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ABSTRACT
◥

We evaluated the efficacy and safety of TAS0313, a multi-epitope
long peptide vaccine, plus pembrolizumab in post-chemotherapy
immune checkpoint inhibitor—naïve patients with locally advan-
ced/metastatic urothelial carcinoma (la/mUC). TAS0313 9 mg was
administered subcutaneously followedbypembrolizumab200mgon
Day 1, and as monotherapy on Day 8 and 15 of Cycles 1 and 2, and
Day 1 of subsequent cycles in 21-day cycles. The primary endpoint
was the objective response rate (ORR). Secondary endpoints includ-
ed progression-free survival (PFS), overall survival (OS), and safety.
Biomarkers of response were assessed. In 36 patients enrolled, the
ORR was 33.3% (complete response: 7 patients; partial response: 5
patients). Median PFS was 5.0 months; 6- and 12-month progres-
sion-free rates were 46.4% and 36.5%, respectively. Median OS was
not reached; 6-, 12-, and 24-month OS rates were 83.3%, 72.2%, and

55.1%, respectively. In post hoc analysis, patients with a tumor
infiltrating CD8þ lymphocyte (CD8þ TIL) count ≥99 and/or pro-
grammed cell death ligand 1 (PD-L1) combined positive score
(CPS) ≥50 and lymphocyte count >1,380 cells/mL had higher ORRs
and prolonged PFS versus patients with a CD8þ TIL count <99,
PD-L1 CPS <50, and lymphocyte count ≤1,380 cells/mL. Thirty-four
(94.4%) patients receiving combination therapy experienced treat-
ment-related adverse events (AE), with pyrexia (n ¼ 15, 41.7%),
injection-site reactions (n ¼ 15, 41.7%), injection-site induration
(n ¼ 6, 16.7%), and malaise (n ¼ 6, 16.7%) the most common.
No grade ≥3 treatment-related AEs occurred in ≥10% of patients.
TAS0313 plus pembrolizumab combination therapy showed
promising efficacy and manageable safety in la/mUC.

Clinical Trial Registration: JapicCTI-183824.

Introduction
The prognosis for patients with locally advanced or metastatic

urothelial carcinoma (la/mUC) is poor, with median time to disease
progression of 7.7 months despite first-line platinum-based chemo-
therapy (1). For mUC, current National Comprehensive Cancer
Network guidelines recommend immune checkpoint inhibitor (ICI)
monotherapy as second-line therapy, maintenance therapy in the first-
line setting, or as first-line therapy in patients with programmed cell

death protein 1 (PD-1)-positive disease or those who are ineligible for
cisplatin or other platinum-based therapies (2). Although impressive
antitumor responses are achieved with anti–PD-1/programmed
death-ligand 1 (PD-L1) monotherapy in approximately 17% to 23%
of cases (3–7). a significant proportion of patients either fail to respond
or lose response over time (8, 9). Novel therapies and/or combinations
that enhance the effectiveness of existing therapies are therefore
required to improve patient outcomes.

Cancer peptide vaccines are a novel type of cancer immunotherapy
that exert their antitumor effect via induction of cytotoxic T lympho-
cytes (CTL) reactive to known tumor-associated antigens (TAA). To
date, a number of clinical studies have been conducted using short
peptide vaccines, which have demonstrated partial efficacy in urothelial
carcinoma (UC) and glioblastoma (10–12). However, response rates
have been low (3%; ref. 13) for several reasons including insufficient
immunogenicity of the short peptides (14), CTL dysfunction following
accumulation at the antigen-rich injection site, and human leukocyte
antigen (HLA) restriction, inducing unfavorable antigen presentation
from nonprofessional antigen presenting cells (14).

To overcome the obstacles associatedwith existing peptide vaccines,
an investigational cancer immunotherapeutic vaccine, TAS0313, has
been developed that comprises three long peptides (TAS0314,
TAS0315, and TAS0316) with a total of 12 CTL epitope peptides
restricted by HLA-A24, A2, and A3-supertype (Supplementary
Table S1). These peptides are derived from 8 TAAs highly expressed
in multiple cancer types, including UC (15). A first-in-human phase
I/II clinical study of TAS0313 has recently been conducted in patients
with advanced solid tumors. In the phase I dose-finding portion of the
study, the safety, tolerability, and induction of immune responses was
confirmed (16).

