterns of PD-1 on lymphocytes,
CD4+ T-cells, and CD8+ T-cells of two patients, FLU-066 (a) and
FLU-018 (b), with advanced non-small cell lung cancer (NSCLC). The
baseline for the PD-1 staining was determined using isotype-matched
control. The left panels show histograms of lymphocyte gated cells.
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between the groups for each parameter (Fig. 4c). The changes
in the PD-1+CD4+ high-content group were also significantly
higher than those in the PD-1+CD4+ low-content group at
post-vaccination (P = 0.0016).

Effector memory T-cells are enriched in PD-1+ T-cells. We fur-
ther analyzed the cell surface expression of CD45RA and
CCR7 on PD-1+ T-cell subsets of NSCLC patients (n = 18).
Representative results are shown in Figure 5. The majority of
PD-1+CD4+ T-cells expressed the CD45RA�CCR7� effector-
memory phenotype (median = 75.6%, range 57.2–91.3%), and
the median frequencies of CD45RA�CCR7+ central memory
and CD45RA+CCR7+-na€ıve phenotype cells were 10.4% (5.4–
21.6%) and 7.55% (0.2–19.5%), respectively. In contrast, the
median frequency of CD45RA�CCR7� effector-memory and
CD45RA+CCR7+-na€ıve phenotype cells were respectively
37.7% (19.1–78.4%) and 39.95% (4.5–61.7%) in PD-1�CD4+

T-cells. Similarly, in CD8+ T-cells the effector-memory pheno-
type of cells was dominant (median = 83.85%, 47.9–92.6%) in
PD-1+ cells. Similar results were also obtained from PBMCs

of healthy donors (data not shown). The enrichment of effec-
tor-memory T-cells in PD-1+ T-cells in PBMCs was consistent
with previous reports of healthy donors and HCV ⁄HIV
co-infected patients.(23,24)

Discussion

For the development of new treatment modalities, the
co-development of new biomarkers is important. Particularly
for cancer vaccines, it is crucial to identify appropriate biomar-
kers to predict overall survival, since only some patients will
show clinical benefit. Our previous clinical studies of PPV
indicated that several biomarkers were significantly correlated
with the OS.(8,9,25,26) In the case of NSCLC, a high CRP level
at pre-vaccination and a low frequency of CD26+ T-cells in
the peripheral blood after one vaccination cycle were signifi-
cant biomarkers of unfavorable OS.(9) However, most of these
biomarkers are prognostic but not predictive. The MST of a
phase II study of PPV in 44 patients with refractory NSCLC,

(a) (b) (c)

Fig. 3. Correlation between the relative contents
of PD-1+ T-cell subsets and CTL responses. The CTL
responses were evaluated by IFN-c ELISPOT assay.
The definition of the augmented CTL responses is
described in Materials and Methods. The P-values
were calculated by the Pearson’s v2 test.

(a) (b)

(c) (d)

(e) (f)

Fig. 2. Correlation between the relative contents
of PD-1+ cells and overall survival (OS) was analyzed
by a Kaplan–Meier plot. PD-1 expression on CD4+

(a, c) and CD8+ (b, d) T-cells of the blood samples
obtained from the patients at pre-vaccination (a,
b), or post one cycle-vaccination (c, d) were
analyzed. Kaplan–Meier curve for decrease in the
frequency of PD-1+CD4+ (e) or PD-1+CD8+ (f) T-cells
after one cycle vaccination are also shown. NR, not
reached.
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including 4 stage IIIb, 22 stage IV, and 15 recurrent, was
304 days, with a 1-year survival rate of 42%.(9) These results
are equal or superior to those of previous reports with MSTs
of 6–8 months.(9) If appropriate predictive biomarkers are
identified, the clinical efficacy of PPV might be improved.
We have demonstrated in this study that relatively high con-

tents of PD-1+CD4+ T-cells against total lymphocytes of blood
samples obtained before and after a vaccination cycle and a
decrease in PD-1+CD8+ T-cells after a vaccination cycle were
correlated with longer OS. Among them, high contents of
post-vaccination PD-1+CD4+ T-cells and a decrease in
PD-1+CD8+ T-cells were correlated to high contents of CD26+

T-cells, in contrast, no significant correlation was observed
between the CRP levels and the contests of PD-1+ T-cell sub-
sets (data not shown). A similar correlation, between a high
frequency of PD-1+CD4+ T-cells in pre-treatment blood sam-
ples and prolonged OS, was reported in a clinical study of
prostate GVAX plus ipilimumab (anti-CTLA-4) in patients

with metastatic castration-resistant prostate cancer.(27) Expres-
sion of PD-1 on peripheral blood T-cells of patients with
malignant tumor has been reported.(16,20–22) Most of the previ-
ous reports suggested that PD-1 is a marker of exhausted
T-cells, and some of these reports described the dysfunction of
tumor-infiltrating PD-1+CD8+ T-cells. However, the functional
difference between PD-1+ and PD-1� T-cells in the peripheral
blood has not been clarified satisfactorily. Follicular helper T-
cells (Tfh) have recently been identified and those surface
phenotype is CXCR5+PD-1highCD4+.(28) Only a small part of
PD-1+CD4+ cells found in this study expressed CXCR5, sug-
gesting these cells are different from Tfh (Fig. S1). If PD-1 is
a marker of exhausted T-cells in the peripheral blood, it is
hard to explain why the increased frequency of PD-1+CD4+

T-cells in the peripheral blood correlated with better prognosis
in patients with NSCLC. Duraiswamy et al.(23) analyzed the
phenotype, function, and gene expression of PD-1+CD8+

T-cells and concluded that most PD-1highCD8+ T-cells in

(a)

(b)

(c)

Fig. 4. (a) The correlation between the relative
contents of PD-1+ T-cell subsets and the IgG
response to the peptides used for vaccination was
analyzed. Changes in the sums of IgG scores after
one cycle of vaccination were compared between
the two groups for each parameter. (b) The
number of non-vaccinated peptides with
augmented IgG responses after one cycle of
vaccination was compared between the two groups
for each parameter. (c) Changes in sums of scores
of IgG against non-vaccinated peptides after one
cycle of vaccination were compared between two
groups for each parameter. P-values were
calculated by ANOVA.

