VOLUME 30 -

JOURNAL OF CLINICAL ONCOLOGY

Author affiliations appear at the end of
this article.

Submitted December 28, 2011;
accepted April 20, 2012; published
online ahead of print at www.jco.org on
August 20, 2012.

Supported by Grant No. NO1-CM62205
from the Division of Cancer Treatment
and Diagnosis, National Cancer Institute
(Bethesda, MD) and its collaborator
Topotarget.

Presented in part at the 2011 European
Cancer Organization meeting, Stock-
holm, Sweden, September 23-27,
2011.

Authors’ disclosures of potential con-
flicts of interest and author contribu-
tions are found at the end of this
article.

Clinical Trials repository link available on
JCO.org.

Corresponding author: Winnie Yeo, MD,
Department of Clinical Oncology, State
Key Lab of Oncology in South China,
Prince of Wales Hospital Shatin,
Chinese University of Hong Kong,
Hong Kong, China; e-mail:
winnieyeo@cuhk.edu.hk.

© 2012 by American Society of Clinical
Oncology

0732-183X/12/3027-3361/$20.00

DOI: 10.1200/JC0.2011.41.2395

NUMBER 27 -

SEPTEMBER 20 2012

ORIGINAL REPORT

Epigenetic Therapy Using Belinostat for Patients With
Unresectable Hepatocellular Carcinoma: A Multicenter
Phase I/II Study With Biomarker and Pharmacokinetic
Analysis of Tumors From Patients in the Mayo Phase 11
Consortium and the Cancer Therapeutics Research Group

Winnie Yeo, Hyun C. Chung, Stephen L. Chan, Ling Z. Wang, Robert Lim, Joel Picus, Michael Boyer,
Frankie K.F. Mo, Jane Koh, Sun Y. Rha, Edwin P. Hui, Hei C. Jeung, Jae K. Roh, Simon C.H. Yu, Ka F. To,
Qian Tao, Brigette B. Ma, Anthony W.H. Chan, Joanna H.M. Tong, Charles Erlichman, Anthony T.C. Chan,
and Boon C. Goh

Purpose

Epigenetic aberrations have been reported in hepatocellular carcinoma (HCC). In this study of
patients with unresectable HCC and chronic liver disease, epigenetic therapy with the histone
deacetylase inhibitor belinostat was assessed. The objectives were to determine dose-limiting
toxicity and maximum-tolerated dose (MTD), to assess pharmacokinetics in phase |, and to assess
activity of and explore potential biomarkers for response in phase Il.

Patients and Methods
Major eligibility criteria included histologically confirmed unresectable HCC, European Cooperative

Oncology Group performance score = 2, and adequate organ function. Phase | consisted of 18
patients; belinostat was given intravenously once per day on days 1 to 5 every 3 weeks; dose
levels were 600 mg/m? per day (level 1), 900 mg/m? per day (level 2), 1,200 mg/m? per day (level
3), and 1,400 mg/m? per day (level 4). Phase Il consisted of 42 patients. The primary end point was
progression-free survival (PFS), and the main secondary end points were response according to
Response Evaluation Criteria in Solid Tumors (RECIST) and overall survival (OS). Exploratory
analysis was conducted on pretreatment tumor tissues to determine whether HR23B expression
is a potential biomarker for response.

Results

Belinostat pharmacokinetics were linear from 600 to 1,400 mg/m? without significant accumula-
tion. The MTD was not reached at the maximum dose administered. Dose level 4 was used in
phase Il. The median number of cycles was two (range, one to 12). The partial response (PR) and
stable disease (SD) rates were 2.4% and 45.2%, respectively. The median PFS and OS were 2.64
and 6.60 months, respectively. Exploratory analysis revealed that disease stabilization rate
(complete response plus PR plus SD) in tumors having high and low HR23B histoscores were 58%
and 14%, respectively (P = .036).

Conclusion
Epigenetic therapy with belinostat demonstrates tumor stabilization and is generally well-
tolerated. HR23B expression was associated with disease stabilization.

J Clin Oncol 30:3361-3367. © 2012 by American Society of Clinical Oncology

systemic agent that has been shown to provide sur-
vival benefit over best supportive care is sorafenib. >

The outlook of patients with unresectable hepato-
cellular carcinoma (HCC) is poor, mainly because of
advanced-stage disease at presentation and often the
presence of concomitant chronic liver disease,
which is mainly associated with chronic hepatitis B
virus (HBV) infection in Asia. To date, the only

However, the overall prognosis of patients with
HCC remains poor.