Here, we report the results from Cohort C1 of the aforementioned
phase I/II clinical study (16), evaluating the efficacy and safety of
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TAS0313 in combination with pembrolizumab in patients with
la/mUC without prior exposure to ICIs.

Materials and Methods
Study design and treatment

This was a phase I/II open-label, non-randomized, multicenter
study to evaluate the safety, tolerability, and efficacy of TAS0313 in
patients with solid tumors. The study design consisted of four cohorts:
a dose-finding cohort (Cohort A; ref. 16); a efficacy-finding cohort
(Cohort B; ref. 17) and two further cohorts, in which the efficacy and
safety of TAS0313 and pembrolizumab combination therapy was
evaluated in patients with UC without (Cohort C1) and with (Cohort
C2) prior exposure to ICIs. Here, we present the results from Cohort
C1.

The primary objective was to evaluate the efficacy of TAS0313 and
pembrolizumab combination therapy in patients with la/mUC who
were naïve to ICIs. A secondary objective was to evaluate the safety of
TAS0313 and pembrolizumab combination therapy, which was eval-
uated in patients with la/mUC without prior exposure to ICIs. As part
of the safety assessment, an initial safety evaluation was also conducted
in patients with or without prior exposure to pembrolizumab. Explor-
atory objectives included the assessment of peptide-specific CTL,
peptide-specific immunoglobulin G (IgG), and tumor infiltrating
CD8þ lymphocyte (CD8þ TIL) counts. mRNA expression levels of
target TAA, and protein expression levels of PD-L1 in tumor tissue
samples were also assessed.

TAS0313 (Supplementary Table S2) 9 mg was mixed with an
adjuvant, Montanide ISA 51 VG and administered subcutaneously
near the lymph node onDays 1, 8, and 15 of Cycles 1 and 2, and onDay
1 of subsequent cycles in 21-day cycles (16). Pembrolizumab was
administered intravenously following TAS0313 treatment at a dosage
of 200 mg on Day 1 of Cycle 1 and each subsequent cycle in 21-day
cycles, per the package insert (18). The next cycle had to be started by
day 43 at the latest.

The study was conducted in accordance with ethical principles of
the Declaration of Helsinki, the International Council for Harmonisa-
tion Harmonised Tripartite Guideline for Good Clinical Practice, and
the Institutional Review Board (IRB) regulations. All patients or their
legally accepted representative provided written informed consent to
participate in the study.

Patients
Patients aged ≥20 years were eligible for enrollment if they had:

histologically or cytologically confirmed UC of the bladder, renal
pelvis, ureter, or urethra that showed predominantly transitional-
cell features; ≥1 measurable lesion based on RECIST criteria (19) by
imaging; HLA-A�02:01, HLA-A�02:06, HLA-A�02:07, HLA-A�11:01,
HLA-A�24:02, HLA-A�31:01, or HLA-A�33:03 allele type; received
prior standard therapy including a platinum agent for unresectable
la/mUC, or standard pre- or postoperative adjuvant therapy including
a platinum-based therapy for localized muscle-invasive UC, with
recurrence or progressive disease (PD) confirmed ≤12 months fol-
lowing treatment cessation; received ≤2 prior chemotherapy regimens;
an Eastern Cooperative Oncology Group Performance Status (ECOG
PS) of 0 or 1; adequate hematologic (absolute neutrophil count of
≥1,500/mm3; hemoglobin value of ≥9.0 g/dL; platelet count of
≥100,000/mm3), renal [serum creatinine ≤1.5� upper limit of normal
(ULN) or creatinine clearance of ≥30 mL/min], and liver (aspartate
aminotransferase and alanine aminotransferase ≤3 � ULN, total
bilirubin ≤1.5 � ULN) function; a life expectancy of ≥3 months.

Outcome measures
Efficacy

The primary endpointwas the objective response rate [ORR; defined
as the proportion of patients achieving complete response (CR) or
partial response (PR)], as per RECIST v1.1 (19). Other efficacy end-
points included the disease control rate (DCR), duration of response
(DOR), progression-free survival (PFS), and overall survival (OS), as
per RECIST v1.1 and immune-related RECIST (iRECIST) criteria (20).

