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Summary A phase I trial of first-line vorinostat, an orally
bio-available histone deacetylase inhibitor, in combination
with capecitabine plus cisplatin (XP) was performed to
assess recommend phase II trial dose in patients with ad-
vanced gastric cancer. Five dose levels of three-weekly
vorinostat-XP were tested; vorinostat was dosed at 300–
400 mg once daily on Days 1–14, capecitabine at 800–
1,000 mg/m2 twice daily on Days 1–14, and cisplatin at
60–80 mg/m2 on Day 1. To assess the pharmacodynamics of
vorinostat, histone H3 acetylation was assessed in peripheral
blood mononuclear cells before the study treatment and at
Day 8 of cycle 1. In total, 30 patients with unresectable or
metastatic gastric adenocarcinoma were included. Dose-
limiting toxicities were thrombocytopenia, fatigue, stomati-
tis, and anorexia. The following doses were recommended
for phase II trial: 400 mg of vorinostat once daily,
1,000 mg/m2 of capecitabine twice daily, and 60 mg/m2 of
cisplatin. The most common grade 3–4 toxicities were neu-
tropenia (47 %), anorexia (20 %), thrombocytopenia (17 %),
and fatigue (13 %). In overall, response rate was 56 % (95 %
confidence interval [CI]: 32–81). With a median follow-up
of 14.1 months, the median progression-free survival and
overall survival were 7.1 months (95 % CI: 3.8–10.3) and

18.0 months (95 % CI: 4.8–31.1), respectively. The change
in H3 acetylation after treatment with vorinostat correlated
significantly with the vorinostat dose (300 vs. 400 mg/day)
and the baseline level of H3 acetylation before treatment.
Three-weekly vorinostat-XP regimen is feasible and
recommended for further development in advanced gastric
cancer.
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Introduction

Gastric cancer is the second leading cause of cancer-related
deaths worldwide [1]. In unresectable or metastatic disease,
palliative chemotherapy improves quality of life and surviv-
al outcomes compared to the best supportive care alone
[2]. Combination chemotherapy regimens consisting of
fluoropyrimidines and platinum are the standard therapeutic
option in advanced gastric cancer [2–5]; however, the prog-
nosis remains dismal and greater efficacy is needed.

Vorinostat (Zolinza®, Merck & Co., Inc.) is an orally bio-
available histone deacetylase (HDAC) inhibitor that alters
the level of acetylation of histone and non-histone proteins
involved in the regulation of gene expression, angiogenesis,
cell proliferation, and cell survival [6]. Previous studies
showed that HDAC inhibitors induce growth arrest, terminal
differentiation, apoptosis, or autophagic cell death in tumor
cells by post-translational epigenetic modifications [6]. In
addition, HDAC inhibitors have additive or synergistic effects
when combined with other anticancer agents [7]. Vorinostat is
currently approved for the treatment of refractory cutaneous
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T-cell lymphoma [8, 9] and has been investigated in several
types of cancer, both as monotherapy and in combination with
other agents, including 5-fluorouracil and platinum [10–13].

Previous studies suggested that the prognosis of patients
with gastric cancer was associated with levels of HDAC ex-
pression and global histone modification [14, 15]. Furthermore,
HDAC inhibition suppresses the growth of gastric cancer cells
in vitro [16]. Based on these findings, we explored the role of
vorinostat in unresectable or metastatic gastric cancer. We
report the results of a phase I dose-finding and pharmacody-
namics study of vorinostat combined with capecitabine plus
cisplatin (XP), a current standard first-line regimen that has
demonstrated non-inferiority to 5-fluorouracil and cisplatin in
terms of efficacy and safety [3].

Materials and methods

Patient eligibility

Patients with histologically-documented unresectable or
metastatic gastric adenocarcinoma were eligible if they
met the following inclusion criteria: aged between 18 and
70 years; Eastern Cooperative Oncology Group (ECOG)
performance status of 0–2; completion of adjuvant chemo-
therapy 6 months before the entry of study or no previous
chemotherapy; adequate bone marrow, renal and liver func-
tion; no prior radiotherapy; and estimated life expectancy
of >3 months. Patients were excluded if they had gastric
outlet or intestinal obstruction, evidence of gastrointestinal
bleeding, or received adjuvant treatment with capecitabine
or platinum. Prior exposure to any HDAC inhibitor was not
permitted for enrollment, but previous administration of
valproic acid was allowed if a 30 day wash-off period was
provided. The protocol was approved by the Institutional
Review Board of Asan Medical Center, Seoul, Korea, and all
patients provided written informed consent before enrollment.
The study was conducted in accordance with the Declaration
of Helsinki and the Guidelines for Good Clinical Practice
(ClinicalTrial.gov Identifier: NCT01045538).

