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Abstract

Purpose: Effective second-line chemotherapy options are limited in treating ad-
vanced biliary tract cancers (BTCs). Resminostat is an oral histone deacetylase in-
hibitor. Such inhibitors increase sensitivity to fluorouracil, the active form of S-1.
In the phase I study, addition of resminostat to S-1 was suggested to have promis-
ing efficacy for pre-treated BTCs. This study investigated the efficacy and safety of
resminostat plus S-1 in second-line therapy for BTCs.

Methods: Patients were randomly assigned to receive resminostat or placebo (200 mg
orally per day; days 1-5 and 8—12) and S-1 group (80-120 mg orally per day by body
surface area; days 1-14) over a 21-day cycle. The primary endpoint was progression-
free survival (PFS). Secondary endpoints comprised overall survival (OS), response
rate (RR), disease control rate (DCR), and safety.

Results: Among 101 patients enrolled, 50 received resminostat+S-1 and 51 received
placebo+S-1. Median PFS was 2.9 months for resminostat+S-1 vs. 3.0 months for
placebo+S-1 (HR: 1.154,95% CI: 0.759-1.757, p = 0.502); median OS was 7.8 months
vs. 7.5 months, respectively (HR: 1.049, 95% CI: 0.653—1.684, p = 0.834); the RR
and DCR were 6.0% vs. 9.8% and 70.0% vs. 78.4%, respectively. Treatment-related
adverse events (TrAEs) of grade > 3 occurring more frequently (>10% difference)
in the resminostat+S-1 than in the placebo+S-1 comprised platelet count decreased
(18.0% vs. 2.0%) and decreased appetite (16.0% vs. 2.0%).

Conclusions: Resminostat plus S-1 therapy improved neither PFS nor OS for patients
with pre-treated BTCs. Addition of resminostat to S-1 was associated with higher
incidence of TrAEs, but these were manageable (JapicCTI-183883).
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new therapeutic options for previously untreated BTCs in
Japan. Currently, there is no global standard of care for second-

Although biliary tract cancers (BTCs) occur infrequently,
the mortality rate is high.' In Japan, gallbladder and bile
duct cancers were ranked sixth as the cause of cancer death
in 2018.% The only radical treatment available for BTCs
is surgical intervention. Because BTCs are often already
unresectable by the time they are diagnosed, this option is
not feasible in such patients. Even after curative surgery,
the rate of recurrence is high, conferring a poor prognosis.3
Therefore, systemic chemotherapy is considered to be the
first therapeutic option in treating patients with advanced
BTCs.

The standard first-line chemotherapy regimen for lo-
cally advanced or metastatic BTCs is gemcitabine plus cis-
platin (GC).* In recent years, two Japanese phase III studies
(JCOG1113 and KHBO1401-MITSUBA) have shown the
benefits of gemcitabine or GC in combination with the oral
fluoropyrimidine S-1 as first-line regimens for treating ad-
vanced/recurrent BTCs.>® These two regimens have become

line treatment in BTC patients. S-1 monotherapy has widely
been used in this setting in Japan, however, due to favorable
results from single-arm studies of second-line S-1 monother-
apy.7’8 A recent UK-based phase III study (ABC-06) demon-
strated the benefits of combining fluorouracil with leucovorin
and oxaliplatin (mFOLFOX6) over active symptom control in
second-line BTC treatment for progressive disease following
GC therapy.9 Whether second-line FOLFOX is more effective
than fluoropyrimidine treatment alone (e.g., S-1) in the pa-
tients with BTCs remains unclear.'® Hence, second-line thera-
peutic options for pre-treated BTCs are limited.