The survival follow-up continued until 18 months after the enroll-
ment of the last subject. On April 22, 2022, all subjects completed
follow-up for efficacy endpoints, including OS.

Tumor imaging was conducted at baseline, Week 9, and every
6weeks thereafter, with assessments conducted by independent central
radiologic review.

Immunologic analysis
CTL epitope peptide-specific CTL counts and peptide-specific IgG

antibody concentrations were measured from blood samples collected
before TAS0313 treatment, and at Day 22 of Cycle 2 and Cycle 3. CTL
induction was defined as an increase in CTL count of ≥210 after
TAS0313 administration compared with baseline. Human HLA-
A�03:01 cDNA andHumanHLA-A�24:02:01 cDNA for establishment
of antigen presenting cells for CTL detection were provided by the
RIKEN BRC through the National Bio-Resource Project of theMEXT,
Japan (21). Detailed methodology regarding the collection and pro-
cessing of blood and tissue samples for biomarker analysis has been
published previously (16). IgG inductionwas defined as an elevation in
IgG of ≥30% to at least one epitope after TAS0313 administration
compared with baseline. CD8þ TIL count and protein expression
levels of PD-L1 were measured from formalin-fixed, paraffin embed-
ded (FFPE) tumor tissue samples before TAS0313 treatment (man-
datory), and at Day 22 of Cycle 2 (optional).

mRNA expression levels of target TAA and HLA-A were measured
using nCounter method from FFPE tumor tissue samples before
TAS0313 treatment.

Safety
Safety was a secondary endpoint, and was assessed in patients

without prior exposure to ICIs as well as the initial safety-evaluable
population (see Initial Safety-Evaluable Patients’ Section for additional
details), which included patients without prior exposure to ICIs and
with prior exposure to pembrolizumab.

Safety assessments in patients without prior exposure to ICIs
included the incidence of adverse events (AE), including serious AEs,
treatment-related AEs, and laboratory variables. Adverse events were
evaluated and categorized by system organ class (SOC) and preferred
term using the Medical Dictionary for Regulatory Activities version
23.1, and their severity graded according to the CommonTerminology
Criteria for Adverse Events, version 4.03.

Data were also collected on vital signs, body weight, laboratory
variables, and 12-lead electrocardiogram findings.

Initial Safety-Evaluable Patients: The first 6 patients, or 12 patients
(if an additional 6 patients were enrolled) who received TAS0313 and
pembrolizumab combination treatment, irrespective of whether they
were ICI-naïve or whether they had prior exposure to pembrolizumab,
were evaluated for treatment-relatedAEs thatmet the safety evaluation
criteria.

If 2 of 6 patients experienced a treatment-related AE that
met the initial safety evaluation criteria below, 6 patients were
enrolled. If ≥3 of 6 patients, or ≥4 of 12 patients, experienced a
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treatment-related AE that met the initial safety evaluation criteria,
the study was discontinued.

Initial Safety Evaluation Criteria: The safety evaluation criteria for
hematologic toxicity included: (i) anyGrade 4 hematologic toxicity; (ii)
Grade 3 thrombocytopenia associated with clinically significant bleed-
ing; (iii) febrile neutropenia (absolute neutrophil count <1,000/mm3

with a single body temperature of >38.3�C or sustained fever of ≥38�C
for >1 hour); (iv) anemia requiring blood transfusion; or (v) throm-
bocytopenia requiring blood transfusion.

Safety evaluation criteria for nonhematologic toxicity were: (i) any
Grade 4 nonhematologic toxicity; (ii) any Grade 3�4 nonhematologic
toxicity (except Grade 3 fatigue lasting ≤3 days; Grade 3 diarrhea,
nausea, or vomiting in the absence of symptomatic treatment with
anti-emetics or anti-diarrheals; Grade 3 rash in the absence of symp-
tomatic treatment with corticosteroids or anti-inflammatory drugs;
(iii) Grade 3�4 nonhematologic laboratory value if clinically signif-
icant medical intervention is required, or the abnormality leads to
hospitalization, persists for >7 days, or results in a drug-induced liver
injury; (iv) inability to start treatment within 14 days from the
scheduled Day 1 of Cycle 2, or ≥2 doses are skipped, due to treat-
ment-related toxicity; (v) any Grade 5 toxicity.

