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Summary
Background This first-in-human phase 1 study assessed the safety of TAS-114, a novel deoxyuridine triphosphatase inhibitor,
combined with S-1 to determine its maximum tolerated dose (MTD) and recommended dose (RD). Methods In this dose-
escalation study with a 3 + 3 design, TAS-114 and S-1 were concurrently administered orally under fasting conditions at 5–
240 mg/m2 and 30–36 mg/m2, respectively, in patients with advanced solid tumors. Safety, efficacy, and pharmacokinetics (PK)
were evaluated. Results Seventy-six patients were enrolled. TheMTD and RDwere TAS-114 200 mg/m2 plus S-1 36 mg/m2 and
TAS-114 240 mg/m2 plus S-1 30 mg/m2, respectively. Common treatment-related adverse events were anemia,
lymphocytopenia, leukopenia, neutropenia, decreased appetite, rash, nausea, and pigmentation disorder. Partial response (PR)
was observed in 10 patients (non-small cell lung cancer [NSCLC], n = 5; pancreatic neuroendocrine tumor, n = 2; gastric cancer,
n = 2; gallbladder cancer, n = 1). Of these, four patients achieved PR despite prior treatment history with S-1. Patients adminis-
tered TAS-114 exhibited linear PK and CYP3A4 induction, with no effect on the PK of S-1. Conclusion TAS-114 plus S-1
showed tolerable, safe, and potentially effective results. To confirm safety and efficacy, two phase 2 studies are ongoing in
NSCLC and gastric cancer patients. Clinical trial registration ClinicalTrials.gov (NCT01610479) .
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Introduction

Given the complexity and variability of the molecular process-
es that lead to cancer development [1, 2], current cancer ther-
apy is multifaceted. It includes molecular targeted therapy [1],
immune therapy [2, 3], and other specific agents targeting
cellular regulatory factors, oncogenic signalling pathways,
tumor-associated angiogenesis, and host immune responses
[1–3]. Despite these advances, cytotoxic agents still play an
important role in systemic chemotherapy for several tumor
types [4–6].

Currently, fluoropyrimidines are the cornerstone therapy
for different types of cancer, and various efforts to improve
their efficacy have been attempted in the past three decades.
While combined treatment with chemical modulators such as
leucovorin enhanced the clinical efficacy for various tumors
[7], this was limited by intrinsic and acquired resistance [8].
Hence, there is a need for the development of a new, highly
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efficacious combination to maximize the usefulness of
fluoropyrimidine therapy.

Deoxyuridine triphosphatase (dUTPase), a gatekeeper
protein, is an important mediator of the antitumor efficacy
of thymidylate synthase (TS)-targeted agents, such as 5-
fluorouracil (5-FU) [9]. Inhibition of TS by 5-FU leads to
depletion of deoxythymidine triphosphate and elevates
deoxyuridine triphosphate (dUTP) and fluorodeoxyuridine
triphosphate (FdUTP), which are recognized as substrates
by DNA polymerases. Increased dUTP and FdUTP are
misincorporated into DNA instead of deoxythymidine tri-
phosphate. This causes DNA dysfunction, and it is one of
the mechanisms of antitumor activity of 5-FU. dUTPase
catalyzes the conversion of dUTP and FdUTP to
deoxyuridine monophosphate and fluorodeoxyuridine
monophosphate and tightly restricts 5-FU and uracil
misincorporation into DNA. Suppression of dUTPase by
siRNA sensitizes cancer cells to TS-inhibitors [10] and
higher expression of dUTPase in tumors has been associ-
ated with resistance to 5-FU-based chemotherapy [11].
Therefore, dUTPase inhibition aimed at modulating the
DNA misincorporation pathway is an attractive drug target
to enhance the antitumor activity of 5-FU, and it represents
a novel strategy in 5-FU-based chemotherapy.

We have developed TAS-114, a novel oral dUTPase inhib-
itor. While TAS-114 does not have antitumor activity in itself,
it may potentially be used as part of a new treatment strategy
involving 5-FU-based combination chemotherapy to enhance
the antitumor activity of 5-FU through misincorporation of
FdUTP and dUTP into DNA [12–14]. The mechanism of
action of TAS-114 combined with 5-FU is provided in
Supplementary Fig. 1. In preclinical studies, when TAS-114
was combinedwith 5-FU agents such as S-1 or capecitabine, it
enhanced antitumor activity compared with 5-FU alone in
various human cancer xenograft models [15, 16]. Previously,
the first-in-human phase 1 trial of TAS-114 was conducted in
healthy male volunteers to assess its pharmacokinetics (PK)
and safety [14]. TAS-114 had linear PK and a favorable safety
profile with single or multiple dosing.

Here, we aimed to assess the safety of TAS-114 in combi-
nation with S-1, determine its maximum tolerated dose
(MTD) and recommended dose (RD), and evaluate its PK,
biomarker profiles, and preliminary efficacy in patients with
advanced solid tumors.

Methods

Study design and treatment

This was a multicenter, open-label, single-arm, dose-escala-
tion, phase 1 study with a 3 + 3 design. The study was con-
ducted in two parts: a dose escalation phase (Part 1) and an

expansion phase (Part 2). This study was conducted in accor-
dance with Declaration of Helsinki and Good Clinical Practice
guidelines, and it was approved by the institutional review
boards of the participating centers. All patients provided writ-
ten informed consent.

TAS-114 and S-1 were concurrently administered orally
twice daily under fasting conditions for 14 consecutive days
followed by a 7-day rest, comprising a 21-day treatment cycle
until disease progression, unacceptable toxicity, or withdrawal
of consent occurred. In Part 1, the initial doses of TAS-114 and
S-1 were 5 mg/m2 and 30 mg/m2, respectively. The dose of
TAS-114 was set according to pre-clinical studies, which sug-
gested the highest non-severely toxic dose. Dose-limiting tox-
icities (DLTs) at each dose level were assessed before moving
on to the next dose level. The dose of TAS-114 was increased
from 5 mg/m2 to a maximum of 240 mg/m2. Escalation of
100% of the TAS-114 dose was permitted until a dose of
40 mg/m2 was reached, after which dose increments were
allowed in a tapered manner. In Japanese clinical practice, S-
1 is administered at approximately 36 mg/m2 under fed con-
ditions. In the present study, S-1 30 mg/m2 was administered
under fasting conditions in accordance with standard care in
Europe. The dose of S-1 could be increased to a maximum
of 36 mg/m2 once the safety of the TAS-114 240 mg/m2

dose in the S-1 30 mg/m2 cohort was confirmed. When the
dose of S-1 was to be increased, the dose of TAS-114
would be one level lower than the dose that could be safely
administered in combination with 30 mg/m2 of S-1. The
MTD was defined as the dose below the dose level at
which two patients (in a cohort of up to six patients) expe-
rienced a DLT in Cycle 1. In the MTD level cohort, six
patients were required to evaluate safety. DLTs were de-
fined as any of the following treatment-related adverse
events (TRAEs) occurring during Cycle 1: ≥grade 3 non-
hematologic toxicity, ≥grade 3 nausea/vomiting/diarrhea
lasting >48 h and uncontrolled by aggressive medications,
grade 4 neutropenia lasting >7 days, febrile neutropenia,
grade 4 thrombocytopenia or grade 3 thrombocytopenia
associated with bleeding and requiring blood transfusion,
any TRAE that prevented completion of Cycle 1 (< 80% of
planned cumulative dose), or any TRAE resulting in a >
14-day delay in the initiation of Cycle 2. In Part 2, we used
the dose levels determined in Part 1, and multiple doses
could be selected to evaluate the safety and efficacy of
specific levels.

