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Abstract

Background and Objective For patients with advanced hepatocellular carcinoma (HCC), the standard of care for many
years has been sorafenib. Preliminary data have suggested that the combination of the NAD(P)H:quinone oxidoreductase 1
bioactivatable agent napabucasin plus sorafenib may improve clinical outcomes in patients with HCC. In this phase I, mul-
ticenter, uncontrolled, open-label study, we evaluated napabucasin (480 mg/day) plus sorafenib (800 mg/day) in Japanese
patients with unresectable HCC.

Methods Adults with unresectable HCC and an Eastern Cooperative Oncology Group performance status of 0 or 1 were
enrolled in a 3 + 3 trial design. The occurrence of dose-limiting toxicities was assessed through 29 days from the start of
napabucasin administration. Additional endpoints included safety, pharmacokinetics, and preliminary antitumor efficacy.
Results In the six patients who initiated treatment with napabucasin, no dose-limiting toxicities occurred. The most fre-
quently reported adverse events were diarrhea (83.3%) and palmar-plantar erythrodysesthesia syndrome (66.7%), all of which
were grade 1 or 2. The pharmacokinetic results for napabucasin were consistent with prior publications. The best overall
response (per Response Evaluation Criteria in Solid Tumors [RECIST] version 1.1) was stable disease in four patients. Using
Kaplan—Meier methodology, the 6-month progression-free survival rate was 16.7% per RECIST 1.1 and 20.0% per modified
RECIST for HCC. The 12-month overall survival rate was 50.0%.

Conclusions These findings confirm the viability of napabucasin plus sorafenib treatment, and there were no safety or toler-
ability concerns in Japanese patients with unresectable HCC.

Clinical Trial Registration ClinicalTrials.gov identifier NCT02358395, registered on 9 February 2015.
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We evaluated the safety, tolerability, pharmacokinetics,
and preliminary clinical efficacy of napabucasin (480
mg/day) plus sorafenib (800 mg/day) in Japanese
patients with unresectable hepatocellular carcinoma
(HCO).

No dose-limiting toxicities occurred, and the safety
profile was manageable. Four of six patients had stable
disease, and two patients had stable disease lasting > 12
weeks.

This therapeutic combination appears to be viable for
the treatment of advanced HCC, with no tolerability
concerns, and further clinical investigation may be
warranted.
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1 Introduction

Globally, liver cancer is the fifth most common type of
cancer, with almost 1 million new cases in 2020, and is the
third most common cause of cancer-related death [1]. In
Japan, liver cancer was reported to be responsible for 26,000
deaths in 2018; the mortality rate due to liver cancer has
shown a slight decrease in the past decade but remains the
fifth most common cause of cancer-related death in Japan
[2]. Among patients with primary liver cancer in Japan,
hepatocellular carcinoma (HCC) is the most common
type, comprising >93% of cases [3]. The major risk factors
for developing HCC include cirrhosis and infection with
hepatitis B or C virus [4].

Current treatment options for HCC vary according to the
disease stage and degree of underlying hepatic impairment,
and include resection, local ablation, chemotherapy,
chemoembolization, and liver transplantation [5].
However, although earlier diagnosis and the development
of new treatments have improved survival rates [6], disease
recurrence is common (reportedly 68% at 5 years) [7] and
the prognosis of patients with advanced disease remains
unsatisfactory.

For almost a decade, the oral multikinase inhibitor
sorafenib was the standard of care for patients with advanced
HCC, based on the placebo-controlled, phase III SHARP
trial [8]. More recently, systemic therapy options for patients
with unresectable HCC have expanded to include single-
agent lenvatinib and the combination of atezolizumab plus
bevacizumab [9].

As an oral NAD(P)H:quinone oxidoreductase 1
bioactivatable agent generating reactive oxygen species
(ROS), napabucasin is hypothesized to affect multiple
oncogenic cellular pathways, including signal transducer
and activator of transcription 3 (STAT3), ultimately
resulting in cancer cell death [10]. Preliminary data have
suggested antitumor activity and acceptable toxicity
profiles with napabucasin combinations in patients with
metastatic colorectal cancer, including a phase I/II study of
napabucasin plus pembrolizumab [11] and a phase I study
of napabucasin plus chemotherapy and bevacizumab [12].
However, several phase III clinical trials in solid tumors
were suspended due to futility or they failed to meet their
primary endpoint [13-17].

STAT3 is a known therapeutic target for HCC [18].
In vitro, napabucasin was shown to reduce the viability
of HCC cells by inducing apoptosis and cell cycle arrest
[19], suggesting the potential utility of napabucasin in
the management of HCC. A phase Ib study (103HCC)
of napabucasin plus sorafenib was in progress in the US
when this study was devised [20], and a subsequent phase
IT analysis planned. The present study was conducted

A\ Adis

in Japanese patients with unresectable HCC to evaluate
the safety, tolerability and pharmacokinetics (PK) of
napabucasin plus sorafenib. The preliminary efficacy of
this treatment combination in Japanese patients was also
evaluated.

2 Methods
2.1 Patients

Patients aged > 20 years with unresectable HCC confirmed
by histology or imaging, no prior systemic chemotherapy for
HCC, Eastern Cooperative Oncology Group performance
status of 0 or 1, and Child—Pugh class A were eligible
for enrollment. Additional inclusion criteria were life
expectancy > 3 months, adequate major organ function, and
use of appropriate contraception.

