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Background: Weekly paclitaxel (wPTX) is the preferred second-line chemotherapy for gastric 

cancer in Japan. Histone deacetylase inhibitors have been shown to decrease proliferation through 

cell-cycle arrest, differentiation, and apoptosis in gastric cancer cells. One histone deacetylase 

inhibitor, valproic acid (VPA), also inhibits tumor growth by inducing apoptosis and enhances 

the efficacy of paclitaxel (PTX), shown in a murine gastric cancer model. This Phase II trial 

was designed to evaluate the benefits of adding VPA to wPTX in patients with gastric cancer 

refractory to first-line treatment with fluoropyrimidine.

Patients and methods: The patients were randomly assigned in a 1:1 ratio to receive PTX 

80 mg/m2 intravenously on days 1, 8, and 15, every 4 weeks, or a dose of PTX plus VPA taken 

everyday at 7.5 mg/kg twice daily. Random assignment was carried out at the data center with a 

minimization method adjusted by the Eastern Cooperative Oncology Group performance status 

(0–1 vs 2), prior chemotherapy (first-line vs second-line), and measurable lesions (presence 

vs absence). The primary end point was the overall survival (OS) rate, and the secondary end 

points were the progression-free survival rate and safety analysis.

Results: Sixty-six patients were randomly assigned to receive wPTX (n=33) or wPTX 

plus VPA (n=33). The median OS was 9.8 months in the wPTX group and 8.7 months in 

the wPTX plus VPA group (hazard ratio 1.19; 95% CI 0.702–2.026; P=0.51). The median 

progression-free survival was 4.5 months in the wPTX group and 3.0 months in the wPTX 

plus VPA group (hazard ratio 1.29; 95% CI 0.753–2.211; P=0.35). Grade 3–4 adverse events 

were neutropenia (3.1%), pneumonia (1.6%), liver injury (1.6%), brain infarction (1.6%), 

and rupture of aorta (1.6%).

Conclusion: No statistically significant difference was observed between wPTX and wPTX 

plus VPA for OS.
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Introduction
Gastric cancer is a leading cause of cancer death globally. For patients with unresectable 

advanced or recurrent gastric cancer worldwide, the combination of fluoropyrimidine 

and platinum is the standard first-line chemotherapy.1 Although several randomized 

studies have verified the survival benefits of second-line chemotherapy compared with 

best supportive care alone, the median survival was ,6 months.2–4 Therefore, a more 

active regimen for the second-line treatment is expected.

Although numerous clinical studies have considered the efficacy of molecular 

targeted agents combined with conventional chemotherapy, their efficacy in gastric 

cancer was only demonstrated by trastuzumab as a first-line treatment and ramucirumab 

correspondence: sachio Fushida
Department of gastroenterological 
surgery, Kanazawa University 
hospital, 13-1 Takara-machi, 
Kanazawa 920-8641, Japan
Tel +81 76 265 2362
Fax +81 76 234 4260
email fushida@staff.kanazawa-u.ac.jp 

Journal name: Drug Design, Development and Therapy
Article Designation: Original Research
Year: 2016
Volume: 10
Running head verso: Fushida et al
Running head recto: Valproic acid in gastric cancer
DOI: http://dx.doi.org/10.2147/DDDT.S110425

D
ru

g 
D

es
ig

n,
 D

ev
el

op
m

en
t a

nd
 T

he
ra

py
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/DDDT.S110425
https://www.facebook.com/DoveMedicalPress/
https://www.linkedin.com/company/dove-medical-press
https://twitter.com/dovepress
https://www.youtube.com/user/dovepress
mailto:fushida@staff.kanazawa-u.ac.jp


Drug Design, Development and Therapy 2016:10submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

2354

Fushida et al

as a second-line treatment.5,6 More recently, lapatinib plus 

paclitaxel (PTX) failed to show efficacy compared to PTX 

alone as a second-line treatment for the patients with HER2-

positive gastric cancer.7 Other candidates for molecular 

targeted therapy are needed.