In patients who had adverse events (AEs), a total of two
dose reductions were permitted. No dose escalation was per-
mitted once a dose reduction occurred. Dose reduction and
interruption had to be implemented simultaneously for TAS-
114 and S-1. In case the subsequent cycle was delayed for
more than 3 weeks, study treatment was discontinued.
Additional details are provided in the Supplementary
Information.
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Patient population

Patients aged ≥20 years with histologically or cytologically
confirmed solid tumors in whom the standard or other
standard-equivalent therapy was ineffective or inappropriate
were eligible for the study. In Part 2, patients for whom 5-FU
chemotherapy was indicated were also eligible based on dis-
cussions between the investigator and sponsor. Other inclu-
sion criteria included a life expectancy of ≥3 months, Eastern
Cooperative Oncology Group performance status of 0 or 1,
ability to receive medications orally, measurable or non-
measurable lesions based on the Response Evaluation
Criteria In Solid Tumors (RECIST version 1.1, 2009), and
adequate hematologic, hepatic, and renal functions. Patient
eligibility was confirmed by laboratory investigations within
the 7 days before enrollment, which included aspartate ami-
notransferase or alanine aminotransferase concentrations, total
bilirubin, absolute neutrophil count, platelet count, hemoglo-
bin concentration, and creatinine clearance. Patients were ex-
cluded from the study if they had a severe disease or clinical
condition (e.g., brain metastasis, active infection, heart or gas-
trointestinal diseases, or HIV- or hepatitis C virus-positive
status). Surgery, extended-field radiotherapy, chemotherapy
within 28 days (35 days for mitomycin C), local radiotherapy
within 14 days, or other investigational products within
30 days prior to enrollment were not permitted. Patients who
were receiving treatment known to have interactions with S-1
were excluded.

Safety assessment

Safety assessments were done at screening and then on Days
1, 8, and 15 during the first 6 cycles; Days 1 and 15 for any
subsequent cycles; at end-of-treatment; and at follow-up visits
(30 days after the last administration). In these assessments,
patients were monitored for hematology, serum chemistry,
urinalysis, vital signs and body weight, and Eastern
Cooperative Oncology Group performance status. AEs were
reported at each visit using the verbatim term and coded ac-
cording to the Medical Dictionary for Regulatory Activities
terminology (MedDRA®; MedDRA® trademark is registered
by IFPMA on behalf of ICH). The severity of toxicity was
graded using the National Cancer Institute Common
Terminology Criteria for Adverse Events (Version 4.03).

Efficacy assessment

Tumor evaluation was performed by the investigator accord-
ing to RECIST 1.1. Computed tomography scanning or mag-
netic resonance imaging was performed at baseline and every
42 days from Day 1 of Cycle 1.

Overall response rate (ORR) was the percentage of patients
in whom the best overall response was a complete response

(CR) or partial response (PR) in the analysis set. CR and PR
were assessed 4 weeks after the initial response for confirma-
tion. Progression-free survival (PFS) was the period from the
study enrollment day to the day of progressive disease (PD)
documentation or death by any cause. If post-treatment was
initiated before PD documentation, the period for PFS was
censored on the last day in which progression was not
observed.

PK assessment

To evaluate TAS-114 and S-1 PK parameters, blood samples
were collected on Day 1 in Cycle 1, before and 1, 2, 4, 6, 8,
and 12 h after study drug administration. After the protocol
amendment, blood sampling was added on Days 7 and 14 in
Cycle 1 and Day 1 in Cycle 2, before and 1, 2, 4, 6, 8, and 12 h
after study drug administration to evaluate the effect of
CYP3A4 induction on TAS-114 PK. Similarly, to measure
urine concentrations of cortisol and 6β-hydroxycortisol (6-
OHF) as the indexes of CYP3A4 activity induction, 12-h
urine collections were conducted on Day 0 (before the start
of study drug administration), and after administration in the
morning on Days 1, 7, 14, and 21 in Cycle 1. The concentra-
tions of TAS-114, components of S-1 (tegafur [FT], 5-chloro-
2,4-dihydroxypyridine [CDHP], and potassium oxonate
[Oxo]), and 5-FU (a metabolite of tegafur) were measured in
plasma by validated bioanalytical methods using liquid
chromatography-tandem mass spectrometry at Shin Nippon
Biomedical Laboratories, Ltd., Pharmacokinetics and
Bioanalysis Center (Tokyo, Japan). The concentrations of cor-
tisol and 6-OHF were measured in urine by validated
bioanalytical methods using liquid chromatography-tandem
mass spectrometry at Sumika Chemical Analysis Service,
Ltd. (Osaka, Japan).

Biomarker assessment

Archival tissue samples were obtained from all enrolled pa-
tients who had consented for pharmacogenomics assessment
and formalin-fixed, paraffin-embedded (FFPE) specimens
were created. Protein expression levels of dUTPase, TS,
dihydropyrimidine dehydrogenase (DPD), thymidine phos-
phorylase (TP), and breast cancer 1, early onset (BRCA1) in
FFPE specimens, were determined by immunohistochemistry
by SRL (Tokyo, Japan). Gene expression levels of dUTPase,
TS, DPD, TP, uracil-DNA glycosylase, apurinic/apyrimidinic
endodeoxyribonuclease 1, DNA polymerase beta, BRCA1,
and breast cancer 2 in FFPE specimens, early onset, were
determined by Gentris Corporation (Morrisville, NC, USA)
using quantitative reverse transcription polymerase chain re-
action. Assessment method details are provided in the
Supplementary Information.
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Statistical analysis

No formal sample size calculations were performed. To
obtain preliminary information on the MTD and safety,
we planned a maximum enrollment of 80 patients for
DLT evaluations (Part 1) and a maximum enrollment of
40 patients for the full analysis set (FAS) (Part 2). DLTs
were evaluated based on the patients in Part 1 who experi-
enced DLTs and those who did not experience DLTs but
received ≥80% of the planned total dose of the study drug
in Cycle 1. Safety data were analyzed in patients who re-
ceived at least one dose of TAS-114 and S-1. The efficacy
analysis was based on the FAS, defined as all patients who
received study treatment in Part 1 or Part 2, those who
met all inclusion criteria and none of the exclusion criteria
and provided at least one measured value for efficacy end-
points after the start of study drug administration.

The incidences of AEs and grade ≥3 AEs and the number
of patients with AEs were calculated by event and severity.
ORR and PFS were analyzed in the FAS; 95% confidence
intervals (CIs) were estimated. Summary statistics were pre-
sented by dose level. The estimation of plasma PK parame-
ters was performed using Phoenix WinNonlin Professional
(Version 6.1 or later; Pharsight Corporation, Sunnyvale,
CA, USA) according to the non-compartmental method.

Results

Patients

A total of 76 patients were enrolled at four sites in Japan
between May 2012 and April 2016, of whom all patients
(Part 1, n = 48; Part 2, n = 28) were eligible and received at
least 1 dose of TAS-114 and S-1; 64 and 12 patients were
assigned to the S-1 30 mg/m2 and S-1 36 mg/m2 cohorts,
respectively. Baseline characteristics are listed in Table 1.
The most frequently reported cancer types were pancreatic
cancer (n = 17), non-small cell lung cancer (NSCLC) (n =
16), and colorectal cancer (n = 10). The majority of pa-
tients (74 patients) had received at least one prior chemo-
therapy for metastatic disease, of whom 42 patients were
treated with a 5-FU containing regimen; two patients had
not received any prior chemotherapy for metastatic
disease.

Patient analysis sets are summarized in Fig. 1. Of the 48
patients in Part 1, one patient, who discontinued study
treatment in Cycle 1 due to withdrawal of consent, was
excluded from the DLT evaluation. The FAS comprised
74 patients because two patients discontinued study treat-
ment due to withdrawal of consent before the first tumor
assessment.

Dose escalation, DLTs, MTD, and RD

A summary of dose escalation and DLTs is shown in Table 2.
Forty-seven patients in Part 1 were evaluable for DLTs. At an
initial S-1 dose of 30 mg/m2, DLTs were reported in one of six
patients in the TAS-114 10 mg/m2 cohort (grade 2 platelet
count decreased with >14-day delay in Cycle 2 initiation),
and one of six patients in the TAS-114 240 mg/m2 cohort
(grade 3 aspartate aminotransferase increased). As the safety
of the TAS-114 240 mg/m2 dose in the S-1 30 mg/m2 cohort
was confirmed, the dose of S-1 was escalated to 36 mg/m2.
The starting dose of TAS-114 in the S-1 36 mg/m2 cohort was
set at 200 mg/m2 according to the protocol. As no DLTs were
reported in the three initially enrolled patients, the TAS-114
dose was escalated to 240mg/m2. Because two of five patients
reported DLTs (grade 4 platelet count decreased and grade 3
dermatitis bullous), the lower dose level cohort (200 mg/m2)
was expanded to six patients. As no other patients developed
DLTs, the MTD was determined to be TAS-114 200 mg/m2

plus S-1 36 mg/m2. However, from a safety and treatment
continuity perspective, the RD was determined to be TAS-
114 240 mg/m2 plus S-1 30 mg/m2 because all patients who
received the MTD required dose reduction or dose interrup-
tion within Cycle 3.

