
Cancer Therapy: Clinical

A Phase I Study of Quisinostat (JNJ-26481585), an Oral
Hydroxamate Histone Deacetylase Inhibitor with Evidence of
Target Modulation and Antitumor Activity, in Patients with
Advanced Solid Tumors

Balaji Venugopal1, Richard Baird2, Rebecca S. Kristeleit3, Ruth Plummer5, Richard Cowan6, Adam Stewart2,
Nele Fourneau7, Peter Hellemans7, Yusri Elsayed8, Steve Mcclue8, Johan W. Smit7, Ann Forslund7,
Charles Phelps8, John Camm4, T.R. Jeffry Evans1, Johann S. de Bono2, and Udai Banerji2

Abstract
Purpose: To determine the maximum-tolerated dose (MTD), dose-limiting toxicities (DLT), and

pharmacokinetic and pharmacodynamic profile of quisinostat, a novel hydroxamate, pan-histone deace-

tylase inhibitor (HDACi).

Experimental Design: In this first-in-human phase I study, quisinostat was administered orally, once

daily in three weekly cycles to patients with advanced malignancies, using a two-stage accelerated titration

design. Three intermittent schedules were subsequently explored: four days on/three days off; every

Monday, Wednesday, Friday (MWF); and everyMonday and Thursday (M-Th). Toxicity, pharmacokinetics,

pharmacodynamics, and clinical efficacy were evaluated at each schedule.

Results: Ninety-two patients were treated in continuous daily (2–12 mg) and three intermittent dosing

schedules (6–19 mg). Treatment-emergent adverse events included: fatigue, nausea, decreased appetite,

lethargy, and vomiting. DLTs observed were predominantly cardiovascular, including nonsustained

ventricular tachycardia, ST/T-wave abnormalities, and other tachyarhythmias. Noncardiac DLTs were

fatigue and abnormal liver function tests. The maximum plasma concentration (Cmax) and area under

the plasma concentration–time curve (AUC) of quisinostat increased proportionally with dose. Pharma-

codynamic evaluation showed increased acetylated histone 3 in hair follicles, skin and tumor biopsies, and

in peripheral blood mononuclear cells as well as decreased Ki67 in skin and tumor biopsies. A partial

response lasting five months was seen in one patient with melanoma. Stable disease was seen in eight

patients (duration 4–10.5 months).

Conclusions: The adverse event profile of quisinostat was comparable with that of other HDACi.

Intermittent schedules were better tolerated than continuous schedules. On the basis of tolerability,

pharmacokinetic predictions, and pharmacodynamic effects, the recommended dose for phase II studies

is 12 mg on the MWF schedule. Clin Cancer Res; 19(15); 4262–72. �2013 AACR.

Introduction
Modification of histones by acetylation, in addition to

other epigenetic processes, can play a key role in tumori-

genesis (1). Histone deacetylase (HDAC) enzyme can affect
chromatin condensation by deacetylating the lysine resi-
dues of histones that restrict access to transcriptional sites,
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and thus regulate gene expression. Aberrant activity of
HDACs has been documented in a variety of cancers, and
HDACs have emerged as an attractive therapeutic target (2).
HDAC inhibitors (HDACi) are a structurally diverse group
of anticancer agents which can cause changes in gene
expression, induction of apoptosis, cell-cycle arrest, and
differentiation, by altering the acetylation status of histone
and nonhistone proteins. In addition, HDACi result in
degradation of oncogenes, including the EGF receptor and
human EGF receptor 2/neu by acetylating the molecular
chaperone HSP90 and can also play a role in inhibiting
angiogenesis (3, 4). HDACi have pleiotropic effects on
malignant cells and have shown potent anticancer activity
in preclinical studies. Despite the promising preclinical
activity, only 2 HDACi, namely vorinostat (suberoylanilide
hydroxamic acid) and romidepsin (depsipeptide), have
been approved by the U.S. Food and Drug Administration
for treatment in selected cases of cutaneous T- cell lympho-
ma (CTCL; refs. 5, 6).
Quisinostat is a novel hydroxamate-based HDACi

which exerts broad-spectrum antiproliferative activity
against a wide panel of cancer cell lines including lung,
colon, breast, prostate, and ovarian cell lines at nanomo-
lar concentrations. Quisinostat inhibits both class I and II
HDACs and has shown sustained H3 acetylation and
potent antitumor activity in preclinical in vivo models of
human cancers (7). In addition, quisinostat exhibits
potent antitumor activity in murine models of multiple
myeloma, with near complete reduction in tumor load
and significant decrease in angiogenesis (8). Quisinostat
has been shown to have excellent tissue distribution
properties in preclinical studies (9).

Here, we report results of a first-in-human, phase I study
in patients with advanced malignancies that determined
dose-limiting toxicities (DLTs) and maximum-tolerated
dose (MTD) of quisinostat and evaluated its safety and
pharmacokinetic properties in patients with advanced stage
or refractory solid malignancies and lymphoma. Also eval-
uated were the effect of food on pharmacokinetics of
quisinostat, antitumor activity and pharmacodynamic
effects in tumor and surrogate tissues.

Materials and Methods
Study population

Eligible patients were those 18 years of age or more with
advanced solid tumors or lymphomas that were refractory
to standard therapy, with Eastern Cooperative Oncology
Group (ECOG) performance status score�2, life expectan-
cy >3months, and adequate gastrointestinal, hepatic, renal,
bone marrow, and cardiac function. Patients at increased
cardiac risk were excluded, including those with uncon-
trolled hypertension, unstable angina, myocardial infarc-
tionwithin the previous 12months, left ventricular ejection
fraction (LVEF) less than 50%, congestive heart failure of
New York Heart Association (10) Class II–IV, any history of
cardiomyopathy or ventricular arrhythmia, requirement for
a cardiac pacemaker, or a family history of long QT syn-
drome. Patients were not allowed to take concomitant
medications known to have a risk of causing QTc prolonga-
tion and torsades de pointes. Other exclusion criteria
included: brain metastases, chemotherapy (in case of nitro-
soureas or mitomycin C within 6 weeks) or radiotherapy or
immunotherapy within 4 weeks before study drug admin-
istration, grade �2 neuropathy, or positive serology for
hepatitis B, hepatitis C, or human immunodeficiency virus.
Women who were pregnant, planning to become pregnant,
or were nursing were excluded. Patients previously treated
with HDACi were also excluded.

An Independent Ethics Committee at each study site
approved the protocol. This study was conducted in accor-
dance with the ethical principles originating in the Decla-
ration of Helsinki and in accordance with International
Conference on Harmonization (ICH) Good Clinical Prac-
tices guidelines, applicable regulatory requirements, and in
compliance with the protocol. All patients provided written
informed consent to participate in the study before under-
going any study-related procedures. A Data Review Com-
mittee was formed to ensure optimum study conduct.