It has been well established that, in addition to
numerous genetic abnormalities, epigenetic changes
play an important role in gene expression and HCC
pathogenesis.”® The process involves at least two
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interactive epigenetic modifications that result in transcriptional
silencing of a variety of genes, including those implicated in the
regulation of cell survival, proliferation, differentiation, and apo-
ptosis. The first mechanism involves methylation of CpG islands
located in the gene promoter regions of a series of tumor suppres-
sor genes. The second involves histone acetylation that depends on
the equilibrium between the activities of two groups of enzymes,
histone acetyltransferases and histone deacetylases (HDACs).

Reversal of these epigenetic processes and upregulation of genes
are important to reverse the malignant phenotype and have become a
potential therapeutic strategy in cancer treatment.*'* Belinostat
(PXD101; N-hydroxy-3-(phenylsulphamoylphenyl) acrylamide; mo-
lecular weight, 318) is a potent HDAC inhibitor (HDACI), which
contains a zinc-chelating hydroxamic acid moiety."> In HCC cell lines
and xenografts, HDACISs, including belinostat, induce apoptosis and
tumor regression but do not affect normal hepatocytes.®'>”

We conducted a phase I/II study of belinostat in patients with
unresectable HCC who had concomitant chronic liver disease. The
objectives in the phase I part of the study were to determine dose-
limiting toxicity (DLT) and maximum-tolerated dose (MTD) and to
assess the pharmacokinetics of belinostat. Once the MTD was deter-
mined, the phase II portion of the study was conducted to determine
the activity of epigenetic therapy with belinostat.

Although promising results have been shown with the use of
HDACTSs in a number of tumor types, data are limited on potential
biomarkers that could enable appropriate selection of tumors that are
likely to undergo a favorable clinical response. Recently, HR23B has
been suggested to be a biomarker for clinical response to HDACIs.'®
Thus, in this study, an exploratory analysis was also conducted to
determine whether the expression of HR23B might be predictive for
response to belinostat in HCC.

This multicenter phase I/II trial was initiated in October 2006. Centers that
participated in the phase I portion of the study were selected from Cancer
Therapeutics Research Group (CTRG) sites. Centers that participated in the
phase IT portion of the study were selected from the Mayo Phase 2 Consortium
(P2C) sites, along with the CTRG sites. The institutional review boards of each
participating center approved the study. In addition to obtaining consent to
participate in the study, consent was also specifically sought from patients for
the exploratory analysis, which involved using tissue obtained for diagnosis for
the exploratory study. The study was sponsored by the Division of Cancer
Treatment and Diagnosis, National Cancer Institute (Bethesda, MD). Regis-
tration of patients onto the phase I study was conducted at the Comprehensive
Cancer Trials Unit of the Department of Clinical Oncology, Chinese Univer-
sity of Hong Kong (Hong Kong, China), and registration of patients in the
phase II portion of the study was conducted by the Mayo P2C. The Compre-
hensive Cancer Trials Unit at the Chinese University of Hong Kong designed
and coordinated the trial and was responsible for all aspects of data collection
and analysis. This study has been registered at ClinicalTrials.gov.

Eligibility

Eligibility criteria included histologically/cytologically confirmed unre-
sectable HCC, European Cooperative Oncology Group (ECOG) performance
score = 2, measurable disease (= one lesion with longest diameter > 10 mm
on spiral computed tomography [CT]), life expectancy more than 12 weeks,
absolute neutrophil count = 1.5 X 10°/L, platelets = 100 X 10°/L, serum
creatinine = 150 umol/L, total bilirubin = 30 wmol/L, albumin = 28 g/L,
ALT = 5.0 X institutional upper limit of normal (UNL), alkaline phospha-
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tase = 6 X UNL, prothrombin time = 4 seconds X ULN, and absence of
clinical ascites.

The main exclusion criteria were Child’s class C cirrhosis, other treat-
ments less than 4 weeks before study entry or unrecovered adverse events due
to agents received more than 4 weeks earlier, history of allergic reactions to
compounds similar to belinostat, and significant cardiovascular disease, in-
cluding marked prolongation of QT/QTc interval on ECG.