Treatment exposure, dose modification,
and discontinuation

The median relative dose intensity (RDI) of TAS-114 and S-1
for all patients was 86% and 87%, respectively. When sum-
marized by dose level, the RDI of the RD (TAS-114 240 mg/
m2 plus S-1 30 mg/m2) cohort was 91% for both TAS-114 and
S-1, and the RDI of the MTD (TAS-114 200 mg/m2 plus S-1
36 mg/m2) cohort was 63% for TAS-114 and 68% for S-1.

Among all patients, 24% and 26% of patients had at least
one dose reduction of TAS-114 and S-1, respectively. Dose
interruption and dosing delay in a subsequent cycle was re-
quired in 60% and 46% of patients, respectively. The major
reasons for TRAEs leading to dose reduction, dose interrup-
tion, and dosing delay in a subsequent cycle were rash, fa-
tigue, nausea, and thrombocytopenia. In terms of the dose
level, in the RD cohort, 30% of patients had a dose reduction,
50% of patients had a dose interruption, and 40% of patients
had a dosing delay; in the MTD cohort, all patients had both a
dose reduction and interruption, and 80% of patients had a
dosing delay.

Reasons for discontinuation of the study treatment included
disease progression as defined by RECIST criteria (56 pa-
tients), clinical progression (9 patients), toxicity (7 patients;
neutrophil count decreased, n = 2; platelet count decreased,
n = 1; deep vein thrombosis, n = 1; pneumonitis, n = 1; inter-
stitial lung disease, n = 1; and dermatitis bullous n = 1) and
withdrawal of consent (4 patients).
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Safety

TRAEs occurring in ≥20% of patients are summarized in
Table 3. Seventy-one of 76 patients (93.4%) experienced at
least one TRAE during all cycles. Overall, most of the TRAEs
were grade ≤2 and clinically manageable. The incidences of
TRAEs in the S-1 36 mg/m2 cohort were higher than those in
the S-1 30 mg/m2 cohort. The most frequently reported
TRAEs (≥30% of pat ients) were anemia (63%),
lymphocytopenia (41%), leukopenia (41%), decreased appe-
tite (34%), rash (33%), and nausea (31%) in the S-1 30 mg/m2

cohort, and decreased appetite (83%), rash (67%), anemia
(67%), nausea (67%), fatigue (67%), thrombocytopenia
(58%), lymphocytopenia (50%), neutropenia (50%), leukope-
nia (50%), stomatitis (42%), and pigmentation disorder (42%)
in the S-1 36 mg/m2 cohort. Common grade ≥3 TRAEs were
lymphocytopenia (33%) and anemia (27%) in the S-1 30 mg/
m2 cohort, and lymphocytopenia (50%), anemia (42%), leu-
kopenia (42%), thrombocytopenia (42%), and neutropenia
(33%) in the S-1 36 mg/m2 cohort.

Twenty-five patients (32.9%) experienced at least one se-
rious AE (SAE) during all cycles. The most frequently report-
ed SAEs, which occurred in two or more patients, were

decreased appetite (n = 4), abdominal pain (n = 3), malaise
(n = 2), pyrexia (n = 2) in the S-1 30 mg/m2 cohort, and py-
rexia (n = 2) in the S-1 36mg/m2 cohort. No unexpected SAEs
or treatment-related deaths occurred in this study.

Efficacy

Among the 74 evaluable patients in the FAS, PR was ob-
served in 10 patients (NSCLC, n = 5; pancreatic neuroen-
docrine tumor [p-NET], n = 2; gastric cancer, n = 2; and
gallbladder cancer, n = 1). Of the 10 patients, PR was con-
firmed in seven patients (NSCLC, n = 3; p-NET, n = 2; gas-
tric cancer, n = 1; and gallbladder cancer, n = 1), resulting
in an ORR of 9.5% (95% CI, 3.9–18.5). Furthermore, four
patients (NSCLC, n = 1; gastric cancer, n = 2; and gallblad-
der cancer, n = 1) achieved PR despite prior treatment his-
tory with S-1. Best response of stable disease (SD) was
observed in 28 patients (37.8%). Figure 2 shows the max-
imum shrinkage in the diameter of the target lesions from
baseline.

The ORR, PFS, and number of prior systemic regimens
by cancer type are shown in Supplementary Table 1.
Clinical activity was observed for NSCLC (ORR and

Table 1 Baseline patient
characteristics S-1 30 mg/m2 (n = 64) S-1 36 mg/m2 (n = 12) Total (n = 76)

n n n

Age, years

Median (range) 64.0 (34–81) 66.0 (47–73) 64.0 (34–81)

Sex

Male 41 10 51

Female 23 2 25

ECOG PS

0 34 6 40

1 30 6 36

Cancer type

Pancreas 17 0 17

NSCLC 14 2 16

Colorectal 9 1 10

Bladder 4 3 7

p-NET 4 0 4

Gastric 3 0 3

Other 13 6 19

Number of prior therapies

1 7 2 9

2 19 3 22

3 20 4 24

4 8 1 9

≥5 8 2 10

Number of prior 5-FU therapies 38 4 42

Abbreviations: 5-FU 5-fluorouracil,ECOGPSEastern Cooperative Oncology Group performance status,NSCLC
non-small cell lung cancer, p-NET pancreatic neuroendocrine tumor
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median PFS, 18.8% and 4.1 months, respectively), p-NET
(ORR and PFS, 50% and 14 months, respectively), and
gastric cancer (ORR and PFS, 33.3% and 2.8 months,
respectively).

PK

PK parameters of TAS-114 and S-1 components on Days 1, 7,
and 14 in Cycle 1 are shown in Supplementary Table 2A and

Fig. 1 Patient analysis sets. Abbreviations: DLT, dose-limiting toxicity;
PGx, pharmacogenomics; PK, pharmacokinetic. a All patients enrolled in
Part 1 or Part 2. b Of patients enrolled in Part 1 or Part 2, all treated
patients including those who received at least 1 dose of TAS-114 and
S-1. c DLTs were evaluated based on the patients in Part 1 who
experienced DLTs and those who did not experience DLTs but received
≥80% of the planned total dose of the study drug in Cycle 1. d Of patients
who received study treatment in Part 1 or Part 2, the full analysis set

included those who met all inclusion criteria, did not meet any of the
exclusion criteria, and provided at least one measured value for efficacy
endpoints after the start of study drug administration. e PK evaluable
patients included those who received TAS-114 and S-1 at the assigned
doses and provided blood and urine samples needed for calculation of PK
parameters. f Of patients who received study treatment, PGx evaluable
patients included those who provided measured values for PGx analyses

Table 2 Summary of dose
escalation and DLTs (DLT
evaluable patients, n = 47)

S-1
(mg/
m2)

TAS-114
(mg/m2)

Part 1
patients
treated, n

Patients
evaluable for
DLTs, n

Patients
with DLTs,
n

Description of DLTs

30 5 3 3 0 –

10 6 6 1 Platelet count decreased (G2) with
a > 14-day delay in Cycle 2 initia-
tion

20 3 3 0 –

40 3 3 0 –

60 3 3 0 –

90 3 3 0 –

120 3 3 0 –

160 3 3 0 –

200 3 3 0 –

240 6 6 1 Aspartate aminotransferase increased
(G3)

36 200 7 6 0 –

240 5 5 2 Platelet count decreased (G4)

Dermatitis bullous (G3)

Abbreviation: DLT dose-limiting toxicities
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2B. The area under the curve (AUC) of TAS-114 after single
administration increased in a dose-proportional manner up to
240 mg/m2 with large inter-individual variations (correlation
coefficient [R] of 0.907), but repeated administrations of TAS-
114 diminished the correlations between the TAS-114 dose
and AUC (Day 7 and Day 14 in Cycle 1: R 0.259 and
0.338, respectively) (Fig. 3a–c). The administration of TAS-
114 did not affect the PK of S-1 components after S-1 admin-
istration (Supplementary Fig. 2a, 2b, 2c, and 2d). The AUC
for 5-FU after the administration of S-1 30 mg/m2 under
fasting conditions was comparable to that after S-1 36 mg/
m2 under fed conditions [17], which is the approved dose in
Asian countries (Supplementary Fig. 3a and 3b).