Exclusion criteria were prior receipt of systemic
chemotherapy for HCC; receipt (within 28 days before
enrollment in this study) of radiotherapy (except palliative
local irradiation for pain control or symptomatic relief),
hormonal therapy, immunotherapy, thermotherapy, surgical
therapy, local therapy (e.g., radiofrequency ablation,
percutaneous transhepatic ethanol injection therapy,
microwave coagulation therapy), transcatheter arterial
embolization, transcatheter arterial chemoembolization,
or other antitumor treatment; presence of brain metastasis
requiring treatment or being symptomatic; active multiple
primary cancers at the time of enrollment; positive
pregnancy test at baseline; previous treatment with
napabucasin or receipt of any other investigational treatment
within 4 weeks of study start; prior hypersensitivity to
sorafenib or its excipients; or any other clinically significant
medical condition or concomitant treatment that might
confound the study outcomes or endanger the patient,
making them inappropriate for participation in the opinion
of the investigator.

2.2 Study Design and Treatment

This was a phase I, multicenter, uncontrolled, open-label
study in patients with unresectable HCC. The study was
conducted at four Japanese medical institutions between 19
March 2015 and 28 August 2017.

The study design is shown in Online Resource 1.
Napabucasin was initiated within 7 days after enrollment
in this study (defined as day 1), and sorafenib was initiated
on day 2. A standard 3 + 3 design was used to assess the
occurrence of dose-limiting toxicities (DLTs) through 29
days from the start of napabucasin administration. Three
patients were treated initially. If DLTs occurred in two or
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more patients, enrolment was to be terminated. If DLTs
occurred in one patient, three additional patients were to be
enrolled, for a total of six patients. If no DLTs occurred, then
only three patients would be enrolled in this cohort. Patients
were required to be hospitalized from day 1 to the morning
of day 4, and from day 29 to the end of day 30. Following
completion of the DLT evaluation stage, an additional
three patients were enrolled in an expansion cohort to
further evaluate the safety and efficacy of napabucasin. No
hospitalization was mandated for this expansion cohort.
Napabucasin was to be continued for patients in both cohorts
until the cessation of clinical benefit, per the opinion of the
investigator. The follow-up observation period was defined
as the period between the last dose of napabucasin until the
final examination visit; this visit occurred 28 days later or
prior to the start of subsequent treatment if that treatment
was initiated earlier than 28 days after discontinuation of
napabucasin.

The daily dose of napabucasin was 480 mg. On day 1,
napabucasin was administered orally as a single dose before
breakfast to patients in a fasted state. Subsequently, 240
mg was administered twice daily (morning and evening);
sorafenib was administered orally at a dose of 400 mg twice
daily. Each dose of sorafenib was taken > 2 h after a dose
of napabucasin.

2.3 Endpoints

A DLT was defined as any of the following adverse
events (AEs) that occurred during the DLT evaluation
period with a definite, probable or possible causal
relationship to napabucasin: any grade 4 or 5 event; all-
grade febrile neutropenia; grade > 3 thrombocytopenia
requiring platelet transfusion; grade > 3 non-hematologic
events, with the exception of nausea, vomiting, anorexia,
diarrhea, malaise, and electrolyte abnormality that, within
7 days of onset, improved to grade < 2 or resolved after
appropriate treatment, or changes in liver enzymes; or
any other clinically significant event, in the opinion of the
investigator. DLTs were to be referred to the Data and Safety
Monitoring Board for an opinion on trial continuation.
AEs were classified according to the Medical Dictionary
for Regulatory Activities version 17.1, and severity was
categorized using the Common Terminology Criteria for
Adverse Events version 4.03.

Safety endpoints for the overall population included the
occurrence of AEs, adverse drug reactions (ADRs), and
measurement of vital signs, body weight, laboratory test
values, and 12-lead electrocardiogram (ECG).

PK blood sampling was conducted in the DLT cohort.
Blood samples for napabucasin analysis (3 mL) were
collected on day 1 (prior to napabucasin dosing, and
2,4,6,8, 10, and 12 h post-dose) and on day 2 (prior to

napabucasin dosing). Samples for analysis of napabucasin
(3 mL) and sorafenib (3 mL) were collected on day 29 (prior
to napabucasin dosing [napabucasin sampling only], and at
2,4, 6,8, 10, and 12 h post-dose) and on day 30 (prior
to napabucasin dosing). Plasma was extracted, transported
to a central laboratory on dry ice, and stored at — 70°C.
Plasma concentrations of napabucasin and sorafenib were
determined using high performance liquid chromatography
coupled with tandem mass spectrometry, as previously
reported [21]. PK parameters measured included the
maximum and minimum observed plasma concentrations
(Cpax and C,;.); the area under the plasma concentration-
time curve from either time zero to 12 h (AUC,,), time
zero to 24 h (AUC,,) or from time zero to infinity (AUC,);
time to C,, (#,,.,); the elimination rate constant (4,); the
elimination half-life (#,,); and mean residence time.

Efficacy endpoints included tumor response (complete
response [CR], partial response [PR], stable disease [SD], or
progressive disease [PD]), progression-free survival (PFS),
and overall survival (OS). Response was based on Response
Evaluation Criteria in Solid Tumors (RECIST) version
1.1. PFS was defined as the time from first administration
of napabucasin to documented PD or death, and OS was
defined as the time from first administration of napabucasin
to death. Responses were also evaluated according to the
modified (m)RECIST assessment for HCC [22].