Resminostat inhibits class I, IIb, and IV histone deacety-
lases (HDACs), which function as epigenetic regulators.
By acting on the histones in the nucleosome, they modu-
late the structure of chromatin, regulating the expression of
a variety of genes involved in the control of cell survival,
proliferation, differentiation, and apoptosis.”‘12 HDACs
are overexpressed in a wide variety of cancers, including
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BTCs, and data have suggested that their overexpression
is associated with more advanced disease and poorer
prognosis.w’14

Fluorouracil, the active form of S-1, inhibits deoxyri-
bonucleic acid biosynthesis by forming a ternary complex
with thymidylate synthase (TS) and a reduced form of
folic acid.’® TS controls the tumor cell sensitivity to flu-
orouracil. Preclinical data suggested that repeated expo-
sure of tumor cells to fluorouracil enhances the expression
of TS, increasing resistance to fluorouracil.'”>'® Another
study also reported that patients expressing high levels of
TS were resistant to S-1 therapy.17 It has been suggested
that HDAC inhibitors increase the sensitivity of lung can-
cer cell lines to fluorouracil by suppressing expression of
TS." These findings have led to the hypothesis that the
addition of resminostat to S-1 would result in enhanced
antitumor activity. Patients with BTCs receiving resminos-
tat plus S-1 as second or subsequent therapy in a previous
phase I study showed a median progression-free survival
(PES) of 5.5 months and median overall survival (OS) of
10.2 months.'® These outcomes were more favorable than
those seen with various other second-line treatments for
BTC patients (median PFS of 3.2 months; median OS of
7.2 months) according to one meta-analysis.20 The purpose
of the present phase II study was to compare the efficacy
and safety of resminostat plus S-1 with those of placebo
plus S-1 in second-line therapy for BTC patients with dis-
ease progression following treatment with a gemcitabine
plus platinum-based regimen.

2 | MATERIALS AND METHODS

2.1 | Patients

The eligibility criteria included the following: unresectable/
recurrent BTCs, including cancers of the intra- or extrahe-
patic bile ducts, the gallbladder, and the ampulla of Vater;
pathologically confirmed adenocarcinoma; only one prior
systemic chemotherapy regimen consisting of gemcitabine
and a platinum agent; disease progression confirmed by
the investigator based on available imaging reports; at least
one measurable tumor lesion according to the Response
Evaluation Criteria in Solid Tumors (RECIST) version 1.1;
Eastern Cooperative Oncology Group performance status
(ECOG PS) of 0 or 1; age 20-79 years; life expectancy of at
least 12 weeks; and adequate organ and bone marrow func-
tion (hemoglobin >9.0 g/dl, neutrophil count >1500/mm?,
platelet count 2100,000/mm3, aspartate transaminase and
alanine transaminase <2.5 X the institutional upper limit of
normal, serum total bilirubin <2.0 mg/dl, serum creatinine
<1.5 mg/dl, creatinine clearance >60 ml/min, and Fridericia-
corrected QT interval <460 msec).

The exclusion criteria included the following: prior treat-
ment with HDAC inhibitors, prior fluoropyrimidine treat-
ment (except for adjuvant or neoadjuvant chemotherapy),
prior radiation therapy for BTCs, history of myocardial in-
farction within 6 months prior to enrollment or cardiovas-
cular complications, ascites requiring treatment, clinically
significant bone metastasis, and known or suspected brain
metastasis.

The protocol of this study received approval from the
institutional review board of each participating site. It was
performed according to the requirements of Good Clinical
Practice and the Declaration of Helsinki. Before enrollment,
all patients provided written informed consent.

2.2 | Study design
This was a multi-center, randomized, placebo-controlled,
double-blind, phase II study (registered with JAPIC Clinical
Trials Information, identifier: JapicCTI-183883). It was
performed at 21 sites in Japan. The patients were randomly
assigned in a ratio of 1:1 to receive resminostat+S-1 or
placebo+S-1 by the minimization method, with stratification
according to site, primary tumor site (gallbladder vs. others),
a history of postoperative recurrence (yes vs. no), and ECOG
PS (0 vs. 1). Enrollment and assignment were performed
using the interactive web response system.

The primary endpoint comprised PFS as assessed by the
investigator; secondary endpoints were OS, response rate
(RR), disease control rate (DCR), and safety.