The comparison of the ratio of urine 6-OHF concentration to
urine cortisol concentration (6-OHF/F) on Day 0 with that on
Days 1, 7, 14, and 21 in Cycle 1 at a TAS-114 dose of 120, 160,
200, and 240mg/m2 is shown in Supplementary Fig. 4a, 4b, 4c,
and 4d. Compared with that on Day 0, the 6-OHF/Fs on Days
1, 7, 14, and 21 at TAS-114 120 mg/m2 were not significantly
different. At a TAS-114 dose of 160 mg/m2 and over, 6-OHF/
Fs on Day 7 and 14 were significantly increased, suggesting
that TAS-114 induces CYP3A4 activity at 160 mg/m2 and
higher doses. Conversely, the values of 6-OHF/F after 1-week
cessation of chemotherapy were similar to those on Day 0.

Biomarker assessment

Archival tissue samples were collected from 49 patients, from
whom 47 samples were evaluable for biomarker analysis. The
relationships between mRNA or protein expression levels of
nucleic acid-metabolising enzymes (dUTPase, TS, DPD, and
TP) and DNA repair enzymes (uracil-DNA glycosylase,
apurinic/apyrimidinic endodeoxyribonuclease 1, DNA poly-
merase beta, BRCA1, and breast cancer 2, early onset) in
tumors, disease control, and PFS were evaluated
(Supplementary Tables 3 and 4). The median nuclear
BRCA1 protein expression level was significantly lower in
the CR + PR + SD group (n = 15) versus the PD group (n =
29, P = 0.004); median nuclear dUTPase protein expression
level was significantly lower in the CR + PR + SD group (n =
15) versus the PD group (n = 31, P = 0.021). There were no
statistically significant differences in the other parameters.

Patients were then divided into low- and high-expression
groups using the median protein gene expression level as the
cut-off value. The median PFS in the groups with high (n =
23) and low (n = 21) BRCA1 protein expression was
1.5 months (95% CI, 1.4–2.8) and 3.9 months (95% CI,
2.5–5.6), respectively (hazard ratio, 1.90 [95% CI, 1.00–
3.60], P = 0.045). The median PFS in the groups with high
(n = 25) and low (n = 22) dUTPase protein expression in the
nucleus was 2.0 months (95% CI, 1.4–2.8) and 3.9 months
(95% CI, 1.5–5.8), respectively (hazard ratio, 1.92 [95% CI,
1.02–3.61], P = 0.038).Ta

bl
e
3

S
um

m
ar
y
of

tr
ea
tm

en
t-
re
la
te
d
ad
ve
rs
e
ev
en
ts
oc
cu
rr
in
g
in

≥2
0%

of
pa
tie
nt
s
in

th
e
S-
1
30

m
g/
m

2
an
d
36

m
g/
m

2
co
ho
rt
s
(a
ll
tr
ea
te
d
pa
tie
nt
s,
n
=
76
)

S-
1
(m

g/
m

2
)

30
36

TA
S
-1
14

(m
g/
m

2
)

5 (n
=
3)

10 (n
=
6)

20 (n
=
3)

40 (n
=
3)

60 (n
=
3)

90 (n
=
3)

12
0

(n
=
10
)

16
0

(n
=
20
)

20
0

(n
=
3)

24
0

(n
=
10
)

To
ta
l

(n
=
64
)

20
0

(n
=
7)

24
0

(n
=
5)

To
ta
l

(n
=
12
)

G
ra
de
s

A
ll

≥3
A
ll

≥3
A
ll

≥3
A
ll

≥3
A
ll

≥3
A
ll

≥3
A
ll

≥3
A
ll

≥3
A
ll

≥3
A
ll

≥3
A
ll

≥3
A
ll

≥3
A
ll

≥3
A
ll

≥3

A
ne
m
ia

–
–

–
–

3
(1
00
)

1
(3
3)

1
(3
3)

1
(3
3)

1
(3
3)

–
3
(1
00
)

2
(6
7)

6
(6
0)

5
(5
0)

16
(8
0)

4
(2
0)

3
(1
00
)

1
(3
3)

7
(7
0)

3
(3
0)

40
(6
3)

17
(2
7)

4
(5
7)

2
(2
9)

4
(8
0)

3
(6
0)

8
(6
7)

5
(4
2)

D
ia
rr
he
a

–
–

–
–

–
–

1
(3
3)

–
1
(3
3)

–
1
(3
3)

–
2
(2
0)

1
(1
0)

7
(3
5)

–
–

–
3
(3
0)

–
15

(2
3)

1
(2
)

–
–

–
–

–
–

N
au
se
a

–
–

1
(1
7)

–
1
(3
3)

–
–

–
2
(6
7)

–
2
(6
7)

–
2
(2
0)

–
9
(4
5)

–
–

–
3
(3
0)

–
20

(3
1)

–
7
(1
00
)

1
(1
4)

1
(2
0)

–
8
(6
7)

1
(8
)

St
om

at
iti
s

–
–

–
–

–
–

–
–

1
(3
3)

–
–

–
2
(2
0)

–
4
(2
0)

–
1
(3
3)

–
–

–
8
(1
3)

–
3
(4
3)

1
(1
4)

2
(4
0)

–
5
(4
2)

1
(8
)

Fa
tig
ue

–
–

1
(1
7)

–
–

–
1
(3
3)

–
1
(3
3)

–
–

–
2
(2
0)

–
6
(3
0)

1
(5
)

2
(6
7)

1
(3
3)

5
(5
0)

–
18

(2
8)

2
(3
)

5
(7
1)

–
3
(6
0)

–
8
(6
7)

–
Ly

m
ph
oc
yt
op
en
ia

–
–

1
(1
7)

–
–

–
3
(1
00
)

2
(6
7)

–
–

2
(6
7)

2
(6
7)

5
(5
0)

4
(4
0)

9
(4
5)

7
(3
5)

1
(3
3)

1
(3
3)

5
(5
0)

5
(5
0)

26
(4
1)

21
(3
3)

3
(4
3)

3
(4
3)

3
(6
0)

3
(6
0)

6
(5
0)

6
(5
0)

N
eu
tr
op
en
ia

1
(3
3)

–
1
(1
7)

–
1
(3
3)

–
3
(1
00
)

–
1
(3
3)

–
–

–
4
(4
0)

1
(1
0)

5
(2
5)

3
(1
5)

1
(3
3)

–
2
(2
0)

–
19

(3
0)

4
(6
)

3
(4
3)

1
(1
4)

3
(6
0)

3
(6
0)

6
(5
0)

4
(3
3)

T
hr
om

bo
cy
to
pe
ni
a

–
–

2
(3
3)

–
1
(3
3)

–
–

–
1
(3
3)

–
–

–
2
(2
0)

–
2
(1
0)

–
–

–
1
(1
0)

1
(1
0)

9
(1
4)

1
(2
)

4
(5
7)

2
(2
9)

3
(6
0)

3
(6
0)

7
(5
8)

5
(4
2)

L
eu
ko
pe
ni
a

–
–

3
(5
0)

–
2
(6
7)

–
3
(1
00
)

1
(3
3)

1
(3
3)

–
2
(6
7)

–
4
(4
0)

2
(2
0)

7
(3
5)

3
(1
5)

1
(3
3)

–
3
(3
0)

–
26

(4
1)

6
(9
)

3
(4
3)

2
(2
9)

3
(6
0)

3
(6
0)

6
(5
0)

5
(4
2)

D
ec
re
as
ed

ap
pe
tit
e

–
–

1
(1
7)

–
1
(3
3)

–
–

–
1
(3
3)

–
1
(3
3)

–
5
(5
0)

1
(1
0)

7
(3
5)

–
1
(3
3)

–
5
(5
0)

–
22

(3
4)

1
(2
)

7
(1
00
)

–
3
(6
0)

–
10

(8
3)

–
R
as
h

1
(3
3)

–
–

–
–

–
1
(3
3)

–
1
(3
3)

–
–

–
4
(4
0)

–
8
(4
0)

–
–

–
6
(6
0)

–
21

(3
3)

–
5
(7
1)

–
3
(6
0)

–
8
(6
7)

–
Pi
gm

en
ta
tio
n
di
so
rd
er

1
(3
3)

–
1
(1
7)

–
–

–
2
(6
7)

–
–

–
–

–
1
(1
0)

–
9
(4
5)

–
1
(3
3)

–
4
(4
0)

–
19

(3
0)

–
3
(4
3)

–
2
(4
0)

–
5
(4
2)

–

D
at
a
ar
e
n
(%

)

Invest New Drugs (2019) 37:507–518 513



Discussion

This phase 1 study is the first clinical trial to evaluate a com-
bination therapy of TAS-114 and S-1 in patients with ad-
vanced solid tumors. In this study, the RD was determined
to be TAS-114 240 mg/m2 plus S-1 30 mg/m2 because all
patients who received the MTD required dose reduction or
dose interruption resulting in lower RDI (63% and 68%, re-
spectively), and the MTDwas not considered to be acceptable
in a clinical setting.