Study design
This phase I dose-escalation study was conducted from

September 2007 to September 2011 at 5 study centers in
the United Kingdom. It included a 14-day screening phase,
anopen-label phase consisting of 21-day treatment cycles of
quisinostat, and an end-of-study visit within 14 days after
the last dose. The study was divided into 2 parts, a dose-
escalation phase (part 1) and an expansion phase (part 2).
The study drug was administered orally, once daily, starting
with 2 mg/day dose with continuous treatment schedule.
Cycle 1 was designated as the DLT period; DLT was defined

Translational Relevance
Epigenetic abnormalities are described in a wide

variety of solid tumors and hematologic malignancies.
Histone deacetylase inhibitors (HDACi) increase acet-
ylation of histones and other proteins, leading to a
modified histone–DNA complex and altered gene exp-
ression. This can lead to growth arrest, cellular differ-
entiation, and apoptosis in preclinicalmodels of cancer.
Quisinostat is an orally available, potent, hydroxamate,
pan-HDACi with broad activity in solid and hemato-
logic tumor models. Here, we present the safety and
efficacy data from a first-in-human, dose-escalation
study in patients with advanced solid tumors treated
on continuous and intermittent schedules. Quisinostat
was well tolerated at the maximum-tolerated dose of
12 mg given 3 times weekly (Mon/Wed/Fri). The major
dose-limiting toxicities were predominantly cardiovas-
cular, including tachyarrhythmias and ST/T-wave abn-
ormalities. Pharmacodynamic efficacy was evidenced
by increased acetylated histone 3 and decreased Ki67. A
partial response lasting 5 months was seen in one
patient with melanoma.
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as either treatment interruption of more than 7 days for
grade �2 toxicity during the 21-day cycle, grade 3 or grade
4 nonhematologic toxicity (excluding nausea or vomiting
responsive to antiemetic treatment, alopecia, clinically
tolerable diarrhea responding to antidiarrheal treatment,
isolated grade 3 g-glutamyl transpeptidase elevations,
grade 3 fatigue, grade 3 asthenia, and grade 3 troponin I
rise in the absence of other evidence ofmyocardial damage
indices), grade �3 nausea or vomiting despite adequate
antiemetic treatment, persistent grade�2 nausea or vomit-
ing despite antiemetic treatment for more than 7 days,
grade �3 diarrhea despite adequate antidiarrheal treat-
ment, or persistent grade�2 diarrhea despite antidiarrheal
treatment for more than 7 days, grade 4 asthenia and grade
4 fatigue, or grade 4 hematologic toxicity (absolute neu-
trophil count of <500/mm3 for >7 days or with fever,
platelet count <25,000/mm3). The MTD was defined as
the highest dose at which less than 2 out of 6 patients
experienced a DLT.

During part I of the study, a Korn’s two-stage accelerated
titration design (11) was followed to minimize the number
of patients exposed to subtherapeutic doses of quisinostat.
Initially, 2 patients were included in each cohort, and 100%
dose increments were applied. Following the first event of a
drug-related grade �2 toxicity (except grade 2 fatigue,
asthenia, anorexia and nausea, vomiting and diarrhea, if
adequately treated within 7 days), subsequent treatment
followed a conventional 3þ3 dose-escalation design with
up to 3 additional patients added if one patient exhibited a
DLT. Further dose escalation was halted if at least 2 out of a
maximum of 6 patients within a cohort exhibited a DLT.
Dose-escalation decisions were based on the safety and
pharmacokinetic data from cycle 1.

During part 2, additional patients were enrolled for
safety, pharmacokinetics, antitumor activity, and pharma-
codynamics assessments. In this phase, patients were trea-
ted at the MTD level and 19 patients were enrolled at 12mg
dosing on Monday, Wednesday, Friday (MWF) schedule.

Intrapatient dose escalations were not allowed anytime
during the study. Patients were discontinued from the study
in the event of progressive disease or any unacceptable
toxicity.

During cycle 1, pharmacokinetic, pharmacodynamic,
and toxicity assessments were carried out on days �1, 1,
2, 8, 15, and 21. Interim safety evaluations were conducted
on days 3, 8, 15, and 21 of cycle 1, on days 8, 15, and 21 of
cycle 2, and on day 21 of subsequent cycles. During cycle 2,
pharmacodynamic sampling was carried out on day 21.
Modifications to the timing of pharmacokinetic, pharma-
codynamic, and safety assessments were implemented for
intermittent treatment schedules.

The study drug, quisinostat (Jansssen Research and
Development, LLC), was supplied as capsules for oral use,
in strengths of 1, 5, and 20 mg. The study drug was
administered within 5 minutes after breakfast and patients
fasted at least for 2 hours after taking the study drug.

Continuous treatment schedule (starting with 2 mg/day
dose) and intermittent treatment schedules, MWF, 4 days

on/3 days off (starting with 6 mg/day dose), and Monday
and Thursday (M-Th; starting with 8 mg/day dose) were
evaluated in this study. The MTD was determined for all
treatment schedules.

Safety evaluations
Safety assessments included monitoring for treatment-

emergent adverse events (TEAE), DLTs, clinical laboratory
tests, vital signs, physical examinations, and 12-lead elec-
trocardiograms (ECG), and 24-hour Holter monitoring.
Ejection fraction was assessed by either echocardiograms
or multigated acquisition (MUGA) scans at baseline and at
the end of cycle 2. Adverse events were evaluated in accor-
dance with National Cancer Institute Common Terminol-
ogy Criteria for Adverse Events, Version 3.0 (12), and were
followed to a satisfactory resolution or a clinically stable
endpoint.

Pharmacokinetic evaluations
Venous blood samples (3 mL) were collected for deter-

mination of plasma concentrations of quisinostat at fol-
lowing time points on day 1 and on the last day of study
drug intake of the first cycle: predose (within 15 minutes
before dosing), 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10 or 12, and
24 hours postdose across all schedules. In addition, pre-
dose sampling was done on days 8 and 15 in the
continuous dosing regimen. In the intermittent dosing
schedules, predose sampling was done on days 4 and 11
for both 4 days on/3 days off and M-Th schedules and on
days 5 and 10 for MWF schedule. Plasma samples were
analyzed for quisinostat using a selective and validated
analytical method by Janssen Research & Development.
The method is based on a protein precipitation extraction
followed by liquid chromatography coupled to ion-spray
tandem mass spectrometry in the positive ion mode. The
method has a lower limit of quantitation of 0.1 ng/mL
plasma.

Pharmacokinetic parameters. Noncompartmental anal-
ysis was conducted using WinNonlin (Pharsight Corpora-
tion, Version 5.2). Pharmacokinetic parameters calculated
fromplasma concentration–time data weremaximumplas-
ma concentration (Cmax), time to reach Cmax (tmax), and
area under the plasma concentration-time curve (AUC)
from 0 to the last measurable plasma concentration as
calculated by the linear trapezoidal rule (AUC0–last); and
apparent plasma terminal elimination half-life t1/2 (when-

ever possible), where t1/2 ¼ (ln2)/lz.
The plasma concentration–time curves were used to

estimateCmax, tmax, AUC from time 0 to 24 hours (AUC24 h)
for days 1 and 21, and additionally the AUC from time 0 to
infinity (AUC¥) for day 1.