2.3 | Treatments

Each patient was scheduled to receive either resminostat
200 mg or placebo once daily after meals on days 1-5 and
8—12 over a 21-day cycle. S-1 (80 mg/day for body surface
area [BSA] of <1.25 m?, 100 mg/day for BSA of 1.25 to
<1.50 m?, and 120 mg/day for BSA of >1.50 m?) was admin-
istered twice daily after meals on days 1-14.

Treatment was to be continued unless disease progression,
consent withdrawal, unacceptable toxicity, or criteria indicat-
ing the need for discontinuation were observed. Resminostat
or placebo was discontinued if grade >3 QT interval prolon-
gation developed. The doses of resminostat/placebo were
reduced if grade 4 platelet count decreased and developed.
The dose of S-1 was reduced for grade 4 platelet count de-
creased/neutrophil count decreased or for grade >3 mucositis
oral/diarrhea. If other grade >3 clinically significant adverse
events (AEs) occurred, the dose of the drug judged as being
the more likely cause of the AE by the investigator was re-
duced. No dose escalation of resminostat/placebo or S-1 after
reduction was permitted.
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2.4 | Assessment

Tumor response was evaluated by each investigator in ac-
cordance with RECIST version 1.1 at before enrollment, at
weeks 6, 12, 18, and 24, and then every 8 weeks thereafter
until progressive disease. Assessment of AEs was performed
according to the Common Terminology Criteria for Adverse
Events version 4.0.

2.5 | Statistical analysis

PFS in placebo+S-1 was expected to be 3.0 months based
on previous studies of S-1 as second-line therapy for BTCs
and a meta-analysis of second-line therapies for BTCs.”*
In resminostat+S-1, PFS was expected to be 5.0 months
based on the previous phase I study of the same agents.19
With a one-sided significance level of 10% and a statistical
power of 80%, 71 PFS events were required. Assuming a
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12-month accrual and a minimum follow-up of 6 months
from enrollment of the last patient, 82 patients were
needed. Considering that some patients would be lost to
follow-up, 100 patients were planned to be included in this
study.

The safety analysis targeted all patients receiving a min-
imum of one dose of any of the study drugs. The efficacy
analyses were based on the full analysis set comprising all
patients meeting the study eligibility criteria in the safety
analysis population.

The following definitions were set: PFS, time from en-
rollment date to disease progression or death from any
cause; OS, time from enrollment date to death from any
cause. The log-rank test was used to make a comparison of
PFS and OS between treatment groups. Median PFS, me-
dian OS, and their two-sided 95% confidence intervals (CIs)
for each treatment group were estimated using the Kaplan—
Meier method. The hazard ratios (HRs) and their 95% CIs
were calculated using Cox regression analysis. Subgroup

Randomized (n=101)

A

Allocated to resminostat plus S-1 (n=50)
Received treatment (n=50)

Did not receive treatment (n=0)

v

Discontinued resminostat plus S-1 (n=45)
Disease progression (n=41)
Adverse events (n=2)
Other (n=2)

Continuing resminostat plus S-1 (n=5)

Analyzed (n=50)

Excluded from analysis (n=0)

FIGURE 1 Patient flow diagram

\4

Allocated to placebo plus S-1(n=51)
Received treatment (n=51)

Did not receive treatment (n=0)

A 4

Discontinued placebo plus S-1 (n=45)
Disease progression (n=43)
Adverse events (n=1)

Other (n=1)
Continuing placebo plus S-1 (n=6)

Analyzed (n=51)

Excluded from analysis (n=0)
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analyses were preplanned to explore the heterogeneity of
PFS and OS in each subgroup according to patient charac-
teristics and baseline tumor size. The RR (the proportion
of patients whose best overall response was either complete
response [CR] or partial response [PR]), the DCR (the pro-
portion of patients whose best overall response was CR, PR,
or stable disease), and each 95% CI was calculated for an
inter-group comparison.

The primary analysis was conducted at 6 months follow-
ing the date on which the last patient was enrolled (data cut-
off: August 24, 2019). All statistical analyses were carried
out using SAS version 9.3 or 9.4 (SAS Institute).