Histone deacetylase (HDAC) inhibitors have antipro-

liferative effects through cell-cycle arrest, differentiation, 

and apoptosis in various cancer cell types, including gastric 

cancer cells.8–10 Accordingly, the combination of an HDAC 

inhibitor with conventional chemotherapy is expected 

to have a synergistic effect because their mechanism of 

action varies from those of conventional chemotherapeutic 

regimens. Valproic acid (VPA), which has long been used 

clinically to treat epilepsy and bipolar disorder without sig-

nificant toxic effects, is now also used to prevent migraines. 

VPA inhibits both class I and II HDACs11 and affects tumor 

growth by inducing p21 WAF1.12,13 However, some reports 

suggest that HDAC inhibitors also enhance the acetylation 

of nonhistone proteins in relation to apoptosis.14–16 Yagi 

et al17 reported that VPA induced dynamic modulation of 

histone H3 and α-tubulin acetylation in association with an 

anticancer effect and the enhancement of PTX in a gastric 

cancer cell line. Although the efficacy of VPA in human 

malignancy is unclear, combination therapy with radiation led 

to improved outcomes in glioblastoma patients.18 Therefore, 

VPA in combination with PTX is a promising therapy for 

gastric cancer.

Weekly paclitaxel (wPTX) administration of 80 mg/m2 

is a second-line treatment option for patients with gastric 

cancer.19 A recent randomized Phase III trial comparing 

PTX and irinotecan as second-line chemotherapy for gastric 

cancer found no significant difference in overall survival 

(OS) between the two groups. Third-line chemotherapy was 

administered to 89.8% participants in the PTX group and 

72.1% participants in the irinotecan group. The median OS 

was 9.5 months for the PTX treatment and 8.4 months for the 

irinotecan treatment. However, wPTX was associated with a 

good toxicity profile compared with irinotecan.20

We therefore planned a multicenter randomized Phase II 

study to investigate additional benefits of VPA as a molecular 

targeting agent with wPTX in second- and third-line chemo-

therapy. This manuscript is a final report following up to our 

first paper as the study protocol.21

Protocol design
Purpose
This study compared the effects of wPTX alone and wPTX 

plus VPA in patients with previously treated advanced 

gastric cancer.

end point
The primary end point was the OS rate, defined as the time 

from randomization to death from any cause. The secondary 

end points were the progression-free survival (PFS) rate, 

defined as the time from randomization to radiographic 

progression; response rate; and assessment of peripheral 

neuropathy in each therapeutic course. The OS rate and PFS 

rate were estimated according to the Kaplan–Meier method. 

The response rate was evaluated every two courses during 

the study and classified based on the Response Evaluation 

Criteria in Solid Tumors, Version 1.1. Toxicities, including 

peripheral neuropathy, were graded according to the National 

Cancer Institute Common Terminology Criteria for Adverse 

Events, Version 4.0.

eligibility criteria
Patients older than 20 years diagnosed with histologically 

confirmed metastatic or recurrent gastric carcinoma that was 

unresponsive to first-line or second-line therapy (progres-

sive disease confirmed by imaging studies) were eligible to 

participate in this study. Other inclusion criteria were the 

Eastern Cooperative Oncology Group performance status 

of 0–2; an interval of at least 4 weeks from the previous 

treatment; no prior chemotherapy with taxanes; adequate 

bone marrow, hepatic, and renal functions; and willingness 

to provide written informed consent.

The exclusion criteria were pregnancy, history of allergy 

against Cremophor EL, intestinal pneumonia, lung fibrosis, 

severe chronic obstructive pulmonary disease, coexistence of 

another malignant neoplasm, psychological disease or brain 

metastasis, or another severe medical condition.

Treatment methods
PTX (80 mg/m2) was administered intravenously on days 

1, 8, and 15, every 4 weeks. Thirty minutes before PTX 

administration, the patients were premedicated with histamine 

receptor-1 and -2 blockers and dexamethasone for prophy-

laxis of allergic reactions. VPA was administrated orally 

everyday at a dose of 7.5 mg/kg twice daily. In this way, 

the serum value reached a concentration of 50–100 µg/mL, 

which is near the concentration required for VPA to act as 

an HDAC inhibitor (0.4–0.7 mM; 66.4–116.2 µg/mL).22 

The trough values of VPA in plasma were verified after the 

first cycle.