Pretreatment Evaluation
All patients underwent complete medical history and physical examina-
tion, blood profiles, ECG, and CT scan of abdomen and/or other disease sites.

Treatment Plan

Belinostat was added to 250 mL of 5% dextrose in water or 0.9% sodium
chloride and administered intravenously over 30 minutes once per day on days
1 to 5, every 3 weeks. All patients received standard antiemetics of 5-HT,
antagonist with or without dexamethasone. Patients who were known to have
chronic HBV were also given lamivudine before study treatment.

Phase I Study

For the phase I portion of the study, there were five dose levels of
belinostat: 300 mg/m” per day (level —1), 600 mg/m? per day (level 1), 900
mg/m2 per day (level 2), 1,200 mg/m2 per day (level 3), and 1,400 mg/m2 per
day (level 4). Level 1 was the starting dose level. DLT was defined during cycle
1 as any grade 4 hematologic toxicity; grade = 3 nonhematologic toxicity
(excluding alopecia); grade 3 nausea, vomiting, or diarrhea that did not re-
spond to therapy; and treatment delay of more than 2 weeks.

Dose escalation was based on the modified Fibonacci method.'® The
MTD was defined as the dose at which more than two of three or more than
two of six patients experienced DLT. Three additional patients were entered
onto the MTD portion of the trial to further define toxicity. The reccommended
phase IT dose was defined as one dose below the MTD.

For each subsequent cycle, treatment was delayed if the absolute neutro-
phil count was less than 1.5 X 10°/L or the platelet count was less than 100 X
10°/mL on the scheduled day of drug administration. Patients who experi-
enced grade 3 nonhematologic toxicity and any grade 4 hematologic toxicity
continued to receive belinostat at the next lower dose level on resolution of all
toxicities to grade 1. The drug was discontinued for grade 4 nonhematologic
toxicity. For an individual, there could be a limit of two dose de-escalations for
serious toxicity.

Treatment was continued, provided that toxicities were tolerable or until
one of the following criteria applied: disease progression, intercurrent illness
that prevented further treatment administration, unacceptable adverse events,
patient’s decision, or investigator’s judgment.

Phase Il Study

In the phase I part of the trial, since the MTD was not reached, the highest
dose level (1,400 mg/m” per day) was declared as the recommended phase IT
dose. The last six patients enrolled onto the phase I study were included in the
analysis of the phase II study.

After cycle 1, dose modification for further treatment was similar to that
for phase I patients except for grade 4 toxicity, in which belinostat treatment
was not terminated but was decreased by one dose level.

Definitions of Response and Toxicity

CT assessment was performed after every two cycles and reviewed at
individual sites. Tumor response assessment was according to the Response
Evaluation Criteria in Solid Tumors (RECIST) Committee.”® Toxicity was
graded according to National Cancer Institute Common Toxicity Criteria v3
(NCI-CTC v3). ECGs were reviewed at central as well as individual sites.

Protocol for Phase | Pharmacokinetic Studies and
Methodology for HR23B Immunohistochemistry

Thirty-eight patients (seven in phase I and 31 in phase II) had pretreat-
ment tissues available for this analysis. The details of the protocol for the phase
I pharmacokinetic studies*' and the methodology for HR23B immunohisto-
chemistry are provided in the Appendix (online only).

A semiquantitative evaluation of HR23B immunoreactivity was carried
out by using a histoscore, which relates to the nuclear expression of HR23B in
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tumor cells. An intensity score of 0 to 3 was assigned for the intensity of tumor
cells (0, none; 1, weak; 2, intermediate; 3, strong). A proportional score in
percentage was given by the estimated proportion of positive tumor cells. To
assess the average degree of staining within a tumor, multiple regions were
analyzed. The formula for the histoscore is histoscore = %(I X P,), where I is
the intensity of nuclear staining and P, is the percentage of stained tumor cells.
The scoring was independently assessed by AAW.H.C. and J.H.M.T. who were
blinded to the clinical outcomes.

Statistical Methods

For the phase II portion of the study, the primary end point was
progression-free survival (PES). The secondary end points were response
according to RECIST, overall survival (OS), and toxicity. All patients were
included in the analyses. The PFS was assessed from day 1 of treatment cycle 1
to the date when objective disease progression was observed. OS was calculated
from day 1 of treatment cycle 1 to the date of death. Death was regarded as a
progression event in those patients who died before disease progression. Pa-
tients without documented objective progression at the time of the final
analysis were censored at the date of their last tumor assessment. Survival
curves were constructed by using the Kaplan-Meier method.