Although TAS-114 has a moderate DPD inhibitory effect,
the PK profile of 5-FU was unaffected by TAS-114 as S-1
already contains a strong DPD inhibitor, CDHP. The PK pro-
file of CDHP, Oxo, and FT, S-1 components, was unaffected
as well. Based on in vivo efficacy results, the estimated effec-
tive dose of TAS-114 was considered to be the dose at which
the TAS-114 AUC was approximately 2000–4000 ng·h/mL
(data not shown). Target exposure was achieved at dose level
3 (3835 ng·hr/mL); however, we decided to continue dose
escalation because clear safety and efficacy effects were not
observed. A pharmacodynamics assessment to evaluate the
biological inhibitory activity of TAS-114 was not conducted
in this study. We considered the possibility of further escalat-
ing the TAS-114 dose above 240 mg/m2 in the S-1 30 mg/m2

cohort, but we decided against it because induction of
CYP3A4 activity was observed at TAS-114 160 mg/m2 and
over, which is a good substrate for CYP3A4. This result indi-
cated weak correlations between the TAS-114 dose and AUC
after repeated administrations. A previous study suggested
that TAS-114 has no significant potential of autoinduction at

150 mg/body or below; however, our study showed induction
of CYP3A4 activity at a higher dose of TAS-114 [14].

The most common TRAEs (≥30%) in both the S-1 30 mg/
m2 and S-1 36mg/m2 cohorts were anemia, lymphocytopenia,
leukopenia, decreased appetite, rash, and nausea. Overall safe-
ty profiles of this combination therapy were consistent with
those commonly observed in past studies of S-1 monotherapy,
except for anemia and rash [18–22]. The incidence of these
events seemed to be higher than that in previous studies; how-
ever, these events were manageable by dose modification and
symptomatic therapy. Notably, none of the patients
discontinued the study due to these events. Although an anal-
ysis of the correlation between TAS-114 exposure and inci-
dence of anemia and rash was not performed, these events
may be useful pharmacodynamics markers.

This study included patients heavily pre-treated with several
TAS-114 dose levels and heterogeneous tumor types; however,
PRwas observed in 10 patients, of whom four patients achieved
PR, regardless of treatment history with S-1. In addition, par-
ticularly promising efficacy was observed in patients with
NSCLC, p-NET, and gastric cancer. For example, despite the
later setting, this combination showed favorable PFS (4.1 vs.
2.86 months) and ORR (18.8% vs. 8.3%) in NSCLC compared
with S-1 monotherapy in a previous phase 3 study. Given that
TAS-114 did not have an effect on 5-FU exposure, dUTPase
inhibition by TAS-114 may contribute to antitumor activity.

A preclinical study showed that suppression of DNA repair
proteins involved in homologous recombination repair by
siRNA in HeLa cells increased their sensitivity to TAS-114
combined with the 5-FU metabolite 5-fluoro-2′-deoxyuridine

Fig. 2 Waterfall plots showing the best percent change from baseline in
the longest diameter of the target lesions for S-1 30mg/m2 and S-1 36mg/
m2. Abbreviations: NSCLC, non-small cell lung cancer; p-NET,
pancreatic neuroendocrine tumor. Analysis Set: Full Analysis Set. Dose

of S-1: Level 3 = 30 mg/m2 and 36 mg/m2. Change from baseline (%) =
min ([value at each date - baseline value] / baseline value × 100) † S-1
36 mg/m2
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[23]. In this study, the expression level of BRCA1 in patients
with CR, PR, or SD was lower than that in patients with PD.
These results suggest that patients with low BRCA1 level may
be more sensitive to TAS-114 with S-1 than those with high
BRCA1 level. Further examination is required because the
analysis set in this study included various tumor types and
various doses of TAS-114 and S-1.

While combination therapy consisting of S-1 and other che-
motherapeutic agents has been proven to be clinically effec-
tive, the efficacy of that combination could be limited given the
emergence of resistance to 5-FU. Previous studies have report-
ed that dUTPase may be one of the causal factors for resistance
to 5-FU-based chemotherapies [11, 24]. In the present study,
both 5-FU naïve and refractory patients showed clinical bene-
fits when receiving S-1 combined with TAS-114. Altogether,
this evidence suggests that inhibition of dUTPase may be a
novel approach in enhancing the activity of 5-FU-based
chemotherapy.

Our study had a small sample size and only Japanese patients
were enrolled. In Caucasians and East Asians, different tolera-
bility for fluoropyrimidines was reported despite similar PK
profiles in the two populations [25, 26]. A phase 1 trial in
Europe investigated the tolerability of the combination therapy
in European patients with advanced solid tumors, and it sug-
gested that the combination therapy had a tolerable safety profile
consistent with that in Japanese patients [27]. Furthermore, as S-
1 exerts its own anti-tumor effect [18–20, 28–31], the contribu-
tion of TAS-114 to the anti-tumor effect needs to be confirmed
in further studies. Currently, two phase 2 studies are underway to
evaluate the contribution of TAS-114 to the antitumor effect of
S-1: a randomized, international phase 2 study of TAS-114 plus
S-1 vs. S-1 monotherapy in patients with NSCLCwho are 5-FU
naïve (ClinicalTrials.gov Identifier: NCT02855125) and a phase
2 study evaluating the efficacy and safety of TAS-114 plus S-1
in patients with gastric cancer previously treated with 5-FU
(UMIN Clinical Trials Registry Identifier: UMIN000028329).

Fig. 3 Pharmacokinetics. a. Correlation between TAS-114 AUC0-last on
C1D1 and BSA dose of TAS-114. b. Correlation between TAS-114
AUC0–12 on C1D7 and BSA dose of TAS-114. c. Correlation between
TAS-114 AUC0–12 on C1D14 and BSA dose of TAS-114. Abbreviations:
AUC0-last, area under plasma concentration-time curve from time 0 to last

quantifiable concentration; AUC0–12, area under the plasma
concentration-time curve from time 0 to 12 h; BSA, body surface area;
C1D1, Day 1 of Cycle 1; C1D7, Day 7 of Cycle 1; C1D14, Day 14 of
Cycle 1
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In summary, the RD was determined to be TAS-114
240 mg/m2 plus S-1 30 mg/m2. Combined treatment with
TAS-114 and S-1 was well tolerated, safe, and potentially
effective for patients with advanced solid tumors.

Acknowledgments The authors wish to thank Seigo Nakamura (Showa
University School of Medicine), Narikazu Boku (National Cancer Center
Hospital), and Kaoru Kubota (Nippon Medical School Hospital) for their
work in the Data and Safety Monitoring Committee; and Yuh Sakata
(Misawa City Hospital) for providing medical advice. The authors would
also like to thank Michelle Belanger, MD, and Keyra Martinez Dunn,
MD, of Edanz Medical Writing for providing medical writing assistance.
The study drug, TAS-114, a novel oral dUTPase inhibitor, is developed
by Taiho Pharmaceutical Co., Ltd.

This trial was sponsored by Taiho Pharmaceutical Co., Ltd.

Author’s Contribution Study design: Toshihiko Doi, Kohei Shitara,
Hideaki Takahashi, Kiyotaka Yoh, Makoto Ueno, Satoshi Kobayashi,
Manabu Morimoto, Takuji Okusaka, Hideki Ueno, Chigusa Morizane,
Naohiro Okano, Fumio Nagashima, Junji Furuse.