study design
The study was a prospective, multicenter, randomized 

Phase II clinical trial. As of 2012, the participating institutions 

included 18 specialized centers. The protocol was approved 
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by the independent ethics committee or institutional review 

board of each participating institution (Kanazawa University 

Hospital, Kurobe City Hospital, Toyama Rosai Hospital, 

Yatsuo General Hospital, Toyama Prefectural Central 

Hospital, Toyama City Hospital, Takaoka City Hospital, 

Keiju General Hospital, Kanazawa Medical University 

Hospital, Ishikawa Prefectural Center Hospital, Asanogawa 

General Hospital, Keiju Kanazawa Hospital, JCHO Kanaz-

awa Hospital, Kanazawa Medical Center Hospital, Kanazawa 

Red Cross Hospital, Central Hospital of Matto Ishikawa, 

Houju Memorial Hospital, and Fukui University Hospital). 

This trial was conducted in accordance with the Declaration 

of Helsinki. All patients provided written informed consent 

before entering the study.

After checking eligibility, patients were randomly 

assigned at a 1:1 ratio to receive VPA or not. Random assign-

ment was carried out at the data center using a minimization 

method with the following adjustment factors: Eastern 

Cooperative Oncology Group performance status (0–1 vs 2), 

prior chemotherapy (first-line vs second-line), and measur-

able lesions (presence vs absence). Neither investigators nor 

patients were blinded to the allocated treatment.

statistical methods
The reported median OS for patients with advanced gastric 

cancer treated with wPTX as the second-line chemotherapy in 

two studies was 5 months and 6.9 months, respectively.19,23 For 

an exploratory study, if the median OS times for wPTX and 

wPTX plus VPA are reportedly 5.0 months and 8.0 months, 

respectively, then 31 patients per treatment arm would be 

required to detect a difference with 80% power at a 5% sig-

nificance level using a one-sided log-rank test of the quality 

of survival curves. As we assumed a dropout rate of 5%, the 

number of patients per treatment group was set at 33, with a 

total sample size of at least 66 patients.

The study protocol was registered in the UMIN Clinical 

Trial Registry (UMIN000005887) on August 1, 2011.

Results
Between June 1, 2011, and June 30, 2014, 66 patients were 

enrolled and randomly assigned to receive wPTX (n=33) 

or wPTX plus VPA (n=33) in 18 centers of the Digestive 

Disease Support Organization. One patient in the wPTX 

group was ineligible due to a bone fracture after assignment, 

and one patient withdrew consent (Figure 1). The baseline 

characteristics of patients and tumors were generally well 

balanced between the groups using a minimization method 

with the adjustment factors (Table 1). The mean trough 

value of VPA in plasma was 63.7±7.2 µg/mL, which was 

the minimum value just before VPA administration.

The median numbers of cycles were 5 (range 0–16) in the 

wPTX group and 3.5 (range 0–17) in the wPTX plus VPA 

group. Afterward, third- or fourth-line chemotherapy was 

administered to five patients (15.2%) in the wPTX group and 

four patients (12.9%) in the wPTX plus VPA group.

There were 28 deaths in the wPTX group and 27 deaths in 

the wPTX plus VPA group. The median OS was 9.8 months 

in the wPTX group and 8.7 months in the wPTX plus VPA 

group (hazard ratio 1.19; 95% CI 0.702–2.026; P=0.51). The 

two groups did not significantly differ in OS (Figure 2A). 

The median PFS was 4.5 months in the wPTX group and 

3.0 months in the wPTX plus VPA group (hazard ratio 1.29; 

95% CI 0.753–2.211; P=0.35). The PFS also did not signifi-

cantly differ between the two groups (Figure 2B). The results 

Figure 1 Trial profile.
Abbreviations: PTX, paclitaxel; VPa, valproic acid.
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of the subgroup OS analysis are shown in Figure 3. Although 

treatment with wPTX plus VPA conferred a slight survival 

advantage in younger (,65 years) patients, no significant 

interactions were observed in any subgroup.

Six patients (9.5%) suffered adverse events . grade 2 

during treatment, including one each with neutropenia, pneu-

monia, liver injury, brain infarction, and ruptured abdominal 

aortic aneurysm in the wPTX group and one with pneumonia 

in the wPTX plus VPA group. There were no special adverse 

events due to the addition of the VPA.