Estimation of sample size for the phase II study was based on the follow-
ing. For patients with HCC receiving a standard treatment, the median PFS
would be approximately 1.4 months. We postulated that belinostat would
achieve a median PFS of approximately 2.8 months and the corresponding
lower limit of the 95% CI should exceed 1.4 months to conclude that the study
drug had sufficient antitumor activity. Assuming the PFS follows an exponen-
tial distribution, we needed to observe at least 28 events to achieve this level of
accuracy for the 95% CI with 90% power. To observe enough events for the
study, we needed to enroll 42 patients and observe all patients for at least
3 months.

Exploratory analysis on HR23B expression was viewed as hypothesis
generating. The optimal cutoff was determined by the receiver operating
characteristic curve distribution analysis.zz’23 Of a total histoscore of 300, the
threshold for differentiating between positive and negative HR23B immuno-
staining was set at 100; tumors with histoscore less than 100 were categorized as
“low histoscore”; those with scores = 100 were categorized as “high histo-
score.” Response rates in terms of disease stabilization (complete response
[CR] plus partial response [PR] plus stable disease [SD]) for patients in
association with HR23B histoscores (high or low) were compared by using
Fisher’s exact test and proportional hazard models, respectively.

From October 2006 to December 2009, a total of 54 patients provided
consent and were entered onto the study (Fig 1).

Phase | Study

Eighteen patients were entered onto the study: three at level 1,
three atlevel 2, six at level 3, and six at level 4. The median age was 57.9
years (range, 38 to 54 years). Sixteen (89%) were male, 14 (78%) had
ECOG performance score of 0, all had Child’s class A cirrhosis, 17
(94%) had chronic HBV, and one was negative for hepatitis B and
C serology.

DLTs included one grade 3 increased ALT, one grade 3 diarrhea
(subsequently resolved), one grade 3 abdominal distension (due to
cirrhotic ascites), and one grade 3 anemia. At the maximum dose of
1,400 mg/m” per day, MTD was not reached.

Pharmacokinetics Study

Pharmacokinetics of belinostat on day 1 were linear over the dose
range of 600 to 1,400 mg/m?. The maximum plasma concentration
(range, 28,052 to 58,234 ng/mL) and area under the plasma
concentration-time curve (range, 19,499 to 47,503 hours'ng/mL) in-

WwWW.jco.org

Assessed for eligibility
(N=91)
Excluded (n=37)
Did not meet inclusion

criteria* (n =25)

Declined to participate (n=12)
Enrolled patients (n =54)
Phase | (n=18)
Phase Il (including last six patients from Phase I) (n=42)

Individual site accrual

Hong Kong (n=44)
Korea (n=5)
Singapore (n=3)
United States (n=1)
Australia (n=1)
Allocated to intervention (n =54)
Received allocated intervention (n =54)
Lost to follow-up (n=0)
Discontinued intervention (n =54)
Adverse events or treatment complication (n=5)
Patient refusal (n=6)
Progressive disease or death (n=43)
Analyzed (n =54)
Excluded from analysis (n=0)

Fig 1. Trial profile. (*) Reasons for not meeting inclusion criteria: poor liver
functions (n = 14; including bilirubin > 30 umol/L [n = 11], ALP > 600 IU/L [n =
11, ALT, 5 X upper limit of normal [n = 1], albumin < 20 g/dL [n = 1]), platelet
count < 100 X 10%L (n = b), poor performance status (n = 3), abnormal
electrocardiogram (n = 1), active wound infection (n = 1), and liver biopsy unable
to confirm hepatocellular carcinoma (n = 1).

creased linearly with dose (Table 1). No drug accumulation was de-
tected after 5 days of repeat dosing at these dose levels. Previously, our
group reported that acetylated H3 expression increased significantly
when the incubation concentration of belinostat on HepG2 cell lines
reached 1 umol/L and above.** The estimated efficacious exposure
concentration was defined as 1.55 wmol/L for the HepG2 cell line in
preclinical models.'® Belinostat concentrations were above this for
more than 2 hours at 600 and 900 mg/m2 and 4 hours at 1,200 and
1,400 mg/m?, respectively (Fig 2).