2.4 Statistical Methods

The planned sample size was three to six patients in the DLT
cohort (with the final number dependent on whether DLTs
occurred or not) and a further three to six in the expansion
cohort for further safety evaluation. The DLT evaluation
population consisted of patients in the DLT cohort who
received the investigational drug and had either a > 70%
napabucasin compliance rate or onset of a DLT during
the DLT evaluation period. The safety analysis population
consisted of all patients who received napabucasin; the
PK population included all napabucasin-treated patients
with at least one available post-dose plasma concentration
measurement; and the efficacy analysis population included
all napabucasin-treated patients (intention-to-treat [ITT]
group).

Data were summarized using frequency (n, %) or
mean, standard deviation, median, range, and coefficient
of variation. Baseline values were based on data obtained
during screening or within 28 days before enrollment for
12-lead ECG and imaging). Missing data were not imputed.
For patients without PD or death, PFS and OS were censored
at the last assessment for tumor response. Calculations were
conducted using SAS software version 9.4 (SAS Institute,
Inc., Cary, NC, USA).

A\ Adis



102

T. Okusaka et al.

3 Results
3.1 Patients

Overall, six patients initiated treatment with napabucasin
and none were excluded from the analysis populations. Thus,
the DLT and PK populations included three patients and the
safety analysis and ITT populations included six patients.
Baseline demographic and clinical characteristics are
shown in Table 1. Patients were all Asian, predominantly
male (5/6 [83.3%]), with a median age of 72.0 years.
The majority (4/6 [66.7%]) had stage IV disease and half
(3/6 [50.0%]) had a history of hepatitis C infection. The
median disease duration was 6.1 years, and 5/6 (83.3%) had
undergone prior transarterial chemoembolization.

3.2 Safety and Tolerability

All three patients in the DLT evaluation cohort reported AEs
but no DLTs occurred. Three serious AEs occurred in two
patients in the DLT cohort, of whom one died. One patient
developed necrotizing fasciitis (grade 3) and bacterial
meningitis (fatal) outside of the DLT assessment period.
Given the patient’s background of compensatory hepatic
cirrhosis, both AEs were assessed by the investigator as
unlikely to be treatment-related. A second patient initially
developed grade 2 pyrexia on day 11 that subsequently
necessitated hospitalization, resulting in classification as
a serious AE. This event was judged possibly related to
study treatment and resolved on day 23 after interruption of
both napabucasin and sorafenib; pyrexia was not observed
after restarting napabucasin treatment. The Data and Safety
Monitoring Board recommended expanding the study to
include three additional patients (the expansion cohort); no
serious AEs occurred in that cohort.

In the safety analysis population (N = 6), a total of
52 AEs occurred in six patients; of these, 19 ADRs
occurred in five patients (Table 2). The most frequently
reported AEs were diarrhea (5/6 patients [83.3%]) and
palmar-plantar erythrodysesthesia (PPE) syndrome
(4/6 patients [66.7%]). All these events were grade 1
or 2. The only grade > 3 AE occurring in more than
one patient was lipase increased, and these events
were not judged to be causally related to napabucasin.
The most frequent ADRs were diarrhea (4/6 [66.7%]),
hypoalbuminemia (2/6 [33.3%]), and decreased appetite
(2/6 [33.3%]).

During the study, the only AEs resulting in napabuca-
sin and sorafenib treatment discontinuation occurred in
the patient who died (necrotizing fasciitis and meningitis
bacterial). Two events of pyrexia occurring in two patients
resulted in napabucasin interruption; no AEs leading to
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Table 1 Patient baseline demographic and clinical characteristics
(safety analysis population)

Patients [N = 6]

Male sex 5(83.3)

Age, years [median (range)] 72.0 (63, 80)
> 65 4 (66.7)

Weight, kg [median (range)] 62.9 (51.0,73.7)

ECOG performance status

0 5(83.3)

1 1(16.7)
Disease stage

1A 2(33.3)

IVA 1(16.7)

IVB 3 (50.0)
Disease duration, years [median (range)] 6.1 (0.0, 12.1)
Disease status

New onset 0

Relapse 6 (100)
Presence of vascular invasion 3(50.0)
Number of extrahepatic metastatic sites

0 4 (66.7)

1 2(33.3)
Chronic liver disease®

Hepatitis B 2 (33.3)

Hepatitis C 3(50.0)

Hepatitis alcoholic 0

NASH/NAFLD 0

Other 3 (50.0)
Child—Pugh class

A (5-6 points) 6 (100)

B (7-9 points) 0

C (10-15 points) 0
Prior treatment®

Surgery 4 (66.7)

Local therapy 4 (66.7)

Radiofrequency ablation 4 (66.7)

TACE 5(83.3)

Radiotherapy 1(16.7)

Systemic medication 0

Data are expressed as n (%) unless otherwise specified. All patients
were Asian—none were Hispanic or Latino; all had Child-Pugh
Class A disease (per the inclusion requirements)

ECOG Eastern Cooperative Oncology Group, NAFLD non-alcoholic
fatty liver disease, NASH non-alcoholic steatohepatitis, TACE
transarterial chemoembolization

