
Abstract. Aim: To report results from the first phase I study
of napabucasin plus paclitaxel in Japanese patients with pre-
treated unresectable/recurrent gastric cancer. Patients and
Methods: Patients received napabucasin (480 mg bid) plus
paclitaxel [80 mg/m2 on days 3, 10 and 17 (cycles 1 and 2)
and on days 1, 8 and 15 (cycle 3 and subsequent cycles)]
until disease progression or unacceptable toxicity. Primary
objectives were tolerability, safety and pharmacokinetics of
napabucasin plus paclitaxel. Trial registration ID: JapicCTI-
142420. Results: Six patients were enrolled. Paclitaxel had
a minimal effect on napabucasin pharmacokinetics and
median plasma paclitaxel concentrations were similar in
combination and monotherapy. No dose-limiting toxicities
were observed. There were no grade 4/5 adverse events.
Partial response, stable disease and progressive disease were
reported in two patients each. Conclusion: Napabucasin plus
paclitaxel was well-tolerated in Japanese patients with
gastric cancer.

Gastric cancer (GC) is the third most common cause of
cancer-related deaths worldwide (1). Chemotherapy is the
standard of care for the majority of patients with advanced,
unresectable or metastatic disease (2) with standard first-
line treatment being fluoropyrimidine plus platinum
combinations (3); patients who have human epidermal
growth factor 2 (HER2)-positive tumours should also
receive trastuzumab. Second-line treatment options include
chemotherapy (docetaxel, paclitaxel or irinotecan), and
ramucirumab, a monoclonal antibody vascular endothelial
growth factor receptor-2, as monotherapy or in combination
with paclitaxel (2, 4). However, the prognosis for patients

with advanced or recurrent GC is still poor, and new
therapies are needed (5).

Accumulating evidence suggests that cancer stem cells
(CSCs) play a key role in metastasis, relapse and resistance
to treatment in a number of cancer types, including GC (6).
Therefore, targeting CSCs might improve patient outcomes
compared with current standards of care (7). 

Napabucasin is an investigational, orally administered
agent which inhibits cancer stemness pathways (8). It is a
small-molecule inhibitor of the signal transducer and
activator of transcription 3 (STAT3) pathway, which has been
shown to target expression of cancer stemness-related genes,
block tumor cell sphere formation and kill CSCs isolated
from various cancer types (9). Furthermore, a phase I dose-
escalation study reported that napabucasin monotherapy was
well-tolerated and showed signs of clinical activity in
patients with advanced cancer (10). In this phase I study, we
assessed the safety, tolerability, pharmacokinetics (PK) and
efficacy of napabucasin plus weekly paclitaxel in Japanese
patients with pre-treated advanced or recurrent gastric
cancer.

Patients and Methods

Study design. This was an open-label phase I study in patients with
unresectable/recurrent GC. Patients received oral napabucasin
(Boston Biomedical, Cambridge, MA, USA) at 480 mg twice daily
(bid) and a 1-hour infusion of paclitaxel (80 mg/m2 on days 3, 10
and 17 in cycles 1 and 2, and on days 1, 8 and 15 in cycle 3 and
subsequent cycles) after taking the first dose of napabucasin. Each
cycle was defined as 28 days. 

Three patients were scheduled to receive napabucasin 480 mg bid
in combination with paclitaxel. If one out of three patients experienced
a dose-limiting toxicity (DLT) in cycle 1, or if the principal
investigator and the sponsor considered the addition of patients
necessary for the assessment of PK or efficacy of napabucasin, then a
further three additional patients would be enrolled. 

Primary study objectives were to investigate the safety,
tolerability and PK of napabucasin with paclitaxel. The secondary
objective was to investigate preliminary antitumour activity. An
exploratory objective was to assess the relationship between
biomarkers and the antitumour activity of napabucasin. 
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The study was conducted in accordance with the Declaration of
Helsinki and International Conference on Harmonization and Good
Clinical Practice guidelines. An Ethics Committee or Institutional
Review Board approved the final protocol at the study site (IRB
approval number: K0366). All patients provided their written,
informed consent. This study was registered with JapicCTI, number
JapicCTI-142420.

Patients. Eligible patients had histologically confirmed advanced or
recurrent GC; disease progression after one or more chemotherapy
regimen and sufficient organ function. Treatment was continued
until disease progression, unacceptable toxicity, or withdrawal of
patient consent. 

PK assessments. Blood samples for the determination of plasma
concentration of napabucasin were collected at cycle 1, day 1: 0
hours (pre-morning dose), and 2, 4, 6, 8, 10, 12 and 24 hours after
the morning dose; cycle 1, days 3 and 17: 0 hours (pre-morning
dose), and 3, 4 and 24 hours after the morning dose; and cycle 2,
day 1: 0 hours (pre-morning dose), and 2, 4, 6, 8, 10 and 12 hours
after the morning dose. Blood samples for the determination of
plasma concentration of paclitaxel were collected at 3, 4 and 24
hours after the morning dose on days 3 and 17 in cycle 1. 