Pharmacodynamic evaluations
Blood samples were collected for the assessment of acet-

ylated histone 3 (AcH3) in peripheral blood mononuclear
cells (PBMC). Sampling was conducted at predose, 2, 4, and
8 hours postdose on days 1 and 19 of cycle 1 on the MWF
schedule anddays1 and18of cycle 1 for the 4dayson/3days
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off and M-Th schedules. PBMCs were collected only on the
intermittent dosing schedules. Skin biopsies (punchbiopsy),
hair follicles, and tumor biopsies (in patients with anatom-
ically accessible tumors, e.g., skin metastases) were collected
during cycle 1 on day 1 (predose) and 3 to 6 hours postdose
on days 18, 19, or 21 depending on the dosing schedule.
Histone acetylation. Blood samples collected in sodium

citrate tubes (BD Vacutainer) were spun immediately at
room temperature to separate plasma and PBMC. PBMCs
were washed twice with phosphate buffered saline (also at
room temperature), then snap frozen in dry ice, and stored
at �80�C until further analysis.
AcH3 in PBMCs was measured by ELISA using Meso

Scale Discovery (MSD) platform with Ruthenium-labeled
goat anti-rabbit immunoglobulin G (detection antibody,
MSD),Mouse pan antihistonemonoclonal antibody (coat-
ing antibody, Millipore), and rabbit AcH3 polyclonal anti-
body (Millipore). The lower cutoff was defined as 0.0048
ng/ug protein based on the assay variability of the standard
curve which was generated using an acetylated H3 peptide
(Millipore).
AcH3 in skin and tumor biopsies from formalin-fixed

paraffin-embedded blocks was detected in sections stained
on a DAKO autostainer, which were deparaffinised and
rehydrated for antigen retrieval by heat-induced antigen
retrieval process in citrate buffer at pH 6 and 95�C for
30 minutes. Endogenous peroxidases were blocked with
H2O2. Sections were incubated with primary antibody anti-
histone 3 (Millipore) followed by peroxidase-labeled
secondary antibody (Dako Envision system horseradish
peroxidase-labeled polymer antimouse). Protein antibody
complexes were visualized using 3,3-diaminobenzidine
(DAB; Dako liquid DAB þ substrate chromogen system).
Hematoxylin was used for nuclear staining.
AcH3 in hair follicles were assessed by harvesting 3 to 4

hair follicles with intact bulb which was fixed in 10%
formalin saline at 4�C. Antigen was retrieved at 95�C for
15 minutes with Target antigen retrieval solution (Dako,
S1699) and blocked with 5% w/v nonfat dry milk in Tris
buffered saline (50 mmol/L Tris, 150 mmol/L NaCl at pH
7.6). Follicles were incubated with Primary anti-Histone3
antibody (ab4729, Abcam) at 1:150 and secondary anti-
body, AlexaFluor 488 goat anti-rabbit (A11008, Invitrogen)
at 1:1000; washed with carbocyanine monomer nucleic
acid stain TO-PRO-3 at 1:10000 (T365 Invitrogen), and
fluorescein isothiocyanate and Cy5 images were captured
by confocalmicroscope (LeicaMicrosytems). The change in
AcH3 was expressed as fold change (based on intensities of
acetylated histone nuclear stain) between mean pretreat-
ment and posttreatment staining.
Ki67 analysis. Ki67 was stained in skin and tumor

biopsies as per immunohistochemical method for AcH3
estimation. Ki67 clone MIB-1 ready-to-use mouse mono-
clonal antibody (Dako) was used.

Efficacy evaluations
Baseline tumor assessments were conducted by CT or

MRI within 4 weeks of starting study treatment, and

efficacy was evaluated by repeat imaging and tumor
markers (if appropriate) after every 2 treatment cycles
until 8 cycles following which the imaging schedule was
at investigators’ discretion. The tumor assessments were
conducted using Response Evaluation Criteria in Solid
Tumors version 1.0 (13) for solid tumors and the Inter-
national Working Group Standardized Response Criteria
(14) for lymphoma.

Statistical analysis
The pharmacokinetic and pharmacodynamic analysis

sets included patients who had sufficient and interpretable

Table 1. Demographic and baseline
characteristics of patients

All patients
(N ¼ 92)

Age, y
Median (range) 56 (22–77)
Mean (SD) 54.8 (12.81)

Sex, n (%)
Women 48 (52.2%)
Men 44 (47.8%)

Race, n (%)a

Asian 5 (5.5%)
White 86 (94.5%)

ECOGb performance status
Grade 0 32 (34.8%)
Grade 1 57 (62.0%)
Grade 2 3 (3.3%)

Tumor type, n (%)
Colorectal cancer 24 (26.1%)
Melanoma 22 (23.9%)
Non—small cell lung cancer 7 (7.6%)
Mesothelioma 5 (5.4%)
Pancreatic cancer 4 (4.3%)
Prostate cancer 4 (4.3%)
Adenocarcinoma of unknown primary 3 (3.3%)
Cervical cancer 3 (3.3%)
Oesophageal cancer 3 (3.3%)
Ovarian cancer 3 (3.3%)
Cholangiocarcinoma 2 (2.2%)
Duodenal cancer 2 (2.2%)
Renal cancer 2 (2.2%)
Adenocarcinoma of Bartholin's gland 1 (1.1%)
Ampullary cancer 1 (1.1%)
Bladder cancer 1 (1.1%)
Gastrointestinal stromal tumor 1 (1.1%)
Head and neck cancer 1 (1.1%)
Hodgkin lymphoma 1 (1.1%)
Thymoma 1 (1.1%)
Vulvar cancer 1 (1.1%)

aN ¼ 91.
bEastern Cooperative Oncology Group.
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data for treatment with quisinostat. The safety analysis set
included all patients who received at least one dose of
quisinostat. Descriptive statistics were used to summarize
the pharmacokinetic, pharmacodynamic, safety, and effi-
cacy results.

Results
Patient disposition and baseline characteristics

A total of 92 patients were enrolled in the study of which
52%were women. The median age of patients was 56 years
(Table 1). Twenty patients received quisinostat on the
original continuous treatment schedule. Subsequently, 3
intermittent treatment schedules were explored with 19
patients treated on 4 days on/3 days off treatment schedule,
38 patients onMWF treatment schedule and 15 patients on
M-Th treatment schedule (Table 2).

Seventy-nine (86%) patients completed cycle 1. The
median number of treatment cycles received by patients
was 2 (range: 1–19); 7 patients received 6 or more cycles of
treatment. The reasons for treatment discontinuations were
disease progression (n¼73, 79.3%), adverse events (n¼12,
13%), withdrawal of consent (n ¼ 2, 2.2%), death (n ¼ 1,
1.1%), and other reasons (n ¼ 4, 4.3%).

Safety
Dose escalation, DLTs, and determination of MTD. Ten

(11%) patients experienced DLTs during the study (Table
2), which were predominantly cardiovascular. The MTD

of quisinostat was found to be 8 mg with continuous
treatment, 10 mg with 4 days on/3 days off treatment, 12
mg with MWF treatment, and 15 mg with M-Th treatment
(Table 2). The MTDs were found to correlate inversely
with dose intensity. Additional 19 patients were subse-
quently enrolled as an expansion of the MTD cohort at 12
mg MWF. Data obtained from the expansion cohort have
confirmed 12 mg MWF as the recommended phase II
dose.