*Patients could be included in multiple categories

napabucasin dose reduction occurred. AEs leading to
sorafenib interruption occurred in three patients—pyrexia
in two patients, and PPE syndrome and hypertension in
one patient. Eight AEs resulting in sorafenib dose reduc-
tion occurred in four patients—PPE syndrome, white
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Table2 Summary of AEs and ADRs (safety analysis population)

Outcome AE ADR
Patients reporting > 1 event 6 (100) 5(83.3)
Patients reporting > 1 serious event 2(33.3) 1(16.7)
Patients with events leading to death 1(16.7) 0
Patients with events leading to napabucasin dose modification

Withdrawn 1(16.7) 0

Interrupted 2(33.3) 1(16.7)

Reduced 0 0
Patients with events leading to sorafenib dose modification

Withdrawn 1(16.7) 0

Interrupted 3(50.0) 1(16.7)

Reduced 4 (66.7) 3(50.0)
Events occurring in > 2 patients Grade 12 Grade >3 Grade 12 Grade > 3
Diarrhea 5(83.3) 4(66.7) 0
PPE syndrome 4 (66.7) 0 0 0
Lipase increased 0 2(33.3) 0 0
Decreased appetite 2(33.3) 0 2(33.3) 0
Hypoalbuminemia 2(33.3) 0 2(33.3) 0
Pyrexia 2(33.3) 0 1(16.7) 0
Constipation 2(33.3) 0 0 0
Dysgeusia 2(33.3) 0 0 0
Proteinuria 2(33.3) 0 0 0
Amylase increased 1(16.7) 1(16.7) 0 0
Hypertension 1(16.7) 1(16.7) 0 0

Data are expressed as n (%). AEs were classified according to the Medical Dictionary for Regulatory Activities version 17.1, and severity was
categorized using the Common Terminology Criteria for Adverse Events version 4.03

ADRs adverse drug reactions, AEs adverse events, PPE palmar-plantar erythrodysesthesia

blood cell count decreased, platelet count decreased, and
aspartate aminotransferase increased all occurring in
one patient, and diarrhea, nausea and neutrophil count
decreased in one patient each.

No clinically problematic changes were observed in
systolic blood pressure, diastolic blood pressure, pulse
rate, body temperature, weight, and 12-lead ECG.

3.3 Pharmacokinetics

Summary statistics for plasma napabucasin PK parameters
(n = 3) are shown in Table 3. The mean plasma napabucasin
concentration reached a maximum of 425 ng/mL by 6 h after
the initial dose (day 1) and subsequently decreased to 20
ng/mL by day 2 (24 h after the initial dose). After repeated
napabucasin administration, the predose concentration on
day 29 was 295 ng/mL, reaching a maximum of 580 ng/
mL by 6 h postdose and decreasing to 334 ng/mL by 12 h
postdose (Online Resource 2).

After repeated administration of napabucasin with
concomitant sorafenib, C,,, and AUC,, of napabucasin
increased, compared with those on day 1 after single-dose
napabucasin administration. However, ¢,,,, of napabucasin
did not show any notable change (Table 3). As two patients
did not receive sorafenib on days 26-28, only one patient
had available PK data for sorafenib on day 29. As such, no
conclusions could be drawn regarding sorafenib PK param-
eters in these patients, and the effects of sorafenib on the PK

of napabucasin will require additional clarification.
3.4 Efficacy Outcomes

In the ITT population (N = 6), the best overall response was
SD in four patients and PD in two patients (per RECIST 1.1),
resulting in a disease control rate of 66.7% (4/6 patients).
In the determination according to mRECIST for HCC
(Table 4), one patient was not evaluable due to a lack of
liver lesions. One patient had an overall response of PD due
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Table 3 PK parameters of plasma napabucasin (PK population)

Crax [Dg/ AUC, AUC,, AUC tax (D] 1, Az [h] Az [h] MRT [h] Chin [ng/mL]
mL] [ng-h/mL] [ng-h/mL] [ng-h/mL]
Day I (n=23)
Mean (SD)  440.7 3436.7 4281.0 4519.9 4.6 5.4 0.2 9.4 -
(168.5) (1236.4) (1255.6) (909.5) (1.0) 4.4) 0.1) 4.2)
Median 456.0 (265, 3739.0 4702.3 4728.2 4.0 (4.0,5.8) 3.0(2.8, 0.2 (0.1, 7.3 (6.7, -
(min, max) 601) (20717, (2869, (3524, 10.5) 0.3) 14.2)
4494) 5272) 5307)
CV% 38.2 36.0 29.3 20.1 22.5 81.3 55.6 444 -
Geometric 417.2 (43.5) 3268.0 4143.1 4455.3 4.5 (21.7) 4.4 (86.8) 0.2 (86.8) 8.8 (43.0) -
mean (42.0) (33.2) (21.3)
(geometric
CV%)
Day 29 (n=3)
Mean (SD) 643.3 5801.7 8411.2 9866.5 4.0 (2.0) 8.3 (1.0) 0.1 (0.0) 13.2 (1.5) 291.3 (92.9)
(207.9) (1420.7) (2188.7) (2734.3)
Median 578.0 (476, 6041.4 9082.8 11,053.7 3.9(2.1,6.0) 8.5(7.2, 0.1 (0.1, 13.3(11.8, 306.0 (192,
(min, max)  876) (4276, (5965, (6739, 9.2) 0.1) 14.6) 376)
7087) 10,185) 11,806)
CV% 32.3 24.5 26.0 27.7 49.3 12.4 12.9 10.9 31.9
Geometric 622.3 (31.9) 5678.5 8202.5 9581.1 3.65(57.3) 8.22(12.7) 0.08(12.7) 13.19(11.1) 280.6 (35.5)
mean (26.3) (28.7) (31.4)
(geometric
CV%)