Statistical analysis
Efficacy endpoints were evaluated using the full analysis set (FAS),

which comprised all enrolled patients who met the eligibility criteria
and received ≥1 dose of study drug. With the exception of the initial
safety evaluation, safety analyses were performed using the safety
analysis set, which comprised all patients who received ≥1 dose of
study drug. The pharmacodynamic-evaluable population included all
patients who received≥1 dose of study drug and had relevant data (e.g.,
CTL, IgG, CD8þ TIL) available. The pharmacogenomic-evaluable
population included all patients who received ≥1 dose of study drug
and had relevant data (e.g., mRNAexpression of target TAAandHLA-
A, the analysis of HLA-A typing and protein expression of PD-L1)
available.

In terms of planned enrollment, a maximum of 60 patients was
planned to be registered prior to study initiation. However, following
an amendment to the statistical analysis plan during the study, a total
of 36 patients were analyzed. At a threshold response rate of 15%, an
expected response rate of 35% and a one-sided significance level of 5%,
the power was 86% for 36 patients. The threshold response rate was
determined on the basis of the lower limit of the 95% confidence
interval (CI) in the phase III KEYNOTE�045 study (3). The null
hypothesis was rejected and TAS0313 was judged to be effective when
more than 10 of 36 patients responded.

Baseline demographics were summarized using descriptive statistics,
with median (min�max) calculated for continuous variables, and the
frequency number and proportion calculated for categorical variables.

Time-to-event analyses (PFS, 6- and 12-month progression-free
rate, and 6-, 12-, and 24-month OS rates) were summarized using the
Kaplan–Meier method with 95% CI, HR and two-sided 95% CI based
on a Cox model and P values were calculated by log rank test. P values
of ORR and DCR were calculated by Fisher exact test.

ROC were constructed as a post hoc analysis to evaluate the effect of
CD8þ TIL and/or PD-L1 combined positive score (CPS), and lym-
phocyte count, on ORR and DCR, with PR and CR represented as
“positive” and SD and PD represented as “negative” responses.

The CTL cut-off value for our study was defined as þ3 standard
deviations above the pre-treatment mean for the negative control
samples across all enzyme-linked immunospot (ELISPOT) assays.

The frequency of AEs was summarized descriptively overall and for
each individual event (by SOC and preferred term).

All statistical analyses were performed using SAS software version
9.4 (SAS Institute, Cary, NC).

Results
Patient disposition and baseline characteristics

A total of 36 patients were enrolled between May 7, 2019 and May
26, 2020. All (100.0%) patients met the eligibility criteria and received
≥1 dose of study drug and comprised the FAS and safety analysis set,
respectively. Among the FAS, 36 (100.0%) patients discontinued
treatment with TAS0313. The primary reason for treatment discon-
tinuation was PD (n ¼ 20, 55.6%). Other reasons included next cycle
treatment delays of more than 21 days (n ¼ 5, 13.9%), AEs (n ¼ 3,
8.3%), completion of ≥35 treatments of pembrolizumab (n ¼ 4,
11.1%), investigator decision (n ¼ 3, 8.3%), and recurrent Grade 2
pneumonitis (n ¼ 1, 2.8%). Baseline demographic and clinical char-
acteristics of patients in the FAS are presented in Table 1.

Treatment
Themedian [interquartile range (IQR)] number of treatment cycles

was 7.5 (4.0�11.5), the median (IQR) treatment duration was 161.0
(106.0�284.5) days, and the median (IQR) total administered dose of
TAS0313 and pembrolizumab was 103.5 (72.0�139.5) mg and 1,500.0
(800.0�2,200.0) mg, respectively.