DLT observed with the continuous treatment schedule
included hyperbilirubinemia at 6 mg, an event that did not
reoccur after dose reduction to 4 mg. Two patients experi-
enced cardiac toxicity with asymptomatic nonsustained
ventricular tachycardia (NSVT) in 1 patient at 8 mg and
symptomatic NSVT (palpitations, dyspnea, and dizziness)
in another patient at 12 mg. One patient at 12 mg experi-
enced dose-limiting fatigue requiring repeated dose
reduction. DLTs observed on the 4 days on/3 days off
treatment at 12 mg included asymptomatic NSVT in one
patient and significant electrocardiographic ST-T segment
abnormalities in another. DLTs observed on the MWF
treatment at 12 mg included QTc prolongation in one
patient and hypertension in combination with asymptom-
atic troponin I increase in another patient that remained
unexplainedby further investigations.DLTs observedon the
M-Th treatment at 19 mg included one event of supraven-
tricular tachycardia/atrioventricular nodal reentry tachycar-
dia in a patient with a medical history of supraventricular

Table 2. Dose-escalation scheme, DLTs observed, and determination of MTD for different schedules of
quisinostat

Treatment
schedule/dose 2 mg 4 mg 6 mg 8 mg 10 mg 12 mg 15 mg 16 mg 19 mg DLTs Observed

QDa schedule
(n ¼ 20)

n ¼ 2 n ¼ 2 n ¼ 6,
1 DLT1

n ¼ 8,
1 DLT2

MTD

– n ¼ 2,
2 DLTs3,4

– – –
1Hyperbilirubinaemia
2Ventricular tachyarrhythmia
3Fatigue
4Ventricular tachycardia

4 on/3 offb

schedule
(n ¼ 19)

– – n ¼ 3 n ¼ 3 n ¼ 6,
0 DLTs
MTD

n ¼ 7,
2 DLTs5,6

– – –
5T-wave inversion,
ST depression, Chronic
hepatic failure

6Ventricular tachycardia
MWFc

schedule
(n ¼ 38)

– – n ¼ 3 n ¼ 3 – n ¼ 26,
2 DLTs7,8

MTD

– n ¼ 6
0 DLTs

–
7Prolonged QTc interval
8Hypertension, elevated
troponin

M-Thd

schedule
(n ¼ 15)

– – – n ¼ 3 – n ¼ 3 n ¼ 6,
0 DLTs
MTD

– n ¼ 3,
2 DLTs9,10

9Cardiac T-wave abnormalities
10Atrioventricular nodal re-entry
tachycardia

NOTE: Four different treatment scheduleswere evaluated. TheDLTswere predominantly cardiovascular. At the recommendedphase II
dose of 12 mg MWF, 2 of 26 DLTs were seen.
Abbreviation: QD, every day.
aContinuous treatment.
b4 days on/3 days off treatment.
cMWF treatment.
dM-Th treatment.
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tachycardia and one patient showing significant changes in
the ST segment/T-wave on ECGs (Table 2).

Treatment-emergent adverse events
Eighty-two (89%) patients experienced TEAEs that were

considered at least possibly related to study drug; the most
frequently reported (occurring in �10% of patients) drug-
related TEAEs were fatigue, lethargy, nausea, decreased
appetite, ventricular tachycardia, vomiting, and cardiac
disorders (Table 3). The majority of these TEAEs were mild
to moderate in severity. Fatigue or lethargy was the most
common side effect reported and was seen in 57.6% of
patients; however, only in one instance fatigue was the DLT
and in general it was less common in the intermittent
regimens (Table 3). Of note, at the recommended dose of
12 mg MWF, grade 3 fatigue/lethargy was seen in 3 of 26
(12%) patients. Nausea, decreased appetite, and vomiting
were reported in 32%, 22%, and 17% of patients, respec-
tively. There were no grade 3/4 events of nausea and one
case of grade 3 vomiting was reported in the entire trial.
These symptoms were well controlled by antiemetics such
as domperidone and cyclizine.

Cardiac arrhythmia has been identified as an adverse
effect of quisinostat. In 27% of patients, increased ventric-
ular ectopic activity has been observed on serial Holter
recordings (Supplementary Table S1). Most typically, this
presented itself as a gradual increase in number of ventric-
ular extrasystoles over time, sometimes associated with
short runs of NSVT, and was asymptomatic in the majority
of cases. In 2 patients on 16 mg MWF treatment, a substan-
tial increase in ventricular extrasystoles up to >3,000/24
hours was associated with palpitations. The latter events
were taken into account for setting 12mg as theMTDon the
MWF regimen. In one patient on 12 mg continuous regi-
men, increased ventricular ectopicity was associated with
palpitations, dizziness, and breathlessness requiring dis-
continuation of study drug. There was no evidence of QTc
prolongation based on statistical analysis or based on a
pharmacokinetic versus QTc correlation analysis. No effect
on LVEF was observed in patients with serial measurements
at baseline and on study drug.

Two patients receiving 8 mg of quisinostat died during
the study: one on continuous treatment schedule (pneu-
monia) and the other on MWF treatment schedule

Table 3. TEAE considered at least possibly related to study drug, experienced by at least 3% of patients
(highest grade per event per patient)

QDa Schedule
(n ¼ 20)

4 on/3 offb schedule
(n ¼ 19)

MWFc Schedule
(n ¼ 38)

M-Thd Schedule
(n ¼ 15)

Total all schedules
combined (n ¼ 92)

Grade 1/2 Grade 3/4 Grade 1/2 Grade 3/4 Grade 1/2 Grade 3/4 Grade 1/2 Grade 3/4 Grade 1/2 Grade 3/4 N (%)

Fatigue 3 3 9 4 8 2 6 1 26 10 36 (39.1)
Nausea 5 0 8 0 13 0 3 0 29 0 29 (31.5)
Decreased
appetite

9 1 0 0 7 1 2 0 18 2 20 (21.7)

Ventricular
tachycardia

4 0 7 0 5 0 2 0 18 0 18 (19.6)

Lethargy 7 0 0 0 8 1 1 0 16 1 17 (18.5)
Vomiting 2 0 3 1 7 0 3 0 15 1 16 (17.4)
Cardiac disordere 5 0 1 0 4 2 2 1 12 3 15 (16.3)
Palpitations 1 0 2 0 3 0 0 1 6 1 7 (7.6)
Diarrhea 2 0 2 0 1 1 0 0 5 1 6 (6.5)
Dysgeusia 1 0 0 0 5 0 0 0 6 0 6 (6.5)
Headache 1 0 1 0 2 0 1 0 5 0 5 (5.4)
Thrombocytopenia 3 0 1 0 0 0 1 0 5 0 5 (5.4)
Ventricular
extrasystoles

2 0 1 0 2 0 0 0 5 0 5 (5.4)

Constipation 2 0 0 0 1 0 1 0 4 0 4 (4.3)
Edema peripheral 0 0 0 0 3 0 1 0 4 0 4 (4.3)
Dyspnoea 1 0 1 0 0 1 0 0 2 1 3 (3.3)
Hypertension 0 0 0 0 3 0 0 0 3 0 3 (3.3)
Paraesthesia 2 0 0 0 1 0 0 0 3 0 3 (3.3)
Weight loss 2 0 1 0 0 0 0 0 3 0 3 (3.3)

Abbreviation: QD, every day.
aContinuous treatment.
b4 days on/3 days off treatment.
cMWF treatment.
dM-Th treatment.
eCardiac disorders reported: ST-T segment changes (n ¼ 10), QTc prolongation G1 (n ¼ 1), QTc prolongation G2 (n ¼ 2), QTc
prolongation G3 (n ¼ 2), supraventricular tachycardia (n ¼ 1), atrial fibrillation (n ¼ 1), NSVT (n ¼ 1).
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(progressive disease); both events were not considered to be
study drug related.