Safety and ant-tumour assessments. Patients were evaluable for DLT
assessment if they had received at least one paclitaxel dose and
≥80% of their napabucasin doses in cycle 1. Safety was assessed
during cycles 1 and 2 on days 1, 3, 10 and 17; and during cycle 3
and subsequent cycles on days 1, 8 and 15. Adverse events
(AEs)were monitored during the study and graded using the
National Cancer Institute Common Terminology Criteria for
Adverse Events version 4.0 (11), including laboratory testing for
blood haematology and serum chemistry. 

Efficacy endpoints were the objective tumour response (ORR),
progression-free survival (PFS) and overall survival (OS).
Tumour assessment was performed on day 1 in cycle 3, and every
8 weeks thereafter until radiographic-confirmed disease
progression or the end of treatment scan. Disease progression and
tumour response were assessed by investigators in accordance
with RECIST 1.1 (12). PFS was defined as the time from the date
of the first dose of napabucasin to the date of progressive disease
(PD), or death, whichever occurred first. OS was defined as the
time from the date of the first dose of napabucasin to the date of
death from any cause. 

Immunohistochemical (IHC) analysis. Staining of tumour cells for
nuclear phosphorylated (p)-STAT3 and β-catenin was performed on
archival tumour tissue samples and biopsy samples. IHC for p-
STAT3 and β-catenin were performed using rabbit monoclonal
antibody to p-STAT3 (Tyr705) (D3A7; XP®Cell Signalling,
Danvers, MA, USA) and mouse antibody to β-catenin (BD
Biosciences, San Jose, CA, USA). Samples were evaluated by a
pathologist and scored using the following intensity scale: 0+
Negative, 1+ weak, 2+ intermediate, 3+ strong. 

Results

Patients. A total of six patients were enrolled from March
to May 2014. Their median age was 66.0 years and the
majority of patients had an Eastern Cooperative Oncology

Group performance score of 0 (5/6; 83.3%), and four
patients had previously received two or more prior lines of
therapy. All patients had received prior chemotherapy with
fluoro-pyrimidines and platinum; three patients had
received prior taxanes and two patients had received prior
irinotecan (13). A total of three patients had undergone
gastrectomy.

Pharmacokinetics. Despite inter-patient variability in PK
analyses, the maximum plasma concentration of napabucasin
was similar after single doses and repeated doses (Table I).
Plasma concentration of napabucasin was also similar in
patients receiving napabucasin alone (cycle 1, day 1) or in
combination with paclitaxel (cycle 1, days 3 and 17),
suggesting that paclitaxel did not affect the PK profile of
napabucasin. The plasma concentration of napabucasin in
single doses and repeated doses was similar in patients with
previous gastrectomy and those without.

Safety and tolerability. No DLTs were observed. The most
common AEs were diarrhoea (n=6), and decreased neutrophil
count, decreased white blood cell count and alopecia (all
n=4). Diarrhea (grade 1/2, n=6) was considered to be related
to napabucasin and the majority of cases were grade 1
(83.3%). Grade 3 AEs were anaemia in one patient,
decreased neutrophil count in one patient, decreased white
blood cell count in one patient and peripheral neuropathy in
one patient (none considered to be related to treatment with
napabucasin). There were no grade 4/5 AEs. 

Antitumour activity. Among the six patients, five had
measurable disease (Table II). In total, two patients achieved
partial responses (PR), two had stable disease and two had
PD. Patient 6 achieved PR then discontinued paclitaxel
treatment at cycle 7 because of peripheral sensory
neuropathy; PR was maintained until cycle 22 with
napabucasin monotherapy.

IHC. Tissue samples were obtained from two patients. A
sample was also obtained by biopsy from patient 2 post-
napabucasin treatment. In patient 2, p-STAT3 and β-catenin
were positive at baseline and β-catenin became negative
post-treatment. In contrast, in patient 6, both p-STAT3 and
β-catenin were negative in tumour nuclei. 

Discussion

In this phase I trial, napabucasin at 480 mg bid plus weekly
paclitaxel was well tolerated in Japanese patients with pre-
treated advanced or recurrent GC. AEs related to
napabucasin were gastrointestinal, generally mild in nature
and controlled with concomitant administration of
loperamide. The safety profile is also in line with that
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reported in other phase I clinical trials of napabucasin
monotherapy (14, 15) and there were no specific AEs
reported due to the combination of napabucasin with weekly
paclitaxel. Furthermore, the PK results suggested that
paclitaxel did not affect the PK profile of napabucasin and
that the napabucasin PK profiles were similar between
patients with previous gastrectomy and those without.
Although antitumour activity was not the primary endpoint
of this study, preliminary signs of clinical activity were
observed in two patients who achieved PR. One of these
patients maintained PR until cycle 21 with napabucasin
monotherapy, even after the discontinuation of paclitaxel at
cycle 7. 