3 | RESULTS

3.1 | Patients

Between March 2018 and February 2019, 101 patients were
enrolled in this study, of which 50 were randomly assigned to
resminostat+S-1 and 51 to placebo+S-1 (Figure 1). All 101
patients received the study treatments. Baseline characteristics
between groups were observed to be well balanced (Table 1).

3.2 | Treatments

The median number of treatment cycles was 4 (range: 1-18)
in resminostat+S-1 and 4 (range: 1-21) in placebo+S-1. The
median relative dose intensity of resminostat/placebo was
82.4% (range: 25.0-100.0) in resminostat+S-1 and 85.2%
(range: 28.0-100.0) in placebo+S-1, while the median rel-
ative dose intensity of S-1 was 80.2% (range: 17.8-100.0)
and 80.0% (range: 25.8-100.0), respectively. Eleven patients
(10.9%) were still receiving the study treatment (five pa-
tients [10.0%] in resminostat+S-1 and six patients [11.8%] in
placebo+S-1) at the data cut-off. Disease progression was the
most frequent reason for treatment discontinuation in both
groups (41 of 45 patients [91.1%] in resminostat+S-1 and 43
of 45 patients [95.6%] in placebo+S-1).

3.3 | Efficacy
Median follow-up for PFS was 7.2 months (95% CI: 4.1-
12.7) in resminostat+S-1 and 6.7 months (95% CI: 0.0-14.8)
in placebo+S-1. Median PFS was 2.9 months (95% CI: 2.6—
4.5) in resminostat+S-1 compared with 3.0 months (95% CI:
2.8-4.2) in placebo+S-1 (HR: 1.154, 95% CI: 0.759-1.757,
p = 0.502) (Figure 2A).

Median follow-up for OS was 8.0 months (95% CI: 7.1-
12.3) in resminostat+S-1 and 9.5 months (95% CI: 6.8-
12.3) in placebo+S-1. Median OS was 7.8 months (95% CI:

TABLE 1 Baseline characteristics
Resminostat+S-1 Placebo+S-1
(N =50) (N=351)
N % N %
Sex
Male 28 56.0 28 54.9
Female 22 44.0 23 45.1
Race
Asian 50 100.0 51 100.0
Age (years)
Median 64.5 67.0
Range 32-79 39-78
Performance status
0 37 74.0 36 70.6
1 13 26.0 15 29.4
Primary tumor site
Intrahepatic bile duct 23 46.0 19 373
Extrahepatic bile duct 8 16.0 17 333
Gallbladder 13 26.0 10 19.6
Ampulla of Vater 6 12.0 5 9.8
Histopathological diagnosis
Adenocarcinoma 50 100.0 51 100.0
Disease status
Recurrence 16 32.0 19 37.3
Locally advanced 5 10.0 5 9.8
Metastasis 29 58.0 27 52.9
Biliary drainage
No 30 60.0 23 45.1
Yes 20 40.0 28 54.9
Prior chemotherapy
Gemcitabine plus cisplatin® 50 100.0 51 100.0
s-1° 1 2.0 1 2.0
Number of target lesions
1 20 40.0 20 39.2
>2 30 60.0 31 60.8

One patient in placebo+S-1 was treated with gemcitabine+cisplatin as an
adjuvant therapy.

"Two patients treated with S-1 as an adjuvant therapy subsequently received
gemcitabine+cisplatin as first-line therapy after recurrence.

6.2-9.2) in resminostat+S-1 compared with 7.5 months (95%
CIL: 6.0-11.5) in placebo+S-1 (HR: 1.049, 95% CI: 0.653—
1.684, p = 0.834) (Figure 2B).

Three patients (6.0%, 95% CI: 1.3-16.5) in resminos-
tat+S-1 and five patients (9.8%, 95% CI: 3.3-21.4) in pla-
cebo+S-1 achieved PR (p = 0.715), with no patient in either
group achieving CR.