Study design and treatment plan

This study is a single-center, phase I dose-finding study with
a safety expansion arm to define the maximum tolerated
dose (MTD) and recommended phase II dose (RD) of
vorinostat-XP regimen in patients with unresectable or met-
astatic advanced gastric cancer. The standard 3+3 dose
escalation scheme was used, and a minimum of three pa-
tients were treated at each dose level. The dosing scheme for
oral capecitabine (Days 1–14), intravenous cisplatin (Day 1)
and oral vorinostat (Days 1–14) is presented in Table 1. The
inclusion of patients in dose levels 2A and 2B proceeded

simultaneously because we could not predict which level
would be more toxic. Capecitabine was given twice daily.
Cisplatin was administered in 150 ml of normal saline over
60 min with adequate pre- and post-hydration and
premedication (steroids and antiemetics). Vorinostat was
given once daily with food approximately 1 h before the
administration of capecitabine. Prophylactic use of colony-
stimulating factors was not permitted. Treatment continued
until evidence of progression, unacceptable toxicity, or pa-
tient request for withdrawal. Patients received up to eight
cycles of study treatment, after which, if they had not
progressed, they received a combination of vorinostat and
capecitabine without cisplatin at the same dose and schedule
until disease progression or intolerable toxicity.

The MTD was determined based on the toxicity data
from the first cycle. Dose-limiting toxicities (DLTs) were
defined as follows: granulocytes <500/μl for more than
5 days; granulocytes <1,000/μl with fever; or grade 4 throm-
bocytopenia or any other non-hematologic grade 3/4 toxic-
ity (excluding alopecia) that did not improve to at least
grade 1 within 2 days of instituting the appropriate therapy,
or that led to the interruption of capecitabine or vorinostat,
resulting in the patient missing >25 % of the prescribed dose
within a cycle, or to delays of more than 14 days in initiating
the subsequent cycle because of persistent grade 2 or higher
toxicity. Dose escalation continued until two or more of six
patients experienced DLTs; that dose level was defined as
MTD. Intra-patient dose escalation was not permitted. In
patients who experienced DLT, re-challenge with chemo-
therapy was conducted with one level below the previous
dose. The RD for phase II study was defined as the dose
level below the MTD. RD was tested in an expansion cohort
(n=6) to confirm toxicity and safety.

Dose modifications

Before the start of every cycle of chemotherapy, patients
were required to have absolute neutrophil counts of
≥1,500/μl and platelet counts of ≥100,000/μl; otherwise,
the treatment was delayed by up to 3 weeks until recovery.
In patients who experienced grade 4 neutropenia for >5 days,
grade 4 thrombocytopenia, or grade ≥3 febrile neutropenia,
doses of capecitabine and cisplatin were reduced by 25 % at
the subsequent cycle. Capecitabine was interrupted for
grade ≥2 non-hematologic toxicities with appropriate thera-
py, and missed doses were not replaced. If non-hematologic
toxicities were resolved or decreased to grade 1, patients
were re-challenged with capecitabine with a dose reduced
up to 50 %, depending on the number and severity of the
toxicities observed as specified in the protocol. The dose of
cisplatin was modified if creatinine clearance was decreased
or grade ≥3 nausea/vomiting and grade ≥2 neurotoxicity
occurred. For hematologic toxicities, the dose of vorinostat
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was reduced (100 mg reduction) if grade 3 toxicity occurred;
for grade 4 toxicity, vorinostat was interrupted until recov-
ery to grade ≤2 and restarted at a reduced dose. For non-
hematologic toxicities, vorinostat was delayed and restarted
at a reduced dose when the toxicity improved to grade ≤1
for grade 3 toxicity, and discontinued for grade 4 toxicity. If
more than two dose reductions were required, vorinostat
was stopped.