As napabucasin inhibits the STAT3 pathway, which is
linked to β-catenin (16, 17), a biomarker analysis was
performed in patients with long-term survival. A post-
napabucasin treatment sample from one patient showed weak
pSTAT3 staining in the tumour microenvironment and
negative β-catenin staining in tumour nuclei. As there were

only two samples, further exploratory studies are needed to
clarify the usefulness of pSTAT3 and β-catenin as predictive
biomarkers. However, it should be noted that a recent
multicentre, phase III trial on colorectal cancer reported that
patients with pSTAT3-positive tumours had longer OS with
napabucasin compared with placebo (18).

However, it is difficult to draw meaningful conclusions
here due to the small sample size of the study. Unfortunately,
a subsequent randomised phase III trial comparing paclitaxel
plus napabucasin with paclitaxel monotherapy failed to
achieve an improvement in OS in pre-treated gastric cancer
(19). However, additional phase III studies of napabucasin
plus chemotherapeutic agents in other cancer types are
currently ongoing (20, 21).
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Table I. Pharmacokinetic parameters of napabucasin.

Cycle          Prior              Cmax,              AUC0-12, h           AUC0-24, h         AUC0–∞, h             Lambda-z,                    t1/2-h                    Tmax-h 
                 surgery             ng/ml                    ng/ml                     ng/ml                   ng/ml                         /h                          (range)                    (range)

1                   Yes            701±150.2          4313±541.6          6049±331.9         7192±344.9         0.083±0.0315       9.96 (5.84-11.61)      4.0 (4.0-4.1) 
                  (n=3)               (n=3)                    (n=3)                      (n=3)                    (n=3)                      (n=3)                         (n=3)                      (n=3)
                    No           1465±574.2        9635±5118.9       13252±7684.3     14141±8396.1        0.138±0.0300        5.43 (4.04-6.07)       3.9(2.0-6.0) 
                  (n=3)               (n=3)                    (n=3)                      (n=3)                    (n=3)                      (n=3)                         (n=3)                      (n=3)
                 Overall       1083±562.3        6974±4369.7        9651±6263.2      10666±6536.9        0.110±0.0409       5.96 (4.04-11.61)       4.0 (2.0-6.0)
                  (n=6)               (n=6)                    (n=6)                      (n=6)                    (n=6)                      (n=6)                         (n=6)                      (n=6)
2                   Yes            777±245.8          4591±614.4         5651±1227.9       5966±1578.4        0.154±0.0584        4.86 (3.55-6.17)       4.0 (2.0-7.9) 
                  (n=3)               (n=3)                    (n=2)                      (n=2)                    (n=2)                      (n=2)                         (n=2)                      (n=3)
                    No           1337±765.1        9122±6756.0      11859±10001.7   14454±13580.0      0.116±0.0844       8.07 (3.94-12.21)      3.9 (2.0-7.8) 
                  (n=3)               (n=3)                    (n=2)                      (n=2)                    (n=2)                      (n=2)                         (n=2)                      (n=3)
                 Overall       1057±593.7        6857±4710.0        8755±6833.4      10210±9290.5       0.135±0.0630       5.05 (3.55-12.21)      3.9 (2.0-7.9) 
                  (n=6)               (n=6)                    (n=4)                      (n=4)                    (n=4)                      (n=4)                         (n=4)                      (n=6)

AUC: Area under the plasma concentration–time curve for stated period; Cmax: maximum plasma concentration; Lambda-z, elimination rate constant;
t1/2: biological half-life; Tmax: time to reach maximum plasma concentration.

Table II. Clinical activity of napabucasin. 

Patient number        Target lesion           No. of prior systemic therapies             Best overall response               PFS (months)                 OS (months)

1                                       Yes                                          1                                                      SD                                      2.79                                6.05
2                                       No                                          1                                                      SD                                      7.43                              23.36*
3                                       Yes                                          3+                                                    PD                                      1.48                                4.57
4                                       Yes                                          2                                                      PD                                      1.87                                6.28
5                                       Yes                                          2                                                      PR                                      3.25                                6.11
6                                       Yes                                          2                                                      PR                                    20.07*                            20.53*

CR: Complete response; OS: overall survival; PFS: progression-free survival; SD: stable disease. One month=30.4375 days. *Patient was censored,
neither progressive disease (PD) nor death were observed at the date of the last assessment of objective tumour response.
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