AUC;, area under the plasma concentration—time curve from time zero to 12 h, AUC,, area under the plasma concentration—time curve

from time zero to 24 h, AUC,, area under the plasma concentration-time curve from time zero to infinity, C

concentration, C,

to the appearance of a new lesion (peritoneal dissemination),
but nonetheless demonstrated a reduction of > 50% in the
original target lesion on day 114.

Two patients had disease control lasting > 12 weeks. By
the end of the study, PFS events (according to RECIST 1.1
or mRECIST for HCC) had occurred in all six patients, and
five patients had died. The median PFS, calculated using
Kaplan—Meier methodology, was 3.2 months (per RECIST
1.1) and 3.8 months (per mRECIST for HCC), and the
6-month PFS rate was 16.7 and 20.0%, respectively. The
median OS was 12.6 months and the 12-month OS rate was
50.0%.

4 Discussion

In this open-label, uncontrolled trial, the tolerability and
safety of napabucasin (480 mg/day) in combination with
sorafenib (800 mg/day) in Japanese patients with HCC
were investigated. Although no DLTs occurred during the
DLT assessment period, the observation of serious AEs
resulting in death resulted in the addition of an expansion
cohort to confirm the safety and tolerability. The death was
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'nae Maximum observed plasma

'min Minimum observed plasma concentration, CV coefficient of variation, Az elimination rate constant, MRT mean residence
time, max maximum, min minimum, PK pharmacokinetic, SD standard deviation, #,, elimination half-life, ¢,

> Pmax time to Cmax

deemed to be due to hepatic cirrhosis and unlikely to be
treatment-related, and was investigated and evaluated by
the Data and Safety Monitoring Board prior to making the
decision to proceed with additional patient enrolment. No
serious AEs occurred in the expansion cohort.

Overall, the AEs occurring in this study were not
significantly different from those reported during
napabucasin [17, 23] and sorafenib [8] monotherapy.
In both healthy volunteers and patients with advanced
solid tumors, the most common AE associated with
administration of single-agent napabucasin 480 mg/day
was grade 1/2 diarrhea (healthy volunteers, 4/7 individuals
[57.1%] and 9/17 individuals [52.9%] [24]; solid tumors,
1/3 patients [33.3%] [23]).

The PK results for napabucasin were also consistent with
prior publications. In this analysis, after repeated administra-
tion, napabucasin exposure increased compared with day 1,
although 7, was not notably different. Similar results have
been reported with the 480 mg/day dose in both healthy vol-
unteers [24] and patients with advanced solid tumors [23].
Due to a lack of sorafenib PK data, the impact of sorafenib
on the PK of napabucasin could not be definitively evalu-
ated. However, no DLTs occurred in the DLT cohort, and
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Table 4 Efficacy outcomes
(intention-to-treat analysis
population)

RECIST 1.1 [n = 6] mRECIST for
hepatocellular

carcinoma [n = 6]

Response [ (%)]
Complete response
Partial response
Stable disease
Progressive disease
Not evaluated

Disease control rate [ (%)]
Disease control for > 12 weeks

Median PFS, months
6-month PFS rate, %

Median OS, months
12-month OS rate, %

0 0
0 0
4(66.7) 4(66.7)
2(33.3) 1(16.7)
0 1(16.77°
4(66.7) 4(66.7)
2(33.3) 2(33.3)
32 3.8

16.7 20.0
12.6 -

50.0 -

mRECIST modifed RECIST, PFS
Evaluation Criteria in Solid Tumors

“Due to a lack of liver lesions

although DLTs were not assessed in the expansion cohort,
no AEs that would have met the criteria for DLTs occurred
in that cohort either; thus, it was considered that no signifi-
cant safety and tolerability issues were associated with this
treatment combination.

The interpretation of the efficacy data was limited by the
small number of patients. In this analysis, the best overall
response was SD in 4/6 patients, for a disease control rate
of 66.7%. In addition to the small sample size, this analysis
was limited by the inclusion of only Japanese patients, which
reduced the generalizability of the data. Moreover, we must
consider the results in the current clinical context: in the
time since this study was initiated, several other studies
of napabucasin in various cancer types have reported
disappointing results [13—17], leading to a halt in clinical
development. However, interest in elevating ROS levels
[25, 26] and modulation of downstream pathways (such
as STAT3 [27, 28]) remains high, and it now appears that
treatment should be closely tailored to the specific tumor
type and oncogenic environment for optimal benefits [29,
30].

Given the manageable safety profile, larger-scale studies
to revisit and further investigate the clinical efficacy of
napabucasin in HCC may have been warranted; however,
development of this particular drug was terminated by
the manufacturer. Nonetheless, clinical assessment of
combination therapies for HCC remains a key focus of
research in this field, with multiple human trials involving
arange of drug classes currently in progress. Ongoing drug
development may also identify additional candidates capable
of modulating ROS levels and/or the STAT3 pathway for
future evaluation.

progression-free survival, OS overall survival, RECIST Response

5 Conclusions

The results of this phase I analysis suggest that concomitant
treatment with napabucasin and sorafenib is viable, without
safety or tolerability concerns, for Japanese patients with
unresectable HCC.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40268-023-00416-8.