Data collection: Toshihiko Doi, Kohei Shitara, Hideaki Takahashi,
Kiyotaka Yoh, Makoto Ueno, Satoshi Kobayashi, Manabu Morimoto,
Takuji Okusaka, Hideki Ueno, Chigusa Morizane, Naohiro Okano,
Fumio Nagashima, Junji Furuse.

Data interpretation: Toshihiko Doi, Kohei Shitara, Hideaki Takahashi,
Kiyotaka Yoh, Makoto Ueno, Satoshi Kobayashi, Manabu Morimoto,
Takuji Okusaka, Hideki Ueno, Chigusa Morizane, Naohiro Okano,
Fumio Nagashima, Junji Furuse.

Manuscript development: Toshihiko Doi, Kohei Shitara, Hideaki
Takahashi, Kiyotaka Yoh, Makoto Ueno, Satoshi Kobayashi, Manabu
Morimoto, Takuji Okusaka, Hideki Ueno, Chigusa Morizane, Fumio
Nagashima, Junji Furuse.

Final approval for submission: Toshihiko Doi, Kohei Shitara, Hideaki
Takahashi, Kiyotaka Yoh, Makoto Ueno, Satoshi Kobayashi, Manabu
Morimoto, Takuji Okusaka, Hideki Ueno, Chigusa Morizane, Naohiro
Okano, Fumio Nagashima, Junji Furuse.

Data analysis: not applicable.

Availability of data and material Data generated or analyzed during this
study are on file with Taiho Pharmaceutical Co., Ltd. and are not publicly
available. Inquiries for data access may be sent to the following e-mail
address: TOIAWASE@taiho.co.jp.

Compliance with ethical standards

Conflict of interest Toshihiko Doi has received fees for consulting or
advisory role from Eli Lilly Japan K.K., Chugai Pharmaceutical Co.,
Kyowa Hakko Kirin Co., Ltd., MSD K.K., Daiichi Sankyo Co., Ltd.,
Amgen Inc., Sumitomo Dainippon Pharma Co., and Taiho
Pharmaceutical Co. Ltd., as well as research funding from Taiho
Pharmaceutical Co. Ltd., Novartis Pharma K.K., Merck Serono Co.,
Ltd., Astellas Pharma Inc., MSD K.K., Janssen Pharmaceutical K.K.,
Nippon Boehringer Ingelheim Co., Takeda Pharmaceuticals, Pfizer Inc.,
Eli Lilly Japan K.K., Sumitomo Dainippon Pharma Co., Chugai
Pharmaceutical Co., Kyowa Hakko Kirin Co., Ltd., Daiichi Sankyo Co.,
Ltd., Celgene Corporation, Bristol-Myers Squibb, AbbVie Inc., and
Quintiles IMS Holdings, Inc. Kiyotaka Yoh has received grants and per-
sonal fees from Taiho Pharmaceutical, during the conduct of the study;
grants and/or personal fees fromChugai Pharmaceutical Co., AstraZeneca
K.K., Eli Lilly Japan, K.K., Boehringer Ingelheim Co., Ono
Pharmaceutical Co., Novartis Pharma K.K., Bayer Yakuhin, Ltd., Pfizer
Inc., MSD K.K., Bristol-Myers Squibb, in relation to work other than that
submitted here. Kohei Shitara has received grants and/or personal fees
from Astellas Pharma Inc., Eli Lilly Japan K.K., Bristol-Myers Squibb,

Takeda Pharmaceuticals, Pfizer Inc., Ono Pharmaceutical Co., Novartis
Pharma K.K., AbbVie Inc., Yakult Honsha Co., Ltd., Sumitomo
Dainippon Pharma Co., Daiichi Sankyo Co., Taiho Pharmaceutical Co.,
Chugai Pharmaceutical Co., MSD K.K in relation to work other than that
submitted here. Hideaki Takahashi has received honoraria from Taiho
Pharmaceutical Co., Bayer Yakuhin, Ltd., and Torii Pharmaceutical Co.
Ltd., as well as research funding from Bristol-Myers Squibb and Bayer
Yakuhin, Ltd. Makoto Ueno has received honoraria from Taiho
Pharmaceutical Co., Yakult Honsha Co., Ltd., AstraZeneca K.K.,
Novartis Pharma K.K., Eli Lilly Japan K.K., Teijin Pharma, Ltd., Shire
Plc, Ono Pharmaceutical Co., received fees consulting or advisory role
from Eisai Co., and research funding from Taiho Pharmaceutical Co.,
Shire Plc, Daiichi Sankyo Co., Eisai Co., AstraZeneca K.K., Ono
Pharmaceutical Co., MSD K.K., Merck Serono Co., Ltd., NanoCarrier,
Co., Ltd., Sumitomo Dainippon Pharma Co., and Incyte Corp. Satoshi
Kobayashi received honoraria from Taiho Pharmaceutical Co., Yakult
Honsha Co., Ltd., AstraZeneca K.K., Boston Scientific Corp., Merck
Serono Co., Nippon Kayaku Co., Ltd., Kyowa Hakko Kirin Co., Ltd.,
Daiichi Sankyo Co., Bayer Yakuhin, Ltd., a speaker’s bureau fromKyowa
Hakko Kirin Co., research funding from Taiho Pharmaceutical Co., Eli
Lilly Japan K.K., Sumitomo Dainippon Pharma Co., Chugai
Pharmaceutical Co., and Yakult Honsha Co., Ltd., and travel, accommo-
dation, and expenses reimbursement fromNovartis Pharma K.K. Manabu
Morimoto has received honoraria from Bayer Yakuhin, Ltd., Eisai Co.,
Ltd., and Nippon Kayaku Co., Ltd., as well as research funding from
Bayer Yakuhin, Ltd., Yakult Honsha Co., Ltd., Shionogi & Co., Ltd.,
and Eli Lilly Japan K.K. Takuji Okusaka has received honoraria, fees
for consulting or advisory role, or research funding from Novartis
Pharma K.K., Taiho Pharmaceutical Co. Ltd., Merck Serono Co., Ltd.,
Eli Lilly Japan K.K., Sumitomo Dainippon Pharma Co., Ltd., Bayer
Yakuhin, Ltd., Yakult Honsha Co., Ltd., Nobelpharma Co., Ltd.,
Nippon Kayaku Co., Ltd., Baxter Limited, FUJIFILM RI Pharma Co.,
Ltd., AstraZeneca K.K., Ono Pharmaceutical Co., Ltd., EA Pharma Co.,
Ltd., Nippon Chemiphar Co., Ltd., Celgene, K.K., Chugai
Pharmaceutical Co., Ltd., Nippon Boehringer Ingelheim Co., Ltd., Zeria
Pharmaceutical Co., Ltd., Daiichi Sankyo Co., Ltd., Kowa company, Ltd.,
Kyowa Hakko Kirin Co., Ltd., Glaxo Smith Kline K.K., Shizuoka
Industry Nano Carrier Co., Ltd., and Pfizer Japan Inc. Hideki Ueno has
received honoraria and research funding from Taiho Pharmaceutical Co.,
Ltd. Chigusa Morizane has received honoraria from Pfizer Inc., Novartis
Pharma K.K., Yakult Honsha Co., Ltd., Nobelpharma Co., Ltd., Eli Lilly
Japan K.K., and FUJIFILM RI Pharma Co., Ltd., fees for consulting or
advisory role from Eisai Co., Ltd., Daiichi Sankyo Co., Ltd., and Novartis
Pharma K.K., and research funding from Yakult Honsha Co., Ltd., Ono
Pharmaceutical Co., Ltd., Eisai Co., Ltd., Taiho Pharmaceutical Co. Ltd.,
and Pfizer Inc. Naohiro Okano has received honoraria from Taiho
Pharmaceutical Co. Ltd. and Merck Serono Co., Ltd. Fumio Nagashima
has received research funding from Taiho Pharmaceutical Co. Ltd., Eli
Lilly Japan K.K., Daiichi Sankyo Co., Ltd., Sanofi K.K., MSD K.K.,
Eisai Co., Ltd., and Sumitomo Dainippon Pharma Co., Ltd. Junji Furuse
has received honoraria from Taiho Pharmaceutical Co. Ltd., Yakult
Honsha Co., Ltd., Sumitomo Dainippon Pharma Co., Ltd., Eli Lilly
Japan K.K., Astellas Pharma Inc., Mochida Pharmaceutical Co., Ltd.,
Ono Pharmaceutical Co., Ltd., Pfizer Inc., Bayer Yakuhin, Ltd.,
Novartis Pharma K.K., Merck Serono Co., Ltd., Eisai Co., Ltd., Takeda
Pharmaceuticals, Nippon Kayaku Co., Ltd., Daiichi Sankyo Co., Ltd., EA
Pharma Co., Ltd., Sawai Pharmaceutical Co., Ltd., and MSD K.K.