Phase Il Study

The following analyses pertain to the 42 patients who were being
enrolled onto the phase II study. The belinostat dose of 1,400 mg/m*
per day on days 1 to 5 every 3 weeks was used. Patient characteristics
are provided in Table 2. The follow-up data were frozen on August 31,
2011. The median follow-up was 25.32 months (95% CI, 24.07 to
35.74 months). The median number of cycles was two (range, one to
12 cycles).

Response and Survival

Five patients were not evaluated with CT assessments because of
clinical deterioration; they were clinically assessed to have disease
progression. Among the 42 patients, there was one patients with PR

© 2012 by American Society of Clinical Oncology ~ 3363
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Table 1. Pharmacokinetic Parameters for Belinostat After 30 Minutes of Intravenous Infusion

Dose Level (mg/m

?)

Study Time Parameter” 600 900 1,200 1,400

Day 1 No. of patients 3 3 6 22
Crnaxe NG/ML 28,052 + 2,710 31,308 + 9,443 48,800 * 16,024 58,234 + 17,865
tmaxe hOUTS 0.35 0.42 0.42 0.45
AUCq 5 hours: h * ng/mL 18,929 + 136 21,796 + 5,490 36,887 + 10,540 45,596 + 13,910
AUC.4 hours: N * Ng/mL 19,499 =+ 370 22,267 + 5,485 38,988 + 11,781 47,503 * 14,044
ty2, hours 3.54 = 0.34 4.07 = 0.39 4.14 = 0.42 349+ 0.73
Cl, L/h 52.6 = 3.75 70.5+17.9 54.6 = 15.8 54.1 +18.0
V,, L 268 * 26.6 409 + 76.7 305 = 186 283 + 151

Day 5 AUCq 5 hours: h * ng/mL 17,770 = 1,323 20,485 * 4,965 32,530 + 8,054 52,555 + 16,535

Day b/day 11 AUC ratio 0.94 0.94 0.88 1.15

*Mean * standard deviation except for t. 4.

Abbreviations: AUC, area under the serum concentration-time curve; AUCy,, AUC from 0 to t hours; C,,,, maximum serum concentration; Cl, clearance; t;,
terminal half-life; t,,,., time to maximum serum concentration; V,, volume of distribution.

TAUC ratio is calculated based on AUCq_g nours ON day 5 divided by AUCq.5 hours ON day 1.

(2.4%), 19 with SD (45.2%), and 22 with PD (52.4%). For the patient
who achieved PR, her disease was mainly confined to large peritoneal
metastases; she received a total of 12 cycles of therapy, after which she
developed disease progression; she has remained alive with disease 36
months after initiating belinostat therapy. Overall, the median PFS
was 2.64 months (95% CI, 1.55 to 3.17 months; Appendix Fig A1A,
online only). The median OS was 6.60 months (95% CI, 4.53 to 11.60;
Appendix Fig A1B).

Toxicity

Toxicity was assessable in all 42 patients (Table 3). Grade = 3 toxicity
occurred in more than 5% of the patients and included abdominal pain,
hyperbilirubinemia, increased ALT, anemia, and vomiting. Two pa-
tients had grade 4 anemia: one was associated with a bleeding peptic
ulcer and the other was because of disease progression with hepatic
rupture. No significant drug-related neutropenia or thrombocytope-
nia was observed. Mild fatigue and injection site reaction were com-
mon and occurred in approximately 50% of the patients. One patient
developed sudden death; the patient went abroad and had no record of
hospital admission before his death, which was determined to be the
result of disease progression and was not likely to be the result of
study medication.

Exploratory Analysis

Of the 38 patients with pretreatment tumor tissues available for
this analysis, there was one patient with PR, 18 with SD, and 19 with
PD. The HR23B histoscores ranged from 30 to 265; Figure 3 illustrates
tumors with different HR23B histoscores. Thirty-one patients had
tumors with high HR23B histoscores; 18 (58%) achieved disease sta-
bilization (PR plus SD) and 13 (32%) had PD. Seven patients had
tumors with low HR23B histoscores; only one (14%) achieved disease
stabilization and six (86%) had PD. The difference was statistically
significant, with high HR23B histoscores associated with a higher rate
of disease stabilization (P = .036).