DCR was 70.0% (95% CI: 55.4-82.1) in resminos-
tat+S-1 and 78.4% (95% CI: 64.7-88.7) in placebo+S-1
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FIGURE 2 Progression-free survival and overall survival (A) Progression-free survival and (B) overall survival in full analysis set by Kaplan—
Meier method. HR, hazard ratio; CI, confidence interval
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(p = 0.369) (Table 2). In pre-specified subgroup analyses
for PFS and OS, no survival benefit was observed in any
subgroup (Figure 3).

3.4 | Safety

Treatment-related AEs (TrAEs) with an incidence of >10%
in either group are shown in Table 3. The TrAEs of any
grade that occurred more frequently (>10% difference) with
resminostat+S-1 than placebo+S-1 comprised platelet count
decreased (76.0% vs. 49.0%), nausea (72.0% vs. 41.2%),
decreased appetite (64.0% vs. 41.2%), vomiting (46.0% vs.
13.7%), and dysgeusia (32.0% vs. 21.6%), respectively. The
incidence of grade >3 TrAEs was higher in resminostat+S-
1 than in placebo+S-1 (54.0% vs. 29.4%). The grade >3
TrAEs that occurred more frequently (>10% difference) with
resminostat+S-1 vs. placebo+S-1 were platelet count de-
creased (18.0% vs. 2.0%) and decreased appetite (16.0% vs.
2.0%). The incidence of serious TrAEs was similar between
the treatment groups (14.0% in resminostat+S-1 vs. 13.7% in
placebo+S-1).

No cardiac TrAEs occurred in resminostat+S-1. Grade 2
electrocardiogram QT prolonged was reported in one patient
in placebo+S-1; this was the only cardiac TrAE reported in
this study.

Treatment was discontinued due to a TrAE in a total of
three patients. The TrAEs that required discontinuation of the
study treatment were tumor hemorrhage (one patient [2.0%])
and pneumonitis (one patient [2.0%]) in resminostat+S-1, and
leukoencephalopathy (one patient [2.0%]) in placebo+S-1.

Resminostat+S-1

Treatment-related death occurred in one patient in re-
sminostat+S-1 due to tumor hemorrhage.

4 | DISCUSSION

The aim of this randomized study was to determine whether
adding the HDAC inhibitor resminostat to oral fluoropy-
rimidine S-1 improved survival outcome in BTC patients
after failure of gemcitabine plus platinum-based first-line
therapy. The results demonstrated that resminostat+S-1 pro-
longed neither PFS nor OS in comparison with placebo+S-
1 in second-line treatment for advanced or recurrent
BTCs. Placebo+S-1 showed a median PFS of 3.0 months,
which is identical to that expected with S-1 monotherapy.
Resminostat+S-1 showed a median PFS of only 2.9 months.
The result did not support the findings from the phase I
study19 and indicates that the addition of resminostat to S-1
does not confer a clinical benefit in patients with BTCs com-
pared to S-1 monotherapy.

Various prognostic factors, such as ECOG PS, history of
resection, and tumor markers, have been reported to be asso-
ciated with survival in patients with BTCs.*"*? Therefore, we
reviewed if some of these factors affected the results of the
present study. The results of Cox regression analyses showed
that certain parameters, including some of those identified
above in earlier studies, were prognostic factors (Table S1).
However, no significant imbalance was observed between
the two groups with respect to baseline characteristics in this
study. This suggests that it is unlikely that any baseline char-
acteristics affected the study results.

TABLE 2 Efficacy outcomes
Placebo+S-1

(N =50) (N =151)
N % N %
Best overall response Complete response 0 0.0 0 0.0
Partial response 3 6.0 5 9.8
Stable disease 32 64.0 35 68.6
Progressive disease 15 30.0 10 19.6
Not evaluable 0 0.0 1 2.0
Response rate % [95% CI] 6.0 [1.3-16.5] 9.8 [3.3-21.4]
p-value 0.715
Disease control rate % [95% CI] 70.0 [55.4-82.1] 78.4 [64.7-88.7]
p-value 0.369
Time to response” (months) Median [95% CI] 1.5[1.4-2.9] 2.8 [1.2-14.8]
Duration of response® (months) Median [95% CI] NR [2.6-NR] 7.3 [4.4-8.2]

Abbreviations: CI, confidence interval; NR, not reached.