Discussion
To our knowledge, this is the first randomized Phase II trial 

to compare PTX with PTX plus VPA in advanced refractory 

gastric cancer.

In this study, PTX plus VPA did not provide a survival 

advantage compared with PTX alone in second- or third-line 

chemotherapy for advanced gastric cancer.

In previous Phase III studies of wPTX as second-line 

chemotherapy for gastric cancer, the median OS was 

9.5 months and 7.4 months, respectively.6,20 In this study, 

the control wPTX group had a median OS of 9.8 months. 

Considering that one-third of the control group was 

treated with third-line chemotherapy, this result might 

be satisfactory. However, survival of the wPTX plus 

VPA group was not significantly longer than that of the 

wPTX-only group. VPA, which is an HDAC inhibitor, 

induces differentiation and apoptosis of tumor cells.8–10 

In vitro models that use the OCUM-2MD3 gastric cancer 

cell line indicated that VPA with PTX decreases growth 

and promotes apoptosis synergistically.17 Considering the 

amount of VPA administered in this regimen (15 mg/kg/d), 

patients in this study should achieve therapeutic plasma 

levels between 50 µg/mL and 100 µg/mL.22 In this study, 

the mean trough value of plasma VPA was 63.7±7.2 µg/

mL. Because this concentration range was predicted to 

increase histone acetylation in preclinical models, the idea 

that this dose of VPA would have no additional effect is 

not appropriate.

Several single-arm trials have reported potential benefits 

from adding VPA as combination epigenetic therapy in 

glioblastoma and myeloid malignancies.18,24–26 However, 

the specific addition of VPA to PTX in this study did not 

show encouraging results. In a randomized Phase II study 

of myeloid malignancies to assess the efficacy of VPA 

in combination with decitabine as a hypomethylating 

agent, the addition of VPA to decitabine also did not show 

improved outcome over decitabine alone.27 The negative 

experience may be due to the fact that HDAC inhibitors 

enhance regulatory T-cell (Treg) function by increasing 

FOXP3 expression in T cells.28 Treg cells play a key role in 

immune system homeostasis and tolerance to antigens and 

may be responsible for the lack of an appropriate immune 

Figure 2 Kaplan–Meier curves of overall survival (A) and progression-free survival (B).
Abbreviations: Os, overall survival; PTX, paclitaxel; VPa, valproic acid; PFs, progression-free survival.

Table 1 Patient characteristics

Characteristics PTX (n=33) 
group

PTX plus VPA (n=33) 
group

Median age (range), years 68 (49–84) 67 (31–83)
ecOg Ps, n (%)

0–1 28 (85) 29 (88)
2 5 (15) 4 (12)

Prior cTX, n (%)
First-line 22 (67) 20 (61)
second-line 11 (33) 13 (39)

Target lesion, n (%)
Yes 11 (33) 11 (33)
no 22 (67) 22 (67)

Abbreviations: PTX, paclitaxel; VPa, valproic acid; ecOg Ps, eastern cooperative 
Oncology group performance status; cTX, chemotherapy.
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response against tumor cells. In contrast, PTX acts both as 

an anticancer agent and as an inhibitor of TGF-β signaling 

by blocking of Smad 2/3 phosphorylation.29 The cytokine 

TGF-β induces Treg cells from naïve CD4+, CD25− T 

cells.30,31 Treg-cell infiltration into cancer tissue results in 

immune tolerance and chemoresistance. Therefore, PTX and 

VPA might actually work against each other. We previously 

reported that the mean tumor volume of the VPA-treated 

group was smaller than that of the control group in the 

xenograft model. However, these models were constructed 

from nude mice.17 Because nude mice lack a thymus, they 

cannot generate mature lymphocytes, including Treg cells. 

Thus, VPA treatment might have led to more favorable 

results than the present study.

Conclusion
The primary end point of prolonged OS was not met in our 

study. The clear reason is not known, but subset analysis 

showed that the wPTX plus VPA regimen may have potential 

to improve OS in patients younger than 65 years. However, 

the next randomized Phase III trial comparing wPTX with 

wPTX plus VPA in patients younger than 65 years may not 

reach favorable results. Unfortunately, VPA might have lim-

ited use in autoimmune disease, allograft, and inflammatory 

bowel disease, which decrease Treg function.
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