No clinically relevant changes were observed in clinical
laboratory values, vital signs, and physical examinations.
There were no observations of grade 3/4 neutropenia or
grade 3/4 thrombocytopenia.

Pharmacokinetics
Absorption of quisinostat was rapid with tmax ranging

between 1 and 6 hours across all treatment schedules and
doses. Generally, the Cmax and AUC0–last values increased
roughly proportionally with dose on day 1 (Supplementary
Table S2) as well as at the steady state (Table 4) although no
formal testing was conducted as the dose range was limited.
The concentration–time profile exhibited a biexponential
decline; themedian half-life with the 12mg dose withMWF
treatment schedule was 8.8 hours (range 2.4–11.7; Supple-
mentary Table S2). Overall, pharmacokinetics of quisino-
stat was similar for continuous and intermittent treatment
schedules apart from plasma drug exposure, which was
numerically higher inMWF schedule. The pharmacokinetic
profile at the recommended phase II dose achieved drug
concentration that was known to be effective in animal
models (Supplementary Fig. S1). In the 13 patients where
pharmacokinetics was evaluated in fed and fasted state at 6
and 8 mg once daily dosing to ascertain food effect, no
clinically meaningful effect was noted on drug absorption

(AUClast fasted/AUClast fed ratio: 1.03). Food intake, how-
ever, seemed to have a marginal effect on the rate of
absorption (Cmax fasted/fed ratio: 0.87).

Pharmacodynamics
Acetylation of histone 3 and Ki67. Treatment with qui-

sinostat resulted in increased levels of AcH3 in PBMC, skin
biopsies, and hair follicles at all evaluated doses in the
intermittent treatment schedules. In PBMCs, the greatest
change from baseline levels varied between 35% and 548%
in individual samples, and mean increase per dose level
ranged between 126% and 331% (Fig. 1A). There was
evidence of an increase in levels of AcH3 measured in hair
follicles following treatment with quisinostat (Fig. 1B) and
there was a trend toward dose-dependent increase in his-
tone 3 acetylation, starting at 6 mg dose level, (R2 ¼
0.323; Fig. 1C). In skin biopsies, proliferation index (%
Ki67-labeled nuclei) generally decreased after the treatment
(data not shown). Three matched pre- and posttumor
biopsies were conducted and it was possible to show
changes in pharmacodynamic biomarkers in all the 3paired
samples (Fig. 1C).

Efficacy
Therewas one confirmed partial response observed in the

study (Fig. 2A). A woman with metastatic melanoma who
had previously been treatedwith dacarbazine had complete

Table 4. Summary of pharmacokinetic parameters of quisinostat estimated at steady state

Treatment Cmax (ng/mL) AUC0–last (ng.h/mL) tmax (h)

QDa

6 mg (n ¼ 5) 0.828 (0.387–1.71) 3.62 (2.09–9.21) 2.00 (0.50–3.23)
8 mg (n ¼ 5) 1.24 (0.227–2.19) 9.77 (0.110–20.7) 4.08 (0.50–4.12)
12 mg (n ¼ 2) 0.870–3.44 7.02–18.8 1.45–4.07

4 on/3 offb

6 mg (n ¼ 2) 0.371–0.787 4.88–6.75 2.08–6.02
8 mg (n ¼ 2) 1.16–2.49 7.69–12.0 2.83–3.00
10 mg (n ¼ 4) 1.05 (0.443–1.41) 8.21 (7.29–11.0) 2.30 (0.98–4.10)

MWFc

6 mg (n ¼ 3) 1.53 (0.647–1.79) 10.6 (1.96–10.6) 3.03 (0.98–3.05)
8 mg (n ¼ 2) 1.75–4.31 18.8–35.9 2.05–4.07
12 mg (n ¼ 16) 1.90 (0.693–6.57) 13.5 (7.23–27.0) 3.08 (1.55–6.00)
16 mg (n ¼ 6) 2.44 (1.41–3.35) 18.1 (10.8–56.1) 2.59 (1.43–7.97)

M-Thd

8 mg (n ¼ 3) 0.653 (0.478–2.44) 3.96 (2.53–14.0) 2.08 (1.02–4.00)
12 mg (n ¼ 3) 2.78 (2.26–4.54) 16.3 (14.1–18.0) 3.08 (1.03–3.25)
15 mg (n ¼ 5) 1.82 (0.514–7.07) 14.2 (3.49–39.0) 3.08 (2.17–5.92)
19 mg (n ¼ 2) 1.66–1.86 12.2–13.0 2.05–2.37

Note: Four treatment schedules were studied. The data summarize the pharmacokinetic parameters at steady state.
Abbreviation: QD, every day.
aContinuous treatment.
b4 days on/3 days off treatment.
cMWF treatment.
dM-Th treatment.
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regression of subcutaneous metastases with 94% reduction
in target lesions after one cycle of 12mg every day, following
which treatment was discontinued because of cardiac tox-
icity. The duration of response was sustained for 5 months.
Tumor shrinkage was also shown in 2 additional patients
with metastatic melanoma who were treated with 12 mg
and 8 mg (both as continuous treatment) with 21% and
13% decrease in size of target lesions, respectively (Fig. 2B
and C). Stable disease lasting 4 to 6 months was seen in 6
patients treated in continuous, 4 days on/3 days off, and
MWF treatment schedules with the following tumor types:
castrate-resistant prostate cancer, non–small cell lung can-
cer, nasopharyngeal carcinoma, melanoma, Bartholin’s
gland adenocarcinoma, and cholangiocarcinoma.

Recommendation of phase II dose
The dose of 12 mg given 3 times a week (MWF) was

chosen as the recommended phase II dose. The factors
that were taken into consideration were toxicity, pharma-
cokinetic, and pharmacodynamic profiles. There were no
events of ventricular tachycardia reported on 12 mg MWF
schedule, and although there were no DLTs in 6 patients

treated at 16 mg MWF, increased ventricular extrasystoles
were present in 2 of 6 (33%) patients at that dose. An
intermediate dose of 14mgMWFwas not explored as it was
felt that the there would be significant overlap in the drug
concentrations between that dose anddoses of 14mg (MTF)
and 15 mg (MT) where 1 of 6 (18%) patients expressed
ventricular extrasystoles. In addition, pharmacokinetic par-
ameters at the dose level of 12 mg suggested drug concen-
trations consistent with response in preclinical models.
Pharmacodynamic studies suggested target modulation at
doses of 8 mg or above. An expansion cohort at the 12 mg
MWF dose confirmed the safety profile of quisinostat.