“Time to response and duration of response were evaluated in the patients who were achieved partial response

or better.
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(A)
Resminostat plus S-1 Placebo plus S-1 HR[95%CI] Interaction
No. of events/N No. of events/N p-value

All 44/50 45/51 1.154[0.759-1.757] e

Sex 0.803
Male 25/28 24/28 1.100[0.627-1.931] ——
Female 19/22 21/23 1.356[0.698-2.635] ———q

Age 0.214
<65 22/25 15/17 0.783[0.402-1.524] ——
265 22/25 30/34 1.397[0.795-2.453] ——

Performance status 0.601
0 32/37 30/36 1.255[0.754-2.087] i
1 12/13 15/15 0.995[0.451-2.192] ——

Primary tumor site’ 0.371
Intrahepatic bile duct 22/23 19/19 1.034[0.550-1.944] ——
Extrahepatic bile duct 5/8 1117 0.893[0.304-2.621] ————
Gallbladder 11/13 10/10 0.838[0.353-1.988] ——
Ampulla of Vater 6/6 5/5 1.724[0.422-7.047] —

Disease status* 0.405
Recurrence 15/16 16/19 1.438[0.706-2.932] =
Locally advanced 4/5 5/5 0.770[0.186-3.189] P
Metastasis 25/29 24/27 0.989[0.560-1.748] ——

Biliary drainage 0.195
No 28/30 22/23 1.613[0.893-2.913] P——
Yes 16/20 23/28 0.881[0.461-1.683] ——

Duration of first-line chemocherapy® (median: 143 days) 0.998
<median 20/22 26/28 1.141[0.627-2.077] ——
>median 24/28 19/22 1.215[0.663-2.226] i

Number of target lesions 0.731
1 15/20 16/20 1.075[0.523-2.209] —
22 29/30 29/31 1.327[0.781-2.254] [

Sum of tumor diameter (median: 53 mm) 0.242
<median 19/25 21/24 0.982[0.522-1.844] F——
>median 25/25 24/27 1.382[0.784-2.437] F——

Location of target legions
Biliary tract 7/9 10/11 0.490[0.184-1.305] i
Liver 36/37 31/33 1.160[0.715-1.885] i
Lung 4/4 8/10 2.335[0.653-8.350] [ —
Bone 11 0/0 -]
Lymph node 8/8 10/11 2.182[0.774-6.150] F—e—
Peritoneum 5/8 2/3 0.604[0.109-3.331] —_—
Other 5/5 2/2 4.399[0.491-39.403] —_—_

Celomic fluid 0.767
No 39/45 35/41 1.255[0.790-1.993] i
Yes 5/5 10/10 1.209[0.398-3.670] N —

CEAT (median: 4.65 ng/mL) 0.770
<median 20/26 20/24 1.228[0.654-2.305] ——
>median 24/24 25/26 1.096[0.615-1.953] F—e—

CA19-9" (median: 346.5 U/mL) 0.150
<median 23/27 19/23 1.626[0.872-3.030] h—
2>median 21/23 26/27 0.882[0.492-1.582] ——

T T T
0.0156 0.25 4 64

«—Resminostat Better Placebo Better—

FIGURE 3 (A) Subgroup analysis of progression-free survival. (B) Subgroup analysis of overall survival. HR, hazard ratio; CI, confidence

interval. "Primary tumor site was categorized as gallbladder or others in calculating interaction p-value. *Disease status was categorized as

recurrence or others in calculating interaction p-value. *One patient in placebo+S-1 treated with gemcitabine-+cisplatin as an adjuvant therapy was

excluded from calculation. "Data were missing for one patient in placebo+S-1

We expected that combining resminostat with S-1 would
result in a synergistic effect manifesting in suppression of
expression of TS. However, tumor resistance to fluorouracil
agents was reported to be due to not only up-regulation of TS
but also other mechanisms.>* Merely suppressing TS alone
might be insufficient to overcome resistance.