Efficacy
Clinical responses with TAS0313 treatment are summarized in

Supplementary Table S3. The ORR (95% CI) in the FAS was 33.3%
(18.6�51.0), including CR in 7 (19.4%) patients and PR in 5 (13.9%)
patients, according to RECIST. As the lower limit of the CI exceeds the
threshold response rate (15%), the null hypothesis was rejected at a
one-sided significance level of 0.05, and the primary endpoint of the
study was met. Stable disease was confirmed in a further 12 (33.3%)
patients according to RECIST, and the DCR (95% CI) was 66.7%
(49.0–81.4). No difference in response rates were observed when
analyzed according to iRECIST criteria. On the basis of the results
of the post hoc ROC analyses, a cut-off value of ≥99 for CD8þ TILs
(Supplementary Fig. S1A) and ≥50 for PD-L1 CPS (Supplementary
Fig. S1B) as well as a cut-off value of >1,380 cells/mL for lymphocyte
count (Supplementary Fig. S1C) were identified as predictive markers
for response.

A scatter plot showing the distribution of response by baseline
CD8þ TIL and PD-L1 CPS category is presented in Fig. 1. The ORR
was 57.1% (95% CI, 28.9�82.3) in patients with a baseline CD8þ TIL
count ≥99 and/or PD-L1 CPS ≥50, and 19.0% (95% CI, 5.4�41.9) in
patients with a baseline CD8þTIL count <99 and PD-L1CPS <50 (P¼
0.031). The DCR was 78.6% (95% CI, 49.2�95.3) in patients with a
baseline CD8þTIL count≥99 and/or PD-L1CPS≥50, and 61.9% (95%
CI, 38.4�81.9) in patients with a baseline CD8þ TIL count <99 and
PD-L1 CPS <50 (P ¼ 0.461; Supplementary Table S3). The ORR was
53.8% (95%CI, 25.1�80.8) in patients with a lymphocyte count>1,380
cells/mL, and 21.7% (95% CI, 7.5�43.7) in patients with a lymphocyte
count ≤1,380 cells/mL (P ¼ 0.071). The DCR was 84.6% (95% CI,
54.6�98.1) in patients with a lymphocyte count >1,380 cells/mL, and
56.5% (95%CI, 34.5�76.8) in patients with a lymphocyte count≤1,380
cells/mL, (P¼ 0.143; Supplementary Table S3). Therewas no difference
in response by lesion site.

Kaplan–Meier estimates of PFS in the FAS and by baseline PD-L1
CPS and lymphocyte count are presented in Fig. 2. Median PFS (95%
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CI) was 5.0 (2.4–14.2)months. Themedian PFSwas 26.4months (95%
CI, 2.3 months–NE) in patients with a baseline CD8þ TIL count ≥99
and/or PD-L1 CPS ≥50, and 3.7 months (95% CI, 2.1–10.4 months) in
patients with a baseline CD8þ TIL count <99 and PD-L1 CPS <50,

(HR, 0.350; 95% CI, 0.135–0.910; P ¼ 0.024). The median PFS was
18.7 months (95% CI, 3.7 months–NE) in patients with a lymphocyte
count >1,380 cells/mL, and 3.5 months (95% CI, 2.1–10.4 months) in
patients with a lymphocyte count ≤1,380 cells/mL, (HR, 0.427; 95%CI,
0.174–1.048; P ¼ 0.055; Fig. 2B and C).

Median OS (95% CI) in the FAS was not reached, and 72.2%
(54.5�84.0) of patients were alive at 12 months (Fig. 3A). Themedian
OS was not reached (95% CI, 10.7 months–NE) in patients with a
baselineCD8þTIL count≥99 and/or PD-L1CPS≥50, and 18.8months
(95%CI, 10.8months–NE) in patients with a baseline CD8þTIL count
<99 and PD-L1 CPS <50, (HR, 0.304; 95%CI, 0.086–1.072; P¼ 0.050).
ThemedianOSwas not reached (95%CI, 10.5months–NE) in patients
with a lymphocyte count >1,380 cells/mL, and 20.2 months (95% CI,
10.8months–NE) in patients with a lymphocyte count ≤1,380 cells/mL,
(HR, 0.635; 95% CI, 0.223–1.808; P ¼ 0.391; Fig. 3B and C).

Peptide-specific CTL and IgG induction occurred in 15/34 (44.1%)
patients and 35/35 (100.0%) patients respectively, following TAS0313
administration, confirming the immune activity of TAS0313. No clear
correlation between peptide-specific immune response and efficacy
was observed.