Fig. 5. Cell surface expression of CD45RA and
CCR7 on PD-1 T-cell subsets of non-small cell lung
cancer (NSCLC) patients were analyzed.
Representative data are shown.

Cancer Sci | October 2014 | vol. 105 | no. 10 | 1233 © 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.

Original Article
www.wileyonlinelibrary.com/journal/cas Waki et al.



healthy adult humans are effector memory cells rather than
exhausted cells. In the present study, we analyzed the pheno-
types of PD-1+ T-cells in the peripheral blood and found that
the majority of PD-1+CD4+ and PD-1+CD8+ T-cells expressed
the CD45RA�CCR7� effector-memory phenotype. Effector-
memory T-cells are home to peripheral tissues and can rapidly
produce effector cytokines such as IFN-c upon antigenic stim-
ulation.(29) Therefore, PD-1+ T-cells observed in the peripheral
blood of patients with NSCLC may not be exhausted or toler-
ant T-cells. Our preliminary study using anti-PD-L1 blocking
antibody also supported this possibility. Namely, anti-PD-L1
antibody augmented the anti-CD3 ⁄CD28-induced IFN-c
response of PD-1+ tumor-infiltrated T-cells (TILs) of NSCLC
patients, suggesting that the activation of PD-1+ TILs is sup-
pressed by the PD-1 ⁄PD-L1 pathway. In contrast, the addition
of anti-PD-L1 was less effective in such a stimulation induced
IFN-c response of PD-1+ peripheral blood T-cells from the
same donor, although PD-L1 was similarly expressed in both
TILs and PBMCs (Fig. S2). Another explanation of the corre-
lation between an increased frequency of PD-1+CD4+ T-cells
in the peripheral blood and better prognosis is the different
distribution of PD-L1 in the peripheral lymph nodes and can-
cer tissues. It is well known that PD-L1 expression is upregu-
lated in most cancer tissues. It is unknown whether PD-1 on
CD4 helper T-cells supplies a negative signal at lymph nodes
in which PD-L1 is not upregulated, and PD-1+ regulatory
T-cells may suppress its function at tumor sites where PD-L1
is upregulated. If PD-1+ T-cells function as effector memory
T-cells, it is hard to explain why the decrease in PD-1+CD8+

T-cells after vaccination correlates to longer OS. One possibil-
ity is the vaccination regimen used in this study induced the
efficient recruitment of PD-1+CD8+ T-cells into the tumor
region, resulting in a decrease in the cell population in periph-
eral blood. Indeed, increased infiltration of CD8+ T-cells into
the tumor region had been confirmed in vaccinated patients
with prostate cancer.(30) Further precise studies are needed to
clarify these issues.
We showed that IgG response correlated to high content of

PD-1+CD4+ T-cells, which in turn correlated to good progno-
sis, and that CTL response did not correlate to any PD-1+

T-cell parameters. However, CTL response rather than IgG
response was the good marker of OS (T. Yamada et al., in

preparation). Dissociation between the CTL-response and
PD-1+CD8+ T-cell contents might be due to the low contents
of PD-1+ cells in CD8+ T-cells, in which both the PD-1+ and
PD-1� cells have a potential of CTL. The present study
included patients treated with vaccine monotherapy or a com-
bination of vaccination with chemotherapy or molecular target-
ing therapy; these therapies might affect the CTL response as
well as PD-1 expression and prognosis. To clarify these issues,
further study using segment analysis with large numbers of
patients is needed.
Many clinical trials of anti-immune checkpoint antibodies

and antagonists are now under way.(31,32) In the case of PD-1,
clinical studies of several anti-PD-1 antibodies were conducted
in patients with various malignant tumors including
NSCLC.(33–38) All of those studies found that these anti-PD-1
antibodies were tolerable and showed promising clinical bene-
fits. The combination of cancer vaccines and immune check-
point blockades will become a new trend in cancer
immunotherapy.(31,32) PD-1 as well as other checkpoint mole-
cules on peripheral blood T-cells become target molecules in
combination therapy. Thus the expression of PD-1 on T-cells
may provide different predictions in combination therapy.
In conclusion, we found that the relatively high contents of

PD-1+CD4+ T-cells in the peripheral blood, as well as the
decrease inPD-1+CD8+ T-cells after vaccination, were corre-
lated with longer OS. These results suggest that PD-1 expres-
sion in peripheral blood T-cell subsets will become a new
prognostic marker for NSCLC patients treated with personal-
ized peptide vaccination.
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Supporting Information

Additional supporting information may be found in the online version of this article:

Fig. S1. CXCR5+PD-1+CD4+ T-cells are minor population and did not increase in PD-1+CD4+ high case.

Fig. S2. (a) PD-L1 expression on PBLs and TILs from the same patient with NSCLC. (b) Anti-PD-L1 antibody augmented the CD3 ⁄CD28-
bead-induced IFN-c response of TILs, but not of PBLs.

Table S1. Univariate and multivariate analysis of PD-1+ T-cell contents with OS.
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