Discussion
Quisinostat is a pan-HDACi with potent activity against

both class I and II HDACs at nanomolar concentrations
(30–100 nmol/L), inducing acetylation of histones H3 and
H4 (class I/II HDAC inhibition) and tubulin (HDAC6
inhibition). Quisinostat also induces the expression of
p21 andE-cadherin (genes silenced byHDACi) and inhibits
activity of HSP90 in tumor cells (7). Preclinical studies
of quisinostat have shown prolonged and sustained
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Figure 1. Pharmacodynamic
studies. A, acetylation of histone
H3 (AcH3) in PBMCs. The highest
percentage change from baseline
on the 3 intermittent schedules 4
days/3 days off, M-T and MWF
across a rangeof doses. B, studyof
acetylation in hair follicles. The first
2 panels show representative
pictures of immunofluorescent
microscopy, �25 magnification
before and after treatment. The
blue color represents nuclear TO-
PRO-3 staining and the green color
represents nuclear colocalization
of AcH3. The panel on the right
shows quantification of fold
changeofAcH3 in hair follicles after
treatment compared with the
baseline across dose levels. The
representative plot below shows a
linear regression analysis between
fold change of histone H3
acetylation in hair follicles and dose
of quisinostat, Goodness of fit r2 ¼
0.32, Pearson r ¼ 0.57, P ¼ 0.001
and Spearman r ¼ 0.54, P ¼
0.0025. C, representative images
of Ki67 staining in a patient treated
with quisinostat showing reduction
of number of nuclei staining for
Ki67. The panel on the right shows
reduction in the percentage of
staining in Ki67 in 3 pre- and
posttreatment biopsies on study.
The representative plot below
shows percentage change from
baseline of Ki67-labeled nuclei in
tumor biopsy samples showing a
decrease in proliferation index after
treatment.
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acetylation of H3 in tumor tissue and activity in multiple
xenograft models (7). This study shows that quisinostat can
be safely administered orally in humans with a tolerable
side effect profile and evidence of target modulation. The
MTD of quisinostat was found to be 8 mg with continuous
treatment. Higher doses were tolerated with intermittent
treatment schedules; MTD values for intermittent treat-
ments ranged between 10 to 15 mg. The recommended
phase II dose of quisinostat is 12 mg MWF.

Overall, the safety profile of quisinostat in the present
study was similar to other HDACi, which are in clinical
development or approved for the treatment of patients with
cancer. Previously reported HDACi toxicities include:
fatigue, asthenia, nausea, vomiting, diarrhea, cardiac toxi-
cities, and hematologic toxicity (predominantly thrombo-
cytopenia; 4). Cardiac toxicities, in particular, conduction

abnormalities and rhythm disturbances ranging from non-
specific T-wave and ST segment changes to ventricular
tachycardia have been well documented with a number of
otherHDACi (4, 15–17). Aphase II study of depsipeptide in
patients with neuroendocrine tumors was terminated
because of sudden death related to ventricular arrhythmia
(18). In a previous study with romidepsin, 2 patients
experienced drug-related asymptomatic ventricular tachy-
cardia (19). The phase II study of romidepsin in patients
with CTCL revealed ST segment changes and T-wave flat-
tening in nearly two-thirds of patients and ventricular/
supraventricular tachycardia in 34%of patients but without
any deaths (20). Atrial fibrillation and prolonged QTc
interval have also been associated with belinostat (16), and
QT prolongation is a class effect of HDACi (21). In this
study, extensive cardiac monitoring was incorporated and

A

B

C

Figure 2. Representative CT scan
images indicating the clinical
benefit in patients. A, a patient with
metastatic melanoma treated with
12mg every day on the continuous
schedule. The scans show
reduction in the splenic metastasis
amounting to a partial response
that was maintained over 5
months. B, a further patient with
metastatic melanoma treated at 12
mg every day on the continuous
schedulewhowasdose reduced to
8 mg every day following toxicity.
Reduction in the size of bulky
retroperitoneal nodes did not
amount to a partial response. The
patient remained on treatment for 5
months. C, a patient with uveal
melanoma started at 8 mg every
day, subsequently dose reduced to
4mg, showednecrosis in the tumor
without a partial response. The
patient remained on treatment for
over 10 months.
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cardiologist’s advice was sought wherever appropriate.
There were no treatment-related deaths. Dose-limiting
NSVT, which resolved after treatment discontinuation, was
noted in 3 patients on 8 and 12 mg continuous treatment
and on 10 mg 4 days on/3 days off treatment. The latter
observations have led to the elimination of the continuous
and 4 days on/3 days off schedules from further develop-
ment. One patient out of 26 experienced grade 3 QTcF
prolongation at 12 mg MWF. Safety and tolerability were
improved with intermittent treatment compared with con-
tinuous treatment, which is similar to other HDACi. No
cases of ventricular tachycardia were observed at the R2PD
of 12 mg MWF. Unlike other HDACi, grade 3 or 4 hema-
tologic toxicities were absent, and thrombocytopenia grade
1/2 was noted in only 5% of patients and none in the MWF
schedule.
Quisinostat displays linear pharmacokinetics for AUC

andCmax across all treatment scheduleswith single aswell as
multiple dosing. Overall, the pharmacokinetic profile of
continuous and intermittent treatment administration was
comparable, however, it should be noted that plasma
exposure was higher in the MWF treatment schedule. Of
note, the estimatedmedian effective half-life of 8.8 hours in
patients receiving the recommended dose, 12 mg on MWF
treatment schedule is significantly longer compared with
other approved HDACi; the plasma half-life of vorinostat is
91 to 127 minutes (17) andmean half-life of romidepsin is
0.42 hours (6). Thus, the pharmacokinetic profile of qui-
sinostat ismore likely to result in sustained drug exposure, a
finding that is consistent with preclinical data. Quisinostat
is rapidly absorbed upon oral administration and food
intake does not seem to affect the pharmacokinetics,
thus improving convenience for patients and treatment
compliance.
Quisinostat displays evidence of interaction with its

biologic targets by increasing the acetylation of histones
both in tumor and surrogate tissues and also reduces the
proliferation index of tumors. Acetylation of histones H3/
H4 in surrogate and tumor tissue is widely accepted as a
pharmacodynamic biomarker for HDAC inhibition (4).
With quisinostat treatment, increased acetylation was
noted in most surrogate tissue regardless of the dosing
schedule. Similarly, the proliferation index, assayed
by Ki67 staining was reduced in patients treated with
quisinostat whose tumors and surrogate tissues were
evaluable.
Treatment with quisinostat resulted in disease control

(partial response or stable disease) in 9 (9.8%) patients who
were heavily pretreated. Continuous daily dosing was asso-
ciated with antitumor activity (Fig. 2) as evidenced in
patients withmelanoma but was associated with significant
toxicity. Therefore, in addition to the continuous treatment
schedule, alternative schedules of administration were eval-
uated in this phase I study.
On the basis of safety, efficacy, pharmacokinetic, and

pharmacodynamic results, the recommended dose of qui-
sinostat for phase II trials is 12 mg on the MWF treatment
schedule.