Safety
Tolerability and safety of TAS0313 and pembrolizumab combina-

tion treatment was confirmed in 6 patients (who received prior
pembrolizumab treatment) enrolled in the initial safety evaluable
population. Of these, 1 patient developed a treatment-related AE
(respiratory failure) that met the prespecified initial safety evaluation
criteria.

The incidence of AEs and treatment-related AEs occurring during
TAS0313 and pembrolizumab combination treatment are presented in
Supplementary Table S4; Supplementary Table S5, respectively. A total
of 34 (94.4%) patients experienced treatment-related AEs during the
study, 14 (38.9%) of which were grade ≥3 in severity. The most
common (≥10%) treatment-related AEs by preferred term were
pyrexia and injection site reactions [n ¼ 15 each (41.7%)] followed
by injection site induration and malaise [n ¼ 6 each (16.7%)].
Dermatologic injection site reactions (n ¼ 25, 69.4%) were a notable
AE, consisting of injection site reaction (n ¼ 15, 41.7%), injection site
induration (n ¼ 6, 16.7%), injection site pruritus (n ¼ 4, 11.1%),
injection site pain (n ¼ 3, 8.3%), injection site ulcer (n ¼ 3, 8.3%),
injection site abscess (n ¼ 1, 2.8%), injection site erythema (n ¼ 1,

Table 1. Demographic and baseline clinical characteristics.

FAS
(N ¼ 36)

Age, years, median (min, max) 71.0 (52.0, 84.0)
Age, years, category

<65 10 (27.8)
≥65 26 (72.2)

Sex
Male 31 (86.1)

ECOG PS
0 28 (77.8)
1 8 (22.2)

Smoking status
Current 2 (5.6)
Former 27 (75.0)
Never 7 (19.4)

Histologic type
Pure transitional cell 25 (69.4)
Predominantly transitional cell 11 (30.6)

Cancer type
Bladder 16 (44.4)
Renal pelvis 14 (38.9)
Ureter 6 (16.7)

Bellmunt risk factor scorea

0 13 (36.1)
1 14 (38.9)
2 3 (8.3)
≥3 6 (16.7)

History of surgery 32 (88.9)
Previous platinum therapy

Cisplatin 23 (63.9)
Carboplatin 12 (33.3)
Nedaplatin 1 (2.8)

Previous systemic drug therapies
Neoadjuvant 7 (19.4)
Adjuvant 12 (33.3)
Advanced/metastatic 25 (69.4)
Maintenance 1 (2.8)
Intravesical infusion 5 (13.9)
Other 0

HLA-A Type
HLA-A�02:01 7 (19.4)
HLA-A�02:06 5 (13.9)
HLA-A�02:07 3 (8.3)
HLA-A�11:01 4 (11.1)
HLA-A�24:02 24 (66.7)
HLA-A�31:01 10 (27.8)
HLA-A�33:03 4 (11.1)
Other 9 (25.0)

Tumor PD-L1 CPS, 10% cutoff
<10% 18 (51.4)
≥10% 17 (48.6)

Note: Data presented as n (%) unless otherwise specified.
Abbreviations: CPS, combined positive score; HLA, human leukocyte antigen;
ECOG PS, Eastern Cooperative Oncology Group Performance Status.
aBellmunt risk factor is defined according to the number of following criteria that
aremet: 1) ECOGPS >0; 2) Hemoglobin <10 g/dL at baseline; 3) Presence of liver
metastasis; 4) Time from prior chemotherapy <3 months.

Figure 1.

Scatter plot of best overall responsewith TAS0313 by baseline tumor-infiltrating
CD8þ lymphocyte and PD-L1 CPS.
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Figure 2.

Kaplan–Meier estimate of PFS (A) in the FAS and by (B) baseline tumor-
infiltrating CD8þ lymphocyte level CPS and (C) lymphocyte count -
(Independent Central Radiological Review)
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Figure 3.