In this study, the daily dose of 200 mg resminostat (days
1-5 and 8-12) in combination with S-1 as the recommended
regimen for phase II was selected based on the results of a
previous study.19 On the other hand, maximum HDAC ac-
tivity inhibition with resminostat had been obtained at doses
of 400 mg/day or highelr.24 The recommended dose of re-
sminostat as a single agent was reported to be 800 mg/day in

Japanese patients with solid tumors.” Although the phase I
study for patients with pre-treated biliary tract or pancreatic
cancer supported the lower dose, it might be insufficient to
exert an add-on effect to S-1.

HDAC inhibitors have demonstrated clinical benefits in
some types of hematological malignancy. Pan-HDAC inhib-
itors, including vorinostat and panobinostat, were approved
for use in cutaneous T-cell lymphoma and multiple myeloma.
This suggests that differences in molecular background such
as the frequency of MYC gene abnormality between hema-
tological malignancies and BTCs**?’ might affect the mech-
anism of HDAC inhibitors. In the present study, no marked
findings were obtained to evaluate the influence of molecular
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CEED
(B)
Resminostat plus S-1 Placebo plus S-1 HR[95%CI] Interaction
No. of events/N No. of events/N p-value
All 34/50 35/51 1.049[0.653-1.684] ——
Sex 0.435
Male 18/28 19/28 0.891[0.467-1.699] —e—
Female 16/22 16/23 1.481[0.708-3.097] ———q
Age 0.075
<65 15/25 13/17 0.618[0.293-1.306] ——
265 19/25 22/34 1.500[0.804-2.800] [
Performance status 0.522
23/37 23/36 0.993[0.556-1.773] ——i
1 11/13 12/15 1.284[0.555-2.967] ——
Primary tumor site” 0.470
Intrahepatic bile duct 17/23 13/19 0.958[0.463-1.982] ——
Extrahepatic bile duct 4/8 10/17 0.990[0.308-3.179] —e
Gallbladder 9/13 9/10 0.729[0.288-1.846] ——
Ampulla of Vater 4/6 3/5 1.918[0.340-10.818] |
Disease status® 0.891
Recurrence 10/16 9/19 1.157[0.468-2.857] ——
Locally advanced 3/5 4/5 1.213[0.240-6.121] e
Metastasis 21/29 22/27 0.995[0.542-1.828] F——
Biliary drainage 0.238
No 22/30 15/23 1.411[0.728-2.734] H——
Yes 12/20 20/28 0.757[0.369-1.549] ——
Duration of first-line chemocherapy® (median: 143 days) 0.699
<median 17122 22/28 0.986[0.518-1.874] F——
2median 17/28 13/22 1.179[0.572-2.433] F——
Number of target lesions 0.288
1 10/20 10/20 1.423[0.584-3.465] ——
>2 24/30 25/31 0.844[0.481-1.482] F——
Sum of tumor diameter (median: 53 mm) 0.605
<median 13/25 16/24 0.940[0.450-1.962] ——
2median 21/25 19/27 1.134[0.608-2.115] i
Location of target legions
Biliary tract 5/9 9/11 0.501[0.166-1.511] ; |
Liver 29/37 26/33 0.891[0.524-1.516] —
Lung 3/4 5/10 2.371[0.528-10.648] —
Bone 11 0/0 -1
Lymph node 6/8 8/11 1.088[0.376-3.150] ———
Peritoneum 5/8 2/3 0.543[0.098-2.998] —_——
Other 4/5 12 2.783[0.304-25.460] S — |
Celomic fluid 0.368
No 29/45 26/41 1.133[0.666-1.930] e
Yes 5/5 9/10 1.445[0.455-4.589] ——
CEAT (median: 4.65 ng/mL) 0.958
<median 13/26 14/24 0.992[0.465-2.116] e
>median 21/24 21/26 0.978[0.527-1.817] F——
CA19-9" (median: 346.5 U/mL) 0.552
<median 15127 12/23 1.262[0.589-2.708] =
2median 19/23 23/27 0.925[0.503-1.703] ——
T T T T T d
0.0156 0.25 4 64
«~—Resminostat Better Placebo Better—
FIGURE 3 (Continued)

background. Further studies including biomarker analyses
are warranted.