Acknowledgements The authors thank Sally-Anne Mitchell, PhD, of
McCann Health CMC, Japan, for providing medical writing support,
which was funded by Sumitomo Pharma Co., Ltd.

Declarations

Funding This study was supported by research funding from Sumi-
tomo Pharma Co., Ltd. Development of napabucasin by Sumitomo
Pharma Co., Ltd has now been suspended.

Conflict of interest Takuji Okusaka has received grants and personal
fees from AstraZeneca K.K., Chugai Pharmaceutical Co., Ltd, Su-
mitomo Dainippon Pharma Co., Ltd, Eisai Co., Ltd and Incyte Bio-
sciences Japan GK; received grants from EP-CRSU Co., Ltd, Linical
Co., Ltd, MSD K.K., and Syneos Healthfrom; and received personal
fees from Bristol-Myers Squibb Company, Daiichi Sankyo Co., Ltd,
Eli Lilly Japan K.K., Fujifilm Toyama Chemical Co., Ltd, Johnson &
Johnson K.K., Mundipharma K.K., Nihon Servier Co., Ltd, Nippon
Shinyaku Co., Ltd, Ono Pharmaceutical Co., Ltd, Pfizer Japan Inc.,
Taiho Pharmaceutical Co. Ltd, Teijin Pharma Ltd, and Yakult Honsha
Co., Ltd. Shuichi lino and Rie Kageyama are employees of Sumitomo
Pharma Co., Ltd. Manabu Morimoto, Yuichiro Eguchi, and Shinichiro
Nakamura have no conflicts of interest to declare.

Ethics approval This study was conducted in accordance with Good
Clinical Practice ordinance, the ethical principles that have their origins
in the Declaration of Helsinki, and all relevant national and interna-
tional regulatory requirements. The protocol and all other study docu-

A\ Adis


https://doi.org/10.1007/s40268-023-00416-8

106

T. Okusaka et al.

mentation were approved by the Institutional Review Board of each
study center before enrollment of any patients into the study.

Consent to participate All patients provided written informed consent
for study participation.

Consent for publication Not applicable.

Availability of data and material The research data underlying this
study are subject to restrictions and cannot be shared.

Author contributions Takuji Okusaka, Manabu Morimoto, Yuichiro
Eguchi, Shinichiro Nakamura, Shuichi Iino, and Rie Kageyama con-
tributed to the study design and conduct, and to data collection. Data
analysis was performed by Shuichi Iino and Rie Kageyama, and all
authors contributed to data interpretation. All authors substantively
reviewed each manuscript draft and approved the final version.

Code availability Not applicable.

Open Access This article is licensed under a Creative Commons
Attribution-NonCommercial 4.0 International License, which permits
any non-commercial use, sharing, adaptation, distribution and
reproduction in any medium or format, as long as you give appropriate
credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The
images or other third party material in this article are included in the
article's Creative Commons licence, unless indicated otherwise in a
credit line to the material. If material is not included in the article's
Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder. To view a copy
of this licence, visit http://creativecommons.org/licenses/by-nc/4.0/.

References

1. International Agency for Research on Cancer and the World
Health Organization. Globocan cancer statistics 2020: liver cancer
factsheet. Available at: https://gco.iarc.fr/today/data/factsheets/
cancers/1 1-Liver-fact-sheet.pdf. Accessed 5 Sep 2022.

2. Ministry of Health, Labour and Welfare. Vital statistics of Japan
2018. Available at: https://www.mhlw.go.jp/english/database/db-
hw/dl/81-1a2en.pdf. Accessed 5 Sep 2022.

3. Kudo M, Izumi N, Kubo S, Kokudo N, Sakamoto M, Shiina S,
et al. Report of the 20th nationwide follow-up survey of primary
liver cancer in Japan. Hepatol Res. 2020;50:15-46. https://doi.org/
10.1111/hepr.13438.

4. Llovet JM, Kelley RK, Villanueva A, Singal AG, Pikarsky E,
Roayaie S, et al. Hepatocellular carcinoma. Nat Rev Dis Primers.
2021;7:6. https://doi.org/10.1038/s41572-020-00240-3.

5. Akada K, Koyama N, Taniguchi S, Miura Y, Aoshima K. Data-
base analysis of patients with hepatocellular carcinoma and treat-
ment flow in early and advanced stages. Pharmacol Res Perspect.
2019;7: €00486. https://doi.org/10.1002/prp2.486.

6. Kudo M, Izumi N, Sakamoto M, Matsuyama Y, Ichida T,
Nakashima O, et al. Survival analysis over 28 years of 173,378
patients with hepatocellular carcinoma in Japan. Liver Cancer.
2016;5:190-7. https://doi.org/10.1159/000367775.

7. Roayaie S, Obeidat K, Sposito C, Mariani L, Bhoori S, Pel-
legrinelli A, et al. Resection of hepatocellular cancer <2 cm:
results from two Western centers. Hepatology. 2013;57:1426-35.
https://doi.org/10.1002/hep.25832.