To the best of our knowledge, this is the first study to report on
epigenetic therapy for patients with advanced HCC. In two previous
phase I studies among patients with solid tumors and advanced hema-
tologic malignancies, the MTD of belinostat was determined to be
1,000 mg/m? per day on days 1 to 5 every 3 weeks.?>*® In this study, in
which the enrolled patients had advanced HCC and mild chronic liver
impairment, the MTD was not reached at 1,400 mg/m* per day.

= 1,000,000 — 600 mg/m?
= — 900 mg/m?
+— | 1,200 mg/m?
-lg 100,000 — 1,400 mg/m?
o
£ 10,000 -
ccla) IC,, of HepG2 =1,550 nM
kS 1,000 7NN NN Fig 2. Mean plasma disposition curve for
g belinostat at increasing dose levels. ICgp,
=] 100 half maximal inhibitory concentration.
£
> 101
g Day 1 Day 5
Q //
(db) 1 T T T T T // T T T

0 5 10 15 20 25 91 96 101

Time (hours)
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Table 2. Baseline Characteristics of Patients in the Phase Il Study

Characteristic No. of Patients %

Total No. of patients 42 100
Sex
Male 38 90
Female 4 10
Age, years
Median 57.5
Range 35-76
ECOG performance status
0 24 57
1 18 43
Positive hepatitis status
Hepatitis B &5 83
Hepatitis C 0 0
Missing 3 7
Child-Pugh grading for cirrhosis
A 41 98
B 1 2
Baseline AFP > ULN
Yes 34 81
No 8 19
Tumor burden
Macroscopic vascular invasion 5 12
Extrahepatic disease 31 74
Prior therapy for HCC of any form 34 81
No. of prior systemic therapies
0 26 62
1 11" 26
2 4t 10
3 1% 2
Prior local therapy with or without regional therapy
Surgery 15 36
Radiofrequency ablation 3 7
Transarterial therapy 21 50
Radiotherapy 3 7
Other prior therapy 28 5

Abbreviations: AFP, alpha fetoprotein; ECOG, Eastern Cooperative Oncology
Group; HCC, hepatocellular carcinoma; ULN, upper limit of normal.

“Eight patients had single-agent cytotoxic chemotherapy, one had combina-
tion cytotoxic chemotherapy, three had antiangiogenic agents, two had
unknown type of systemic therapy.

tTwo patients had two lines of cytotoxic chemotherapy (one line of single-
agent cytotoxic chemotherapy and one line of combination cytotoxic chemo-
therapy), one had one line of single-agent cytotoxic chemotherapy and one
line of antiangiogenic agent, and one had one line of combination cytotoxic
chemotherapy and one line of unknown agent.

$One patient had two lines of cytotoxic chemotherapy (one line of single-
agent cytotoxic chemotherapy and one line of combination cytotoxic chemo-
therapy) and another unknown type of systemic therapy.

§Treatment was not specified in these two patients.

Pharmacokinetics showed that belinostat does not have saturable ki-
netics, despite liver impairment at the doses studied, and it undergoes
rapid clearance, with modest interindividual variability. Since histone
acetylation in blood has been shown to correlate with tumor acetyla-
tion and growth delay in a dose-dependent manner,'” and pharmaco-
dynamics of belinostat have reported that the area under the plasma
concentration-time curve for histone acetylation approaches a plateau
at the MTD of 1,200 mg/m?*? it is likely that the maximum biologi-
cally effective dose is approximately 1,200 mg/m?. As a result, although
there was no DLT at 1,400 mg/ m?, it was determined that further dose
escalation was not warranted.

WwWW.jco.org

Table 3. Hematologic and Nonhematologic Toxicities According to National

Cancer Institute Common Toxicity Criteria Version 3.0 (n = 42)