Preclinical studies of quisinostat have shown activity in
variety of cell line models including lung, breast, ovarian,
and prostate cancer (7) in addition to haematologic malig-
nancies such as myeloma (22). However, the only previous
indication where HDACi have been licensed is CTCL, and a
study of quisinostat for the treatment of CTCL revealed
significant anticancer activity (23).

Conclusion
Quisinostat was well tolerated and showed promising

antitumor activity in patients with advanced solid tumors,
in particularmelanoma. The favorable pharmacokinetic and
pharmacodynamicproperties andacceptable safetyprofile of
quisinostat observed in this study warrants further develop-
ment of quisinostat as a monotherapy or in combination
with other anticancer agents with synergistic activity and
nonoverlapping toxicity. The 12 mg dose given 3 times
weekly (MWF) is recommended for phase II development.

Disclosure of Potential Conflicts of Interest
R. Baird has received reimbursement from JNJ Pharmaceuticals for travel

expenses to present trial results at ASCO.N. Fourneau is employed (other than
primary affiliation; e.g., consulting) as an associate director in JNJ. P. Helle-
mans is employed(other thanprimaryaffiliation; e.g., consulting) as adirector
clinical research in Johnson & Johnson. Y. Elsayed is employed (other than
primary affiliation; e.g., consulting) as vice president, hememalignancies, and
has ownership interest (including patents) in Johnson and Johnson. J. Camm
has a commercial research grant for reviewing cardiovascular events and is a
consultant/advisory board member providing advice about cardiovascular
adverse events. T.R.J. Evans has other commercial research support from
Johnson & Johnson and is a consultant/advisory board member of Karus
Therapeutics. U. Banerji has a commercial research grant from Johnson &
Johnson Pharmaceutical R&D and The Institute of Cancer Research. No
potential conflicts of interest were disclosed by the other authors.

Authors' Contributions
Conception and design: R. Kristeleit, N. Fourneau, P. Hellemans,
Y. Elsayed, J.W. Smit, C. Phelps, T.R.J. Evans, J.S. de Bono, U. Banerji
Development of methodology: R. Baird, R. Kristeleit, N. Fourneau,
P. Hellemans, Y. Elsayed, C. Phelps, J. Camm, J.S. de Bono
Acquisitionofdata (provided animals, acquired andmanagedpatients,
provided facilities, etc.): B. Venugopal, R. Baird, R. Kristeleit, R. Plummer,
R. Cowan, A. Stewart, Y. Elsayed, A. Forslund, T.R.J. Evans, J.S. de Bono,
U. Banerji
Analysis and interpretation of data (e.g., statistical analysis, biosta-
tistics, computational analysis): B. Venugopal, R. Baird, R. Kristeleit,
R. Plummer, A. Stewart, N. Fourneau, P. Hellemans, Y. Elsayed, S. McClue,
J.W. Smit, A. Forslund, C. Phelps, J. Camm, T.R.J. Evans, J.S. de Bono,
U. Banerji
Writing, review, and/or revision of the manuscript: B. Venugopal,
R. Baird, R. Kristeleit, R. Plummer, N. Fourneau, P. Hellemans, Y. Elsayed,
S. McClue, J.W. Smit, A. Forslund, C. Phelps, J. Camm, T.R.J. Evans, J.S. de
Bono, U. Banerji
Administrative, technical, or material support (i.e., reporting or orga-
nizing data, constructing databases): B. Venugopal, N. Fourneau,
Y. Elsayed, S. McClue
Study supervision: B. Venugopal, R. Baird, R. Kristeleit, R. Plummer,
N. Fourneau, P. Hellemans, Y. Elsayed, T.R.J. Evans, J.S. de Bono

Acknowledgments
The authors thank the study participants without whom this study would

not have been accomplished.Willem Ligtenberg (Open Analytics for Janssen
Research &Development, LLC) provided valuable preparation of biomarker
data. Dr. Sarika Shirke (SIROClinpharmPvt Ltd) providedwriting assistance
and Dr Namit Ghildyal (Janssen Research & Development, LLC) provided
additional editorial support for this article.

Grant Support
This work was funded by Janssen Research & Development, LLC (previ-

ously known as Johnson & Johnson Pharmaceutical Research & Develop-
ment, LLC). The sponsor also provided a formal review of this manuscript.

A Phase I Study of Quisinostat (JNJ-26481585), an HDAC Inhibitor

www.aacrjournals.org Clin Cancer Res; 19(15) August 1, 2013 4271

on May 1, 2020. © 2013 American Association for Cancer Research. clincancerres.aacrjournals.org Downloaded from 

Published OnlineFirst June 5, 2013; DOI: 10.1158/1078-0432.CCR-13-0312 

http://clincancerres.aacrjournals.org/


This work has also been supported by infrastructural grants including NIHR
grants to The Institute of Cancer Research/The Royal Marsden NHS Foun-
dation Trust and to University College London. In addition, all UK centers
thank Experimental Cancer Medicine Centre grants (funded by Cancer
Research UK and the Department of Health or the Chief Scientist Office,
Scotland). Other infrastructural grant support thanked by investigators
includes Cancer Research UK grants (C309/A8274/A309/A11566; C51/
A6883).

The costs of publication of this article were defrayed in part by the
payment of page charges. This article must therefore be hereby marked
advertisement in accordance with 18 U.S.C. Section 1734 solely to indicate
this fact.

Received February 1, 2013; revised April 29, 2013; acceptedMay 21, 2013;
published OnlineFirst June 5, 2013.

References
1. Jones PA, Baylin SB. The epigenomics of cancer. Cell 2007;128:

683–92.
2. Weichert W. HDAC expression and clinical prognosis in human malig-

nancies. Cancer Lett 2009;280:168–76.
3. Bolden JE, Peart MJ, Johnstone RW. Anticancer activities of histone

deacetylase inhibitors. Nat Rev Drug Discov 2006;5:769–84.
4. Venugopal B, Evans TR. Developing histone deacetylase inhibitors as

anti-cancer therapeutics. Curr Med Chem 2011;18:1658–71.
5. Mann BS, Johnson JR, CohenMH, Justice R, Pazdur R. FDA approval

summary: vorinostat for treatment of advanced primary cutaneous T-
cell lymphoma. Oncologist 2007;12:1247–52.

6. Grant C, Rahman F, Piekarz R, Peer C, Frye R, Robey RW, et al.
Romidepsin: a new therapy for cutaneous T-cell lymphoma and a
potential therapy for solid tumors. Expert Rev Anticancer Ther
2010;10:997–1008.

7. Arts J, King P, Marien A, Floren W, Belien A, Janssen L, et al. JNJ-
26481585, a novel "second-generation" oral histone deacetylase
inhibitor, shows broad-spectrum preclinical antitumoral activity. Clin
Cancer Res 2009;15:6841–51.