Ethics approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the institu-
tional and/or national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards.

Informed consent Informed consent was obtained from all individual
participants included in the study.

516 Invest New Drugs (2019) 37:507–518



Consent for publication Not applicable.

Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a link
to the Creative Commons license, and indicate if changes were made.

References

1. Sawyers C (2004) Targeted cancer therapy. Nature 432:294–297
2. Hughes PE, Caenepeel S, Wu LC (2016) Targeted therapy and

checkpoint immunotherapy combinations for the treatment of
Cancer. Trends Immunol 37:462–476. https://doi.org/10.1016/j.it.
2016.04.010

3. Weinmann H (2016) Cancer immunotherapy: selected targets and
small-molecule modulators. ChemMedChem 11:450–466. https://
doi.org/10.1002/cmdc.201500566

4. National Comprehensive Cancer Network. NCCN Guideline with
NCCN Evidence Blocks™ - Gastric Cancer Version 2.2018. http://
www.nccn.org/professionals/physician_gls/pdf/gastric_blocks.pdf
Accessed 1 June 2018

5. National Comprehensive Cancer Network. NCCN Guideline with
NCCN Evidence Blocks™ - Pancreatic Adenocarcinoma Version
1.2018. http://www.nccn.org/professionals/physician_gls/pdf/
pancreatic_blocks.pdf Accessed 1 June 2018

6. National Comprehensive Cancer Network. NCCN Guideline with
NCCN Evidence Blocks™ - Colon Cancer Version 2.2018. http://
www.nccn.org/professionals/physician_gls/pdf/colon_blocks.pdf
Accessed 1 June 2018

7. Longley DB, Harkin DP, Johnston PG (2003) 5-fluorouracil: mech-
anisms of action and clinical strategies. Nat Rev Cancer 3:330–338

8. Aschele C, Debernardis D, Casazza S, Antonelli G, Tunesi G,
Ba ldo C , L ione t t o R , Ma ley F, Sob re ro A (1999)
Immunohistochemical quantitation of thymidylate synthase expres-
sion in colorectal cancer metastases predicts for clinical outcome to
fluorouracil-based chemotherapy. J Clin Oncol 17:1760–1770

9. Canman CE, Radany EH, Parsels LA, Davis MA, Lawrence TS,
Maybaum J (1994) Induction of resistance to fluorodeoxyuridine
cytotoxicity and DNA damage in human tumor cells by expression
of Escherichia coli deoxyuridinetriphosphatase. Cancer Res 54:
2296–2298

10. Koehler SE, Ladner RD (2004) Small interfering RNA-mediated
suppression of dUTPase sensitizes cancer cell lines to thymidylate
synthase inhibition. Mol Pharmacol 66:620–626

11. Ladner RD, Lynch FJ, Groshen S, XiongYP, SherrodA, Caradonna
SJ, Stoehlmacher J, Lenz HJ (2000) dUTP nucleotidohydrolase
isoform expression in normal and neoplastic tissues: association
with survival and response to 5-fluorouracil in colorectal cancer.
Cancer Res 60:3493–3503

12. Ladner RD, McNulty DE, Carr SA, Roberts GD, Caradonna SJ
(1996) Characterization of distinct nuclear and mitochondrial forms
of human deoxyuridine triphosphate nucleotidohydrolase. J Biol
Chem 271:7745–7751

13. Wilson PM, Danenberg PV, Johnston PG, Lenz HJ, Ladner RD
(2014) Standing the test of time: targeting thymidylate biosynthesis
in cancer therapy. Nat Rev Clin Oncol 11:282–298. https://doi.org/
10.1038/nrclinonc.2014.51

14. Saito K, Nagashima H, Noguchi K, Yoshisue K, Yokogawa T,
Matsushima E, Tahara T, Takagi S (2014) First-in-human, phase I
dose-escalation study of single and multiple doses of a first-in-class
enhancer of fluoropyrimidines, a dUTPase inhibitor (TAS-114) in

healthy male volunteers. Cancer Chemother Pharmacol 73:577–
583. https://doi.org/10.1007/s00280-014-2383-2

15. Yano W, Yokogawa T, Wakasa T, Yamamura K, Fujioka A,
Yoshisue K, Matsushima E, Miyahara S, Miyakoshi H, Taguchi J,
Chong KT, Takao Y, Fukuoka M, Matsuo K (2018) TAS-114, a
first-in-class dual dUTPase/DPD inhibitor, demonstrates potential
to improve therapeutic efficacy of fluoropyrimidine-based chemo-
therapy. Mol Cancer Ther 17:1683–1693. https://doi.org/10.1158/
1535-7163.MCT-17-0911

16. Yokogawa T, Wakasa T, Yano W, Yoshisue K, Fujioka A, Eshima
K, Fukuoka M, Matsuo K, Noguchi K, Utsugi T (2012) TAS-114
enhances S-1 activity in vivo when used in combination. Eur J
Cancer 48(6 suppl):22. https://doi.org/10.1016/S0959-8049(12)
71863-4

17. Doi T, Yoh K, Shitara K, Takahashi H, Ueno M, Kobayashi S,
Morimoto M, Ohkawa S, Okusaka T, Ueno H, Morizane C, Shiba
S, OkanoN,NarugeD,Nagashima F, Furuse J, KobaK,Noguchi K
(2015) First-in-man combination phase I study of TAS-114 and S-1
in patients (pts) with advanced solid tumors. J Clin Oncol 33(15
suppl):2544

18. Govindan R, Morgensztern D, Kommor MD, Herbst RS, Schaefer
P, Gandhi J, Saito K, Zergebel C, Schiller J (2011) Phase II trial of
S-1 as second-line therapy in patients with advanced non-small cell
lung cancer. J Thorac Oncol 6:790–795. https://doi.org/10.1097/
JTO.0b013e3182103b51

19. Nokihara H, Lu S, Mok TSK, Nakagawa K, Yamamoto N, Shi YK,
Zhang L, Soo RA, Yang JC, Sugawara S, Nishio M, Takahashi T,
Goto K, Chang J, Maemondo M, Ichinose Y, Cheng Y, Lim WT,
Morita S, Tamura T (2017) Randomized controlled trial of S-1
versus docetaxel in patients with non-small-cell lung cancer previ-
ously treated with platinum-based chemotherapy (East Asia S-1
trial in lung Cancer). Ann Oncol 28:2698–2706. https://doi.org/
10.1093/annonc/mdx419

20. Ueno H, Ioka T, Ikeda M, Ohkawa S, Yanagimoto H, Boku N,
Fukutomi A, Sugimori K, Baba H, Yamao K, Shimamura T, Sho
M, Kitano M, Cheng AL, Mizumoto K, Chen JS, Furuse J,
Funakoshi A, Hatori T, Yamaguchi T, Egawa S, Sato A, Ohashi
Y, Okusaka T, Tanaka M (2013) Randomized phase III study of
gemcitabine plus S-1, S-1 alone, or gemcitabine alone in patients
with locally advanced and metastatic pancreatic cancer in Japan and
Taiwan: GEST study. J Clin Oncol 31:1640–1648. https://doi.org/
10.1200/JCO.2012.43.3680

21. Shirasaka T (2009) Development history and concept of an oral
anticancer agent S-1 (TS-1): its clinical usefulness and future vistas.
Jpn J Clin Oncol 39:2–15. https://doi.org/10.1093/jjco/hyn127

22. Koizumi W, Narahara H, Hara T, Takagane A, Akiya T, Takagi M,
Miyashita K, Nishizaki T, Kobayashi O, Takiyama W, Toh Y,
Nagaie T, Takagi S, Yamamura Y, Yanaoka K, Orita H, Takeuchi
M (2008) S-1 plus cisplatin versus S-1 alone for first-line treatment
of advanced gastric cancer (SPIRITS trial): a phase III trial. Lancet
Oncol 9:215–221. https://doi.org/10.1016/S1470-2045(08)70035-4