A\ Adis

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Llovet JM, Ricci S, Mazzaferro V, Hilgard P, Gane E, Blanc JF,
et al. Sorafenib in advanced hepatocellular carcinoma. N Engl
J Med. 2008;359:378-90. https://doi.org/10.1056/NEJMoa0708
857.

National Comprehensive Cancer Network. NCCN clinical
practice guidelines in oncology: hepatobiliary cancers. Ver-
sion 2.2022. Available at: https://www.nccn.org/professionals/
physician_gls/pdf/hepatobiliary.pdf. Accessed 5 Sep 2022.
Froeling FEM, Swamynathan MM, Deschenes A, Chio IIC, Bro-
snan E, Yao MA, et al. Bioactivation of napabucasin triggers
reactive oxygen species-nediated cancer cell death. Clin Can-
cer Res. 2019;25:7162-74. https://doi.org/10.1158/1078-0432.
CCR-19-0302.

Kawazoe A, Kuboki Y, Shinozaki E, Hara H, Nishina T,
Komatsu Y, et al. Multicenter phase I/II trial of napabucasin
and pembrolizumab in patients with metastatic colorectal cancer
(EPOC1503/SCOQP trial). Clin Cancer Res. 2020;26:5887-94.
https://doi.org/10.1158/1078-0432.CCR-20-1803.

Taniguchi H, Masuishi T, Kawazoe A, Muro K, Kadowaki S,
Bando H, et al. Phase I study of napabucasin in combination
with FOLFIRI + bevacizumab in Japanese patients with meta-
static colorectal cancer. Int J Clin Oncol. 2021;26:2017-24.
https://doi.org/10.1007/s10147-021-01987-9.

Shah MA, Sitara K, Lordick F, Bang Y-J, Tebbutt NC, Metges
J-P, et al. The BRIGHTER trial: a phase 3 randomized double-
blind study of napabucasin (NAPA) plus paclitaxel (PTX) ver-
sus placebo (PBO) plus PTX in patients (pts) with pretreated
advanced gastric and gastroesophageal junction (GEJ) adeno-
carcinoma. J Clin Oncol. 2018;36:4010. https://doi.org/10.1200/
JCO.2018.36.15_suppl.4010. (congress abstract).

Sonbol MB, Bekaii-Saab T. A clinical trial protocol paper dis-
cussing the BRIGHTER study. Future Oncol. 2018;14:901-6.
https://doi.org/10.2217/fon-2017-0406.

Bekaii-Saab T, Okusaka T, Goldstein D, Oh D, Ueno M, Ioka T,
et al. Napabucasin + nab-paclitaxel with gemcitabine in patients
(pts) with metastatic pancreatic adenocarcinoma (mPDAC):
results from the phase III CanStem111P study. Ann Oncol.
2021;32:S1084-95. https://doi.org/10.1016/j.annonc.2021.08.
794

Shah M, Yoshino T, Tebbutt N, Grothey A, Tabernero J, Xu R,
et al. FOLFIRI + napabucasin in patients with previously treated
metastatic colorectal cancer: overall survival results from the
phase 3 CanStem303C study. Ann Oncol. 2021;32:5220. https://
doi.org/10.1016/j.annonc.2021.05.011. (congress abstract
0-7).

Jonker DJ, Nott L, Yoshino T, Gill S, Shapiro J, Ohtsu A, et al.
Napabucasin versus placebo in refractory advanced colorectal
cancer: a randomised phase 3 trial. Lancet Gastroenterol Hepatol.
2018;3:263-70. https://doi.org/10.1016/S2468-1253(18)30009-8.
Lee C, Cheung ST. STAT3: an emerging therapeutic target for
hepatocellular carcinoma. Cancers (Basel). 2019. https://doi.org/
10.3390/cancers11111646.

Li Y, Han Q, Zhao H, Guo Q, Zhang J. Napabucasin reduces
cancer stem cell characteristics in hepatocellular carcinoma. Front
Pharmacol. 2020;11:597520. https://doi.org/10.3389/fphar.2020.
597520.

El-Rayes BF, Richards DA, Cohn AL, Richey SL, Feinstein T,
Kunandra MN, et al. BBI608-503-103HCC: a phase Ib/II clinical
study of napabucasin (BBI608) in combination with sorafenib
or amcasertib (BBI503) in combination with sorafenib (Sor) in
adult patients with hepatocellular carcinoma (HCC). J Clin Oncol.
2017;35(15 Suppl):abstract 4077.

. Noda N, Takagaki T, Yodo Y, Horibuchi Y, lino S, Matsuki S,

et al. Effects of a reactive oxygen species generator, napabucasin
(BBI608), on tolerability, safety, pharmacokinetics, and QT/QTc