8. Deleu S, Lemaire M, Arts J, Menu E, Van Valckenborgh E, King P, et al.
The effects of JNJ-26481585, a novel hydroxamate-based histone
deacetylase inhibitor, on the development of multiple myeloma in the
5T2MM and 5T33MM murine models. Leukemia 2009;23:1894–903.

9. Bohets H, Van Uytsel K, De Meulder M, King P, Hickson I, Forslund A,
et al. Comparative tissue distribution of the HDAC inhibitor JNJ-
26481585. EJC Supplements 2010;8:189.

10. The Criteria Committee of the New York Heart Association. Nomen-
clature and Criteria for Diagnosis of Diseases of the Heart and Great
Vessels. 9th ed. Boston, MA: Little, Brown & Co; 1994, p253–256.

11. Korn E, Midthune D, Chen T, Rubinstein L, Christian M, Simon R. A
comparison of two phase I trial designs. Stat Med 1994;13:1799–806.

12. CTCAE. National Cancer Institute Common Terminology Criteria for
Adverse Events, version 3.0. [published Aug 09, 2006; cited Sept 17,
2010] Available from: http://ctep.cancer.gov/protocolDevelopment/
electronic_applications/docs/ctcaev3.pdf

13. Therasse P, Arbuck SG, Eisenhauer EA, Wanders J, Kaplan RS,
Rubinstein L, et al. New guidelines to evaluate the response to
treatment in solid tumors. European Organization for Research and
Treatment of Cancer, National Cancer Institute of the United States,

National Cancer Institute of Canada. J Natl Cancer Inst 2000;92:
205–16.

14. Cheson BD, Horning SJ, Coiffier B, Shipp MA, Fisher RI, Connors JM,
et al. Report of an international workshop to standardize response
criteria for non-Hodgkin's lymphomas. NCI Sponsored International
Working Group. J Clin Oncol 1999;17:1244.

15. Sandor V, Bakke S, RobeyRW, KangMH, BlagosklonnyMV, Bender J,
et al. Phase I trial of the histone deacetylase inhibitor, depsipeptide
(FR901228, NSC 630176), in patients with refractory neoplasms. Clin
Cancer Res 2002;8:718–28.

16. Steele NL, Plumb JA, Vidal L, Tjornelund J, Knoblauch P, Rasmussen
A, et al. A phase1pharmacokinetic andpharmacodynamic studyof the
histone deacetylase inhibitor belinostat in patientswith advanced solid
tumors. Clin Cancer Res 2008;14:804–10.

17. KellyWK, O'Connor OA, Krug LM, Chiao JH, HeaneyM, Curley T, et al.
Phase I study of an oral histone deacetylase inhibitor, suberoylanilide
hydroxamic acid, in patients with advanced cancer. J Clin Oncol
2005;23:3923–31.

18. Stadler WM, Margolin K, Ferber S, McCulloch W, Thompson JA. A
phase II study of depsipeptide in refractory metastatic renal cell
cancer. Clin Genitourin Cancer 2006;5:57–60.

19. Shah MH, Binkley P, Chan K, Xiao J, Arbogast D, Collamore M, et al.
Cardiotoxicity of histone deacetylase inhibitor depsipeptide in patients
with metastatic neuroendocrine tumors. Clin Cancer Res 2006;12:
3997–4003.

20. Piekarz RL, Frye R, Prince HM, KirschbaumMH, Zain J, Allen SL, et al.
Phase 2 trial of romidepsin in patientswith peripheral T-cell lymphoma.
Blood 2011;117:5827–34.

21. Strevel EL, Ing DJ, Siu LL. Molecularly targeted oncology therapeutics
and prolongation of the QT interval. J Clin Oncol 2007;25:3362–71.

22. Stuhmer T, Arts J, Chatterjee M, Borawski J, Wolff A, King P, et al.
Preclinical anti-myeloma activity of the novel HDAC inhibitor- JNJ-
26481585. Br J Haematol 2010;149:529–36.

23. Child F, Romero PO, Alvarez R, Bagot M, Stadler R, Weichenthal M,
et al. Phase2multicenter trial of oralQuisinostat, a histone deacetylase
inhibitor, in patients with previously treated stage IB-IVA cutaneous T
cell lymphoma. [abstract]. In: Proceedings of the 54th ASH Annual
Meeting andExposition; 2012Dec 8–11; Atlanta,GA.Washington, DC:
ASH; 2012. Abstract nr 3676.

Venugopal et al.

Clin Cancer Res; 19(15) August 1, 2013 Clinical Cancer Research4272

on May 1, 2020. © 2013 American Association for Cancer Research. clincancerres.aacrjournals.org Downloaded from 

Published OnlineFirst June 5, 2013; DOI: 10.1158/1078-0432.CCR-13-0312 

http://clincancerres.aacrjournals.org/


2013;19:4262-4272. Published OnlineFirst June 5, 2013.Clin Cancer Res 
  
Balaji Venugopal, Richard Baird, Rebecca S. Kristeleit, et al. 
  
Tumors

SolidModulation and Antitumor Activity, in Patients with Advanced 
TargetHydroxamate Histone Deacetylase Inhibitor with Evidence of 

A Phase I Study of Quisinostat (JNJ-26481585), an Oral

  
Updated version

  
 10.1158/1078-0432.CCR-13-0312doi:

Access the most recent version of this article at:

  
Material

Supplementary

  
 http://clincancerres.aacrjournals.org/content/suppl/2013/06/05/1078-0432.CCR-13-0312.DC1

Access the most recent supplemental material at:

  
  

  
  

  
Cited articles

  
 http://clincancerres.aacrjournals.org/content/19/15/4262.full#ref-list-1

This article cites 20 articles, 9 of which you can access for free at:

  
Citing articles

  
 http://clincancerres.aacrjournals.org/content/19/15/4262.full#related-urls

This article has been cited by 7 HighWire-hosted articles. Access the articles at:

  
  

  
E-mail alerts  related to this article or journal.Sign up to receive free email-alerts

  
Subscriptions

Reprints and 

  
.pubs@aacr.org

To order reprints of this article or to subscribe to the journal, contact the AACR Publications Department at

  
Permissions

  
Rightslink site. 
Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)

.http://clincancerres.aacrjournals.org/content/19/15/4262
To request permission to re-use all or part of this article, use this link

on May 1, 2020. © 2013 American Association for Cancer Research. clincancerres.aacrjournals.org Downloaded from 

Published OnlineFirst June 5, 2013; DOI: 10.1158/1078-0432.CCR-13-0312 

http://clincancerres.aacrjournals.org/lookup/doi/10.1158/1078-0432.CCR-13-0312
http://clincancerres.aacrjournals.org/content/suppl/2013/06/05/1078-0432.CCR-13-0312.DC1
http://clincancerres.aacrjournals.org/content/19/15/4262.full#ref-list-1
http://clincancerres.aacrjournals.org/content/19/15/4262.full#related-urls
http://clincancerres.aacrjournals.org/cgi/alerts
mailto:pubs@aacr.org
http://clincancerres.aacrjournals.org/content/19/15/4262
http://clincancerres.aacrjournals.org/