Kaplan–Meier estimate of OS (A) in the FAS and by (B) baseline tumor-
infiltrating CD8þ lymphocyte level CPS and (C) lymphocyte count -
(Independent Central Radiological Review)
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2.8%), injection site infection (n¼ 1, 2.8%), and injection site swelling
(n ¼ 1, 2.8%). No grade 4 treatment-related AEs occurred. The only
grade 3 treatment-related AE that occurred in >1 patient was adrenal
insufficiency [n ¼ 2 (5.6%)]. No dose interruptions occurred due to
AEs. Three (8.3%) patients discontinued treatment-related AEs
[Grade 3 febrile neutropenia (n ¼ 1); Grade 3 rash (n ¼ 1); recurrent
Grade 2 pneumonitis (n¼ 1)]. Three (8.3%) patients failed to start the
next cycle by Day 43 of each cycle because physicians determined
TAS0313 and pembrolizumab administration needed to be delayed
due to treatment-related AEs outside of the administration start
criteria [Grade 1 pneumonitis (n ¼ 1); Grade 2 myositis (n ¼ 1),
Grade 2 injection site ulcer (n ¼ 1)].

Tummor-associated antigens and HLA-A expression
Of the 36 patients, expression of the eight target TAAs and HLA-A

were confirmed in all enrolled patients (Supplementary Table S1 and
S2).

Discussion
In this phase I/II open-label study, we report the results of the first

study evaluating the combination of a long-peptide vaccine and an
anti–PD-1 antibody in patients with ICI-naïve la/mUC. The null
hypothesis was set to be rejected when the lower limit of the CI
exceeded the threshold response rate (15%), and the TAS0313 and
pembrolizumab combination was deemed effective in this population.
An ORR of 33.3% was achieved in our study, with 12 responses,
including 7 cases of CR. The median PFS was 5.0 months. The median
OS (95% CI) was not reached, and 72.2% (54.5�84.0) of patients were
alive at 12 months. The ORR, the CR rate, and median PFS and OS in
our study were greater than that reported with pembrolizumab
monotherapy in the KEYNOTE-45 study (21.1%, 7.0%, 2.1 months,
and 10.3months, respectively; ref. 3), and also tended to be greater than
that achievedwith other ICImonotherapies (approximately 13%–21%,
2%�6%, 2 months, and 7�18 months, respectively; refs. 4–7, 22).
Surprisingly, the clinical outcome of this trial appears to be comparable
with the results achieved with a recently reported highly immunogenic
personalized neoepitope peptide vaccine plus pembrolizumab trial in a
bladder cancer cohort (22). The DOR in the pembrolizumab single-
agent KEYNOTE-045 study was 29.7 months (23), while the DOR in
our study was 22.8 months, showing a trend toward shorter DOR. The
difference in follow-up period (20.4 months for the median follow-up
and 62.9 months for the median follow-up of KEYNOTE-045) should
be taken into consideration, but further study is needed. Nevertheless,
our results demonstrate the efficacy and safety of TAS0313 in com-
bination with pembrolizumab and suggest that TAS0313 may have an
advantage as a highly effective off-the-shelf cancer peptide vaccine-
based therapy.

Expression of target TAAs and HLA-A was observed in all patients,
confirming the immune activity of TAS0313. Furthermore, TAS0313
treatment was effective across multiple HLA phenotypes, including
patients with HLA-A02, -A03, -A11, -A24, -A31, and -A33 and no
correlation was observed between HLA phenotype and efficacy,
suggesting that TAS0313 is likely to be effective for a wide range of
patients with solid tumors. Importantly, the most common treatment-
related AEs were dermatologic injection site reactions (n¼ 25, 69.4%)
and pyrexia (n¼ 15, 41.7%) and there did not appear to be an increase
in the incidence of treatment-related AEs compared with pembroli-
zumab alone despite the potent antitumor effect observed (3, 18). No
major safety concerns occurredwith theTAS0313 and pembrolizumab
combination

Of the 34 (94.4%) patients who had CTL levels evaluated before
treatment, 15 (44.1%) experienced CTL induction following TAS0313
treatment. Although satisfactory, the proportion of patients experienc-
ing an increase in CTL counts was lower than that reported with other
cancer peptide vaccines (24, 25). Reasons for this discrepancy may be
partially explained by differences in the assay method used between
studies. To overcome blood sample limitations and accommodate the
numerous types of peptides, we opted to employ a culture of peripheral
blood mononuclear cells (PBMC) expanded for 6 days with a peptide
cocktail, distinguishing our approach from conventional studies that
solely used a single peptide without expanding PBMCs. Further, it
cannot be ruled out that the presence of pembrolizumab may have
interfered with the sensitivity of epitope peptides (comprising
TAS0313)-specific CTL detection, because ICI will be able to activate
both cancer-associated antigen specific and non-specific T cells.