Assessment of response and toxicity

Prior to entering the study, patients underwent baseline
assessments, including history, physical examination, com-
plete blood count (CBC) with differential counts, serum
chemistry, electrolytes, determination of coagulation param-
eters, urinalysis, electrocardiography, chest X-ray, and com-
puted tomography (CT) scanning of the abdomen and pel-
vis. Other investigations, such as bone scan and chest CT
scan, were performed if there was metastatic disease.
Physical examinations, chest X-rays, CBC, chemistry, and
electrolytes were repeated prior to each chemotherapy cycle.
CBC was performed weekly until completion of the 2nd
cycle. Tumor response was evaluated every 2 cycles
according to RECIST criteria version 1.0 using the same
imaging technique as that used at baseline [17]. Patients
with documented progressive disease were monitored ev-
ery 3 months until death. Adverse events were evaluated
before each treatment cycle according to the National
Cancer Institute Common Terminology Criteria, version
3.0. All patients were reviewed approximately 1 month
after the last cycle of treatment to document any delayed
adverse event.

Progression-free survival (PFS) and overall survival (OS)
were estimated using the Kaplan–Meier method. PFS was
measured from the start of treatment to document tumor
progression or death from any cause, whichever occurred
first. OS was calculated from the start of treatment to the
date of death from any cause.

Pharmacodynamics

Peripheral blood (10 ml) was obtained from patients before
the study treatment and 2 h after ingestion of vorinostat
capsules at post-treatment Day 8 of cycle 1. The peripheral
blood mononuclear cells (PBMCs) were isolated by centri-
fugation using Lymphoprep (AXIS-SHIELD PoC, Oslo,
Norway) according to the manufacturer’s instructions.
Isolated PBMCs were lysed in M-PER buffer (Pierce,
Rockford, IL, USA). Protein content was quantified using
the Bradford assay (Bio-Rad, Hercules, CA, USA). Cell
extracts separated by SDS-PAGE were transferred to nitro-
cellulose membrane (Millipore, Billerica, MA, USA) for
Western blot analysis. The blots were incubated overnight
at 4 °C with primary antibodies against histone acetyl-H3
(Cell Signaling, Danvers, MA, USA), HDAC2 (Cell
Signaling) and β-actin (Sigma, St. Louis, MO, USA). The
blots were stripped and re-probed for histone H3 (Cell
Signaling) and images were quantified using the Multi-
Gauge v2.3 software (Fujifilm, Tokyo, Japan). Histone H3
acetylation was measured by quantifying acetyl-H3 band
pixel intensity and normalising it to the respective H3 band
in a representative immunoblot. The change between pre-
and post-vorinostat acetyl-H3 was calculated in each patient
and described as percent change or fold increase.

Results

Patient characteristics

Between August, 2010, and June, 2011, a total of 30 patients
(24 for a dose-finding study and 6 for an expansion cohort)
were enrolled. Patient baseline characteristics are presented
in Table 2. The median age was 50 years (range: 25–67) and
half of the patients were male. Most patients (83 %) initially
presented with metastatic disease. Metastasis in two or more
organs was observed in 63 % of the patients. Among five

Table 1 Dosing scheme
and dose-limiting toxicity Dose

level
Capecitabine
(mg/m2) BID,
PO, D 1–14

Cisplatin
(mg/m2),
IV, D 1

Vorinostat
(mg) QD,
PO, D 1–14

N Dose-limiting toxicity

1 800 60 300 6 Grade 4 thrombocytopenia (n=1)

2A 800 60 400 3

2B 1000 60 300 6 Grade 3 fatigue (n=1)

3 1000 60 400 6 Grade 3 stomatitis (n=1)

4 1000 80 400 3 Grade 4 thrombocytopenia (n=1),
discontinuation of capecitabine or
vorinostat at >25 % of prescribed
dose (due to grade 3 anorexia and
fatigue, n=1)

Invest New Drugs (2014) 32:271–278 273



patients who had recurrent disease, adjuvant chemotherapy
had been given in four patients (13 %); doxifluridine and S-
1 each for two patients. A total of 249 chemotherapy cycles
(median: 8; range: 1–25) were administered. Twelve pa-
tients (40 %) completed the preplanned eight cycles of
treatment, and 10 of them received the median eight cycles
(range: 1–17) of further chemotherapy with capecitabine
and vorinostat. All patients completed at least one cycle of
chemotherapy and were available for safety assessments.

DLTs

The DLTs of the vorinostat-XP regimen were thrombocyto-
penia, fatigue, anorexia and stomatitis (Table 1). DLT was
noted in one of six patients in level 1 (grade 4 thrombocyto-
penia), zero of three patients in level 2A, one of six patients in
level 2B (grade 3 fatigue), one of six patients in level 3 (grade
3 stomatitis), and two of three patients in level 4 (grade 4
thrombocytopenia, and discontinuation of capecitabine or
vorinostat for more than 25 % of the prescribed dosage due
to grade 3 anorexia and fatigue). According to the protocol,
dose level 4 was the MTD, so the RD was determined to be
dose level 3 (400 mg of vorinostat once daily on Days 1–14,
1,000 mg/m2 of capecitabine twice daily on Days 1–14,
60 mg/m2 of cisplatin on Day 1, every 3 weeks). In the
expansion cohort at level 3, DLTs did not occur.