23. Tsukioka S, Yano W, Yokogawa T, Wakasa T, Fujioka A,
Yamamura K, Itoh S, Fukuoka M, Matsuo K, Noguchi K, Utsugi
T (2013) Expression of DNA damage repair enzymes determine
the efficacy of a novel dUTPase inhibitor, TAS-114 [abstract]. In:
Proceedings of the AACR-NCI-EORTC International Conference:
Molecular Targets and Cancer Therapeutics; 2013 Oct 19–23;
Boston, MA. Philadelphia (PA): AACR; Mol Cancer Ther
2013;12(11 Suppl):Abstract B89

24. Wilson PM, Fazzone W, LaBonte MJ, Deng J, Neamati N, Ladner
RD (2008) Novel opportunities for thymidylate metabolism as a
therapeutic target. Mol Cancer Ther 7:3029–3037. https://doi.org/
10.1158/1535-7163.MCT-08-0280

25. Chuah B, Goh BC, Lee SC, Soong R, Lau F, Mulay M, Dinolfo M,
Lim SE, Soo R, Furuie T, Saito K, Zergebel C, Rosen LS (2011)
Comparison of the pharmacokinetics and pharmacodynamics of S-

Invest New Drugs (2019) 37:507–518 517

https://doi.org/10.1016/j.it.2016.04.010
https://doi.org/10.1016/j.it.2016.04.010
https://doi.org/10.1002/cmdc.201500566
https://doi.org/10.1002/cmdc.201500566
http://www.nccn.org/professionals/physician_gls/pdf/gastric_blocks.pdf
http://www.nccn.org/professionals/physician_gls/pdf/gastric_blocks.pdf
http://www.nccn.org/professionals/physician_gls/pdf/pancreatic_blocks.pdf
http://www.nccn.org/professionals/physician_gls/pdf/pancreatic_blocks.pdf
http://www.nccn.org/professionals/physician_gls/pdf/colon_blocks.pdf
http://www.nccn.org/professionals/physician_gls/pdf/colon_blocks.pdf
https://doi.org/10.1038/nrclinonc.2014.51
https://doi.org/10.1038/nrclinonc.2014.51
https://doi.org/10.1007/s00280-014-2383-2
https://doi.org/10.1158/1535-7163.MCT-17-0911
https://doi.org/10.1158/1535-7163.MCT-17-0911
https://doi.org/10.1016/S0959-8049(12)71863-4
https://doi.org/10.1016/S0959-8049(12)71863-4
https://doi.org/10.1097/JTO.0b013e3182103b51
https://doi.org/10.1097/JTO.0b013e3182103b51
https://doi.org/10.1093/annonc/mdx419
https://doi.org/10.1093/annonc/mdx419
https://doi.org/10.1200/JCO.2012.43.3680
https://doi.org/10.1200/JCO.2012.43.3680
https://doi.org/10.1093/jjco/hyn127
https://doi.org/10.1016/S1470-2045(08)70035-4
https://doi.org/10.1158/1535-7163.MCT-08-0280
https://doi.org/10.1158/1535-7163.MCT-08-0280


1 between Caucasian and east Asian patients. Cancer Sci 102:478–
483. https://doi.org/10.1111/j.1349-7006.2010.01793.x

26. Haller DG, Cassidy J, Clarke SJ, Cunningham D, Van Cutsem E,
Hoff PM, Rothenberg ML, Saltz LB, Schmoll HJ, Allegra C,
Bertino JR, Douillard JY, Gustavsson BG, Milano G, O’Connell
M, Rustum Y, Tabernero J, Gilberg F, Sirzén F, Twelves C (2008)
Potential regional differences for the tolerability profiles of
fluoropyrimidines. J Clin Oncol 26:2118–2123. https://doi.org/10.
1200/JCO.2007.15.2090

27. Fasolo A, Aoyama T, Stathis A, Sessa C, Hollebecque A, Soria JC,
Sobrero A, Van Laethem J-L, Yoshisue K, Gianni L (2018) A large
phase I study of TAS-114 in combination with S-1 in patients with
advanced solid tumors [abstract]. In: Proceedings of the American
Association for Cancer Res Annual Meeting 2018; 2018 Apr 14–
18; Chicago, IL. Philadelphia (PA): AACR; Cancer Res
2018;78(13 Suppl):Abstract CT014. https://doi.org/10.1158/1538-
7445.AM2018-CT014

28. Kubota K, Sakai H, Katakami N, Nishio M, Inoue A, Okamoto H,
Isobe H, Kunitoh H, Takiguchi Y, Kobayashi K, Nakamura Y,
Ohmatsu H, Sugawara S, Minato K, Fukuda M, Yokoyama A,
Takeuchi M, Michimae H, Gemma A, Kudoh S, Tokyo
Cooperative Oncology Group (2015) A randomized phase III trial
of oral S-1 plus cisplatin versus docetaxel plus cisplatin in Japanese
patients with advanced non-small-cell lung cancer: TCOG0701

CATS trial. Ann Oncol 26:1401–1408. https://doi.org/10.1093/
annonc/mdv190

29. Takashima T, Mukai H, Hara F, Matsubara N, Saito T, Takano T,
Park Y, Toyama T, Hozumi Y, Tsurutani J, Imoto S, Watanabe T,
Sagara Y, Nishimura R, Shimozuma K, Ohashi Y, SELECT BC
Study Group (2016) Taxanes versus S-1 as the first-line chemother-
apy for metastatic breast cancer (SELECT BC): an open-label, non-
inferiority, randomised phase 3 trial. Lancet Oncol 17:90–98.
https://doi.org/10.1016/S1470-2045(15)00411-8

30. Boku N, Yamamoto S, Fukuda H, Shirao K, Doi T, Sawaki A,
Koizumi W, Saito H, Yamaguchi K, Takiuchi H, Nasu J, Ohtsu
A, Gastrointestinal Oncology Study Group of the Japan Clinical
Oncology Group (2009) Fluorouracil versus combination of
irinotecan plus cisplatin versus S-1 in metastatic gastric cancer: a
randomised phase 3 study. Lancet Oncol 10:1063–1069. https://doi.
org/10.1016/S1470-2045(09)70259-1

31. Yamada Y, Takahari D, Matsumoto H, Baba H, Nakamura M,
Yoshida K, Yoshida M, Iwamoto S, Shimada K, Komatsu Y,
Sasaki Y, Satoh T, Takahashi K, Mishima H, Muro K, Watanabe
M, Sakata Y, Morita S, Shimada Y, Sugihara K (2013) Leucovorin,
fluorouracil, and oxaliplatin plus bevacizumab versus S-1 and
oxaliplatin plus bevacizumab in patients with metastatic colorectal
cancer (SOFT): an open-label, non-inferiority, randomised phase 3
trial. Lancet Oncol 14:1278–1286. https://doi.org/10.1016/S1470-
2045(13)70490-X

518 Invest New Drugs (2019) 37:507–518

https://doi.org/10.1111/j.1349-7006.2010.01793.x
https://doi.org/10.1200/JCO.2007.15.2090
https://doi.org/10.1200/JCO.2007.15.2090
https://doi.org/10.1158/1538-7445.AM2018-CT014
https://doi.org/10.1158/1538-7445.AM2018-CT014
https://doi.org/10.1093/annonc/mdv190
https://doi.org/10.1093/annonc/mdv190
https://doi.org/10.1016/S1470-2045(15)00411-8
https://doi.org/10.1016/S1470-2045(09)70259-1
https://doi.org/10.1016/S1470-2045(09)70259-1
https://doi.org/10.1016/S1470-2045(13)70490-X
https://doi.org/10.1016/S1470-2045(13)70490-X

	First-in-human...
	Abstract
	Introduction
	Methods
	Study design and treatment
	Patient population
	Safety assessment
	Efficacy assessment
	PK assessment
	Biomarker assessment
	Statistical analysis

	Results
	Patients
	Dose escalation, DLTs, MTD, and RD
	Treatment exposure, dose modification, and discontinuation
	Safety
	Efficacy
	PK
	Biomarker assessment

	Discussion
	References