Gastrointestinal TrAEs (e.g., nausea, vomiting, and de-
creased appetite) as well as platelet count decreased were
observed more frequently in resminostat+S-1. These toxici-
ties were similar in nature to those reported in the previous
phase I study19 and could be managed well by the dose reduc-
tions/interruptions and/or antiemetic support. None of these
common TrAEs led to discontinuation of resminostat+S-1
therapy. Although cardiac toxicity has been reported to be as-
sociated with HDAC inhibitors,12 no cardiac TrAEs occurred
in resminostat+S-1, suggesting that the resminostat does not
cause cardiac toxicities at the dose level used in this study. Just
one patient in resminostat+S-1 died from tumor hemorrhage.
The cause of death in this case was deemed to be related to the
study treatment by the investigator. Although it is unclear as to

whether the tumor hemorrhage resulted from disease progres-
sion or some tumor response to treatment, the resminostat-
induced platelet count decreased observed in this patient may
have prevented hemostasis, leading to the fatal outcome.

To the best of our knowledge, this was the first random-
ized study to use S-1, a drug commonly used in second-line
treatment of BTCs in Japan, as an active comparator. We are
sure that the outcomes observed in placebo+S-1 will provide
a valuable reference for future studies. Recently, the median
OS in an active symptom control plus mFOLFOX6 group was
reported to be 6.2 months in the ABC-06 study.9 Although
outcomes from the study cannot be compared directly with
our data, our results suggested that patients with BTCs may
receive a survival benefit from S-1 monotherapy. However,
effective therapeutic options are still limited in patients with
second-line BTCs.
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TABLE 3 Treatment-related adverse
events (TrAEs) reported in >10% of patients
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Resminostat+S-1 (N = 50) Placebo+S-1 (N= 51)

in either group All grade >Grade 3 All grade >Grade 3
TrAEs N % N % N % N %
Any 49 98.0 27 540 48 94.1 15 29.4

Platelet count decreased 38 76.0 9 18.0 25 49.0 1 2.0
Nausea 36 72.0 2 40 21 41.2 1 2.0
Decreased appetite 32 64.0 8 16.0 21 41.2 1 2.0
Vomiting 23 46.0 0 0.0 7 13.7 0 0.0
Neutrophil count decreased 19 38.0 10 20.0 16 314 6 11.8
Dysgeusia 16 32.0 0 00 11 21.6 0 0.0
Anemia 15 30.0 5 10.0 17 333 6 11.8
White blood cell count 14 28.0 5 10.0 12 23.5 2 39
decreased
Stomatitis 13 26.0 1 20 13 25.5 0 0.0
Malaise 12 24.0 0 00 13 25.5 0 0.0
Diarrhea 11 22.0 2 40 11 21.6 1 2.0
Fatigue 9 18.0 2 4.0 9 17.6 1 2.0
Lymphocyte count 9 18.0 4 8.0 5 9.8 2 39
decreased
Skin hyperpigmentation 8 16.0 0 0.0 10 19.6 0 0.0
Pyrexia 6 12.0 0 0.0 2 39 0 0.0
Weight decreased 6 12.0 1 2.0 2 39 0 0.0
Blood creatinine increased 5 10.0 0 0.0 2 39 0 0.0
Rash 3 6.0 0 0.0 7 13.7 0 0.0
Lacrimation increased 1 2.0 0 0.0 7 13.7 0 0.0

In summary, the results of this study indicated that re-
sminostat plus S-1 therapy was not an effective second-line
treatment for unresectable or recurrent BTCs. The number of
TrAEs, especially gastrointestinal toxicity and platelet count
decreased, with resminostat plus S-1 therapy was higher than
those with placebo plus S-1 therapy. However, the safety pro-
file with this combination therapy was consistent with that in
previous studies, and the TrAEs were manageable.
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