Adverse events

The toxicity profile is summarized in Table 3. The most com-
mon grade 3–4 adverse events were neutropenia (47 %), an-
orexia (20 %), thrombocytopenia (17 %), and fatigue (13 %).

Febrile neutropenia was not observed, and there was no
treatment-related death. In patients who received RD (level
3), neutropenia (42 %) and anorexia (25 %) were the most
frequent grade 3–4 toxicities, and the mean relative dose inten-
sity (RDI, the total delivered dose as a percentage of the
targeted dose per unit time) was maintained at least at 70 %
for vorinostat, 66 % for capecitabine, and 71 % for cisplatin
within the sixth cycle of study treatment (Fig. 1.)

Efficacy

In overall, 18 patients had measurable disease, and two
patients were not evaluable for response due to follow-up
loss before the first response assessment. Partial response
was observed in nine patients, providing an overall response
rate of 56 % (95 % confidence intervals [CI], 32–81). Five
patients (31 %) had stable disease and two patients (13 %)
had progressive disease as best response. No patient
achieved complete response. In level 3 cohort, who received
RD, two (33 %) of six patients with measurable lesions
showed responses, while three patients (50 %) and one
patient (17 %) had stable disease and progressive disease,
respectively. In six (level 1), five (level 2B), and one (level
4) patients with measurable lesions, tumor response was
assessable in five, four, and one patients, respectively.
Partial response was reported in four (67 %) of level 1
cohort and three (60 %) of level 2B cohort, and each patient
in level 1 and level 4 cohorts had stable disease. In level 2A
cohort, there was no patient who had measurable disease;
therefore, response rate was not assessable. At the median
14.1 months (range: 5.0–22.7) of follow-up for surviving
patients, the median PFS and OS were 7.1 months (95 % CI:
3.8–10.3), and 18.0 months (95 % CI: 4.8–31.1), respec-
tively (Fig. 2).

Pharmacodynamic analysis

Pre- and post-vorinostat PBMCs were obtained in all pa-
tients except one. The median change in histone H3 acety-
lation between pre- and post-vorinostat samples was 9.1 %
(95 % CI: −10.3–224.1; Fig. 3a). Although this was not
significant overall (p=0.09), H3 acetylation was significant-
ly increased in patients who received 400 mg/day vorinostat
(median 24.2 %, p=0.02), but not in those who received
300 mg/day (4.0 %, p=0.33). Moreover, the baseline level
of H3 acetylation correlated significantly with the extent of
the change observed after vorinostat treatment (p<0.001;
Fig. 3b). However, HDAC2 expression in PBMCs at base-
line was not associated with the extent of the change in H3
acetylation (p=0.38). Multivariate analysis was performed
with the inclusion of the baseline HDAC2 level, baseline H3
acetylation level, and vorinostat dose (300 mg/day vs.
400 mg/day). Results show that the baseline H3 acetylation

Table 2 Baseline patient characteristics

Characteristics N, total=30

Male/female 15 (50 %)/15 (50 %)

Age, median (range) 50 (25–67)

ECOG performance status 0–1/2 28 (93 %)/2 (7 %)

Type of disease

Metastatic 25 (83 %)

Recurrent after curative surgery 5 (17 %)

Site of metastasis

Liver 10 (33 %)

Lung 3 (10 %)

Abdominal lymph nodes 21 (70 %)

Peritoneum 19 (63 %)

Number of metastatic organs

1 11 (37 %)

2 14 (47 %)

3 or more 5 (16 %)

Previous adjuvant chemotherapy 4 (13 %)
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level (standardized coefficient, beta=−0.71, p<0.001) and
the dose of vorinostat (beta=0.33, p=0.03) correlated sig-
nificantly with the change in H3 acetylation.

Discussion

This phase I trial evaluated the three-weekly vorinostat-XP
regimen as first-line chemotherapy in unresectable or meta-
static gastric cancer. The results defined the RD as 400 mg of
vorinostat once daily on Days 1–14, 60 mg/m2 of cisplatin on
Day 1, and 1,000 mg/m2 of capecitabine twice daily on Days
1–14 for further clinical investigation. The DLTs of this com-
bination regimen included grade 4 thrombocytopenia, grade 3
fatigue, grade 3 anorexia, and grade 3 stomatitis.