In terms of the prognostic biomarker analysis, patients with a high
baseline CD8þTIL count, PD-L1CPS, or lymphocyte count at baseline
experienced superior responses and prolonged PFS compared with
patients with a low baseline CD8þ TIL, PD-L1 CPS, or lymphocyte
count, consistent with the results of the phase I dose-finding cohort
(Cohort A) of TAS0313 monotherapy and below reports (16). In the
KEYNOTE-045 study (3), the PFS was similarly prolonged among
patients with a PD-L1 CPS ≥10% at baseline compared with a PD-L1
CPS <10%. In another study of patients treated with pembrolizumab
monotherapy for UC, a higher median CD8þ TIL at baseline was
associated with longer cancer-specific survival (HR, 0.068; 95% CI,
0.01�0.57) and DOR compared with low median CD8þ TIL at
baseline (26). The results of this study were indicating that a high
CD8þTIL count and/or PD-L1CPS, and lymphocyte count at baseline
may serve as useful biomarkers of response to combination therapy. In
addition, OS tended to be prolonged in patients with high baseline
CD8þTIL counts andPD-L1CPS. Conversely, therewas no significant
difference in OS between high and low baseline lymphocyte counts.
This may be due to the protocol criteria for discontinuation of OS
follow-up, in which many patients were censored and a longer follow-
up period was necessary to obtain accurate data.

The additive and synergistic effects of therapeutic cancer peptide
vaccines and ICIs have been demonstrated in a number of preclinical
and clinical studies (27–30). Specifically, our previous preclinical study
demonstrated that the combination therapy using TAS0314 and PD-1
blockade enhanced the number of tumor infiltrating TAS0314-
induced epitope-specificCTLs comparedwith eachmonotherapy (27).
On the basis of the preclinical data and previous clinical trial results,
TAS0313 may increase the efficacy of ICIs favoring the transition of
immunologically cold tumors into immunologically hot tumors. In
turn, ICIs may increase the efficacy of the TAS0313 vaccine via
inhibition of immunosuppressive regulatory signaling associated with
immune system evasion, thereby increasing the magnitude of vaccine-
mediated T-cell responses.

Because we could not perform serial biopsy in this study, we cannot
discuss the relationship between changes in CD8þTIL and PD-L1CPS
expression and drug efficacy. However, when the tumor microenvi-
ronment was in a favorable state for CTL infiltration and/or PD-L1
CPS before drug treatment, TAS0313-inducedCTL also infiltrated into
tumors (16, 27), potentially providing a greater clinical benefit to the
patients. More detailed immunologic studies are needed to explain the
high combined efficacy of TAS0313 and PD-1 blockade in future
clinical trials.

Other limitations of the study included the relatively small sample
size (n¼ 36), and potential lack of generalizability of the findings due
to differences in HLA type between Japanese and other races (31).
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Further, patient background factors (such as CPS) are different
compared with previous studies (3). An independent control arm was
also not included due to the preliminary nature of the study, making
comparisons difficult. The promising efficacy and manageable safety
profile observed in this study support the use of TAS0313 in combi-
nation with pembrolizumab, although confirmation in a larger, ran-
domized controlled study is warranted.

Ethics approval and consent to participate
The clinical study protocol, investigator’s brochure, sample

informed consent form, and other study-related documents were
reviewed and approved by the IRBs of all study sites. Each investigator
conducted the study according to applicable local or regional regula-
tory requirements and in accordance with the ethical principles of the
Declaration of Helsinki, the International Council for Harmonisation
Harmonised Tripartite Guideline for Good Clinical Practice, and IRB
regulations.

All patients or their legally accepted representative provided written
informed consent to participate in the study.

Data availability
The results of Cohort C2 have been previously reported at the

American Society of Clinical Oncology 2021 annual meeting.
This manuscript is intended to submit the results of Cohort C1. As

the initial safety evaluation could not be confirmed in C1, initial safety
data from Cohort C2 has also been included, with a statement that the
initial safety evaluation in patients with urothelial cancer was con-
ducted in a separate cohort.

Data will be available upon request.
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