http://creativecommons.org/licenses/by-nc/4.0/
https://gco.iarc.fr/today/data/factsheets/cancers/11-Liver-fact-sheet.pdf
https://gco.iarc.fr/today/data/factsheets/cancers/11-Liver-fact-sheet.pdf
https://www.mhlw.go.jp/english/database/db-hw/dl/81-1a2en.pdf
https://www.mhlw.go.jp/english/database/db-hw/dl/81-1a2en.pdf
https://doi.org/10.1111/hepr.13438
https://doi.org/10.1111/hepr.13438
https://doi.org/10.1038/s41572-020-00240-3
https://doi.org/10.1002/prp2.486
https://doi.org/10.1159/000367775
https://doi.org/10.1002/hep.25832
https://doi.org/10.1056/NEJMoa0708857
https://doi.org/10.1056/NEJMoa0708857
https://www.nccn.org/professionals/physician_gls/pdf/hepatobiliary.pdf
https://www.nccn.org/professionals/physician_gls/pdf/hepatobiliary.pdf
https://doi.org/10.1158/1078-0432.CCR-19-0302
https://doi.org/10.1158/1078-0432.CCR-19-0302
https://doi.org/10.1158/1078-0432.CCR-20-1803
https://doi.org/10.1007/s10147-021-01987-9
https://doi.org/10.1200/JCO.2018.36.15_suppl.4010
https://doi.org/10.1200/JCO.2018.36.15_suppl.4010
https://doi.org/10.2217/fon-2017-0406
https://doi.org/10.1016/j.annonc.2021.08.794
https://doi.org/10.1016/j.annonc.2021.08.794
https://doi.org/10.1016/j.annonc.2021.05.011
https://doi.org/10.1016/j.annonc.2021.05.011
https://doi.org/10.1016/S2468-1253(18)30009-8
https://doi.org/10.3390/cancers11111646
https://doi.org/10.3390/cancers11111646
https://doi.org/10.3389/fphar.2020.597520
https://doi.org/10.3389/fphar.2020.597520

Phase | Investigation of Napabucasin Plus Sorafenib in Japanese Patients with Unresectable HCC 107

22.

23.

24.

25.

interval in healthy volunteers. Pharmacol Res Perspect. 2021;9:
e00874. https://doi.org/10.1002/prp2.874.

Lencioni R, Llovet JM. Modified RECIST (mRECIST) assessment
for hepatocellular carcinoma. Semin Liver Dis. 2010;30:52-60.
https://doi.org/10.1055/s-0030-1247132.

Kawazoe A, Kuboki Y, Bando H, Fukuoka S, Kojima T, Naito
Y, et al. Phase 1 study of napabucasin, a cancer stemness inhibi-
tor, in patients with advanced solid tumors. Cancer Chem-
other Pharmacol. 2020;85:855-62. https://doi.org/10.1007/
$00280-020-04059-3.

Dai X, Karol MD, Hitron M, Hard ML, Goulet MT, McLaughlin
CF, et al. Napabucasin drug—drug interaction potential, safety,
tolerability, and pharmacokinetics following oral dosing in healthy
adult volunteers. Clin Pharmacol Drug Dev. 2021;10:824-39.
https://doi.org/10.1002/cpdd.961.

Nakamura H, Takada K. Reactive oxygen species in cancer: cur-
rent findings and future directions. Cancer Sci. 2021;112:3945-
52. https://doi.org/10.1111/cas.15068.

26.

27.

28.

29.

30.

Perillo B, Di Donato M, Pezone A, Di Zazzo E, Giovannelli P,
Galasso G, et al. ROS in cancer therapy: the bright side of the
moon. Exp Mol Med. 2020;52:192-203. https://doi.org/10.1038/
$12276-020-0384-2.

Taniguchi K, Tsugane M, Asai A. A brief update on STAT3 sign-
aling: current challenges and future directions in cancer treatment.
J Cell Signal. 2021;2:181-94.

Zou S, Tong Q, Liu B, Huang W, Tian Y, Fu X. Targeting STAT3
in cancer immunotherapy. Mol Cancer. 2020;19:145. https://doi.
org/10.1186/512943-020-01258-7.

Tolomeo M, Cascio A. The multifaced role of STAT3 in cancer
and its implication for anticancer therapy. Int J] Mol Sci. 2021.
https://doi.org/10.3390/ijms22020603.

Weinberg F, Ramnath N, Nagrath D. Reactive oxygen species in
the tumor microenvironment: an overview. Cancers (Basel). 2019.
https://doi.org/10.3390/cancers11081191.

A\ Adis


https://doi.org/10.1002/prp2.874
https://doi.org/10.1055/s-0030-1247132
https://doi.org/10.1007/s00280-020-04059-3
https://doi.org/10.1007/s00280-020-04059-3
https://doi.org/10.1002/cpdd.961
https://doi.org/10.1111/cas.15068
https://doi.org/10.1038/s12276-020-0384-2
https://doi.org/10.1038/s12276-020-0384-2
https://doi.org/10.1186/s12943-020-01258-7
https://doi.org/10.1186/s12943-020-01258-7
https://doi.org/10.3390/ijms22020603
https://doi.org/10.3390/cancers11081191

	A Phase I Study to Investigate the Safety, Tolerability and Pharmacokinetics of Napabucasin Combined with Sorafenib in Japanese Patients with Unresectable Hepatocellular Carcinoma
	Abstract
	Background and Objective 
	Methods 
	Results 
	Conclusions 
	Clinical Trial Registration 

	1 Introduction
	2 Methods
	2.1 Patients
	2.2 Study Design and Treatment
	2.3 Endpoints
	2.4 Statistical Methods

	3 Results
	3.1 Patients
	3.2 Safety and Tolerability
	3.3 Pharmacokinetics
	3.4 Efficacy Outcomes

	4 Discussion
	5 Conclusions
	Anchor 21
	Acknowledgements 
	References