The adverse events are consistent with the toxicities
previously reported in clinical trials of vorinostat alone
and of the XP regimen alone [3, 9]. Adverse events were
generally mild to moderate in severity. The most common
grade 3–4 adverse events were neutropenia (47 %), anorexia
(20 %), thrombocytopenia (17 %), and fatigue (13 %). In
previous phase II trials of vorinostat monotherapy using a
400 mg once daily dosing schedule, thrombocytopenia (5–
8 %) and fatigue (5 %) were the most common grade 3–4
adverse events [9, 18]. Neutropenia (16 %) and vomiting
(7 %) were the most frequent grade 3–4 toxicities in a
previous phase III trial of three-weekly XP regimen
consisting of 1,000 mg/m2 of capecitabine twice daily on
Days 1–14 and 80 mg/m2 of cisplatin on Day 1 [3]. The
frequency of severe hematologic toxicities, such as neutro-
penia and thrombocytopenia, was much higher than that

Fig. 1 Relative dose intensity of capecitabine, cisplatin, and vorinostat
at the recommended dose (dose level 3)

Fig. 2 Progression-free survival and overall survival. Median progres-
sion-free survival and overall survival were 7.1 months (95 % CI: 3.8–
10.3) and 18.0 months (95 % CI: 4.8–31.1), respectively

Fig. 3 Percent change in histone H3 acetylation (a) and relation-
ship between baseline H3 acetylation and change in H3 acetylation
after treatment with vorinostat (b). In panel a, three patients had

changes in acetyl-H3 greater than 200 % (1679.4 %, 342.6 %, and
419.6 %). In panel b, the fold increase in acetyl-H3 was log-
transformed
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observed in a previous phase III trial of XP, likely because
of the added toxicity of vorinostat; however, this increase in
frequency might be an overestimation considering that CBC
was monitored every week until completion of the 2nd cycle
in this study and every 3 weeks in the previous phase III trial
of XP [3]. Considering that the RDIs of each drug were well
maintained through the course of treatment, most of the
toxicities of the vorinostat-XP regimen were tolerable and
manageable.

The objective response was 56 %, and the median PFS
and OS were 7.1 months and 18.0 months, respectively.
These efficacy results are comparable to those of previous
trials for first-line chemotherapy in advanced gastric cancer;
however, considering that patients received different doses
of chemotherapy and only half of the patients were available
for response assessment, it is premature to compare the
efficacy of the vorinostat-XP regimen to that of other regi-
mens. Efficacy should be validated in future trials.

In the pharmacodynamics analysis, the change in H3 acet-
ylation after treatment with vorinostat was comparable to that
observed in previous studies [19, 20]. Although a previous
study had failed to show any correlation between vorinostat
dose and histone H3 acetylation in PBMCs [19], our results
demonstrated that the increase in H3 acetylation was more
prominent in patients who received 400 mg/day vorinostat
than in those who received 300 mg/day. This indicates that
400 mg/day vorinostat, the RD in the vorinostat-XP regimen,
might be more appropriate than 300 mg/day from a pharma-
codynamic viewpoint. Furthermore, results showed that a low-
er baseline H3 acetylation level was associated with greater
increase of H3 acetylation level after vorinostat. The effects of
baseline H3 acetylation and vorinostat dose remained significant
by multivariate analysis. Considering that there is no established
bio-marker for prediction of efficacy and toxicity in patients
treated with vorinostat, baseline H3 acetylation in PBMCs
should be investigated in future trials as a potential bio-marker.

In the era of targeted therapy, various biologic agents have
been investigated for the treatment of advanced gastric cancer
in combination with conventional chemotherapy regimens in
previous studies [21–23]; however, so far, only trastuzumab
combined with XP or 5-fluorouracil plus cisplatin improved
survival significantly in HER2-overexpressing gastric cancer
[21]. Therefore, the development of new agents to enhance the
efficacy of current standard regimens in advanced gastric
cancer is urgently needed. Our results provide a compelling
rationale for further clinical investigation of the vorinostat-XP
regimen in gastric cancer.

In conclusion, vorinostat-XP is a feasible first-line thera-
py regimen in advanced gastric cancer. A phase II trial based
on the results of the present study is now ongoing. Further

clinical trials are warranted to evaluate bio-markers as well
as the safety and efficacy of this regimen.
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