Worst Grade
1-2 3 4

Toxicity No. % No. % No. %
Anemia 0 1 2.4 2 4.8
Abdominal pain 12 28.6 3 71 1 2.4
ALT 1 2.4 4 9.5 0
Hyperbilirubinemia 0 4 9.5 0
Vomiting 14 33.3 3 7.1 0
Distension 5 11.9 2 4.8 0
Prolonged QTc 1 2.4 2 4.8 0
Dehydration 0 2 4.8 0
Hemorrhage, other 0 2 4.8 0
Anorexia 14 33.3 1 2.4 0
Nausea 14 33.3 1 2.4 0
Diarrhea 8 19.0 1 2.4 0
Edema, limb 7 16.7 1 2.4 0
Hiccoughs 7 16.7 1 2.4 0
Allergic reaction 8 7.1 1 2.4 0
Fatigue 20 47.6 0 0
Injection site reaction 20 47.6 0 0
Constipation 14 33.3 0 0
Insomnia 12 28.6 0 0
Dizziness 9 214 0 0
Mucositis, oral cavity 5 11.9 0 0
Cough 4 9.5 0 0
Dyspnea 4 9.5 0 0
Fever 4 9.5 0 0
Rash 4 915 0 0
Taste alteration 4 9.5 0 0
Urinary frequency 4 9.5 0 0

Administering belinostat at 1,400 mg/m? per day on days 1 to 5
every 3 weeks resulted in grade 3 to 4 toxicities that occurred in 10% of
the patients: abdominal pain, hyperbilirubinemia, and increased ALT.
In contrast to the earlier phase I studies in which only one case of
hepatoxicity was reported,”>® hepatic impairment appeared to be
more common in this study, possibly because of the presence of tumor
within the liver as well as concomitant HBV-associated chronic liver
disease. One of the concerns of using HDACISs is prolonged QTc
associated with depsipeptide and LAQ824*”%%; in this study, three
patients had prolonged QTc (one grade 2 and two grade 3), but these
were asymptomatic and no other significant cardiotoxicity was noted.

To date, efficacy of epigenetic therapy using HDACIs has been
demonstrated mainly in advanced hematologic malignancies, in par-
ticular, cutaneous and peripheral T-cell lymphoma.***° This study
demonstrates that HDAC inhibition may achieve disease stabilization
in an HCC population for whom prior therapies have failed. The
alpha-fetoprotein of the patient who achieved PR dropped from 8,258
to 2,756 ug/L, and another nine patients had stable alpha-fetoprotein
during the study period, with seven of them documented to have SD
on CT assessment. However, it is noted that the short PFS and the
phase II design of this study preclude definitive assessment of antitu-
mor activity of belinostat.

In addition to histone acetylation, DNA methylation by DNA
methyltransferase is another common aberrant epigenetic mecha-
nism in HCC,*® and it is involved the suppression of various genes,

© 2012 by American Society of Clinical Oncology 3365
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Fig 3. Immunohistochemical staining of HR23B of pretreatment tumor tissues:
(A) tumor with histoscore 30/300 (low histoscore), (B) tumor with histoscore
150/300 (high histoscore), and (C) tumor with histoscore 255/300 (high

histoscore).
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including RASSFIA, p16, p15, and p21(WAF1).*° The combina-
tion of HDACI with DNA methyltransferase inhibitor has shown
enhanced antitumor effects in in vitro HCC studies.'>’" Although
these agents have not been assessed in HCC, their efficacy has
been reported in myelodysplastic syndrome and acute myelog-
enous leukemia.

There has been limited ability to identify biomarkers for ap-
propriate use of epigenetic therapy. By using a genome-wide loss-
of-function screen for HDACI-induced apoptosis,”> HR23B was
identified to be a potential marker. In patients with cutaneous
T-cell lymphoma, HR23B expression has been associated with
response to HDACIs (suberoylanilide hydroxamic acid, belinostat,
and depsipeptide).'® The findings from this study lend support to
the suggestion that HR23B may be a generally useful biomarker for
predicting clinical responses to HDACISs; although more clinical
confirmation is required, its role in HCC could be further assessed
by in vitro studies, for instance, by assessing changes in sensitiv-
ity to HDACPDs effects with manipulation of HR23B levels in
HCC cells.

Mechanistically, it has been shown that proteasomal activity is
under aberrant control in tumor cells treated with HDACIs.”> In
HR23B-expressing tumors, the combination of HDACI and protea-
some inhibitor resulted in increased inhibitory effects on proteasome
activity and has been suggested to have clinically additive effects.”>**

In summary, this study demonstrates that belinostat enables dis-
ease stabilization with a tolerable toxicity profile among patients with
HCC. Although additional study would be required to confirm the
usefulness of belinostat as a single agent, further improvement in
clinical efficacy using epigenetic therapy for HCC will likely require
combining HDACI with other novel compounds. HR23B as a poten-
tial biomarker needs confirmation and may enable better selection of
appropriate patient population.
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