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Abstract

Purpose Chidamide (CS055/HBI-8000) is a new benzam-
ide class of histone deacetylase inhibitor with marked anti-
tumor activity. This study reports the phase I results.
Methods Patients with advanced solid tumors or lympho-
mas received oral doses of 5, 10, 17.5, 25, 32.5, or 50 mg
chidamide either twice (BIW) or three times (TIW) per
week for 4 consecutive weeks every 6 weeks. Safety, char-
acteristics of pharmacokinetics (PK) and pharmacodynam-
ics (PD), and preliminary efficacy were evaluated.

Results A total of 31 patients were enrolled. No DLTs
were identified in the BIW cohorts up to 50 mg. DLTs were
grade 3 diarrhea and vomiting in two patients in the TIW
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cohort at 50 mg, respectively. PK analysis revealed t;,, of
16.8-18.3 h, T, ,, of 1-2 h in most cases, and a dose-related
increase in C,,,, and AUC. Significant induction of histone
H3 acetylation in peripheral white blood cells was observed
after a single dose of chidamide. Four patients with T-cell
lymphomas and 1 patient with submandibular adenoid cys-
tic carcinoma achieved a partial response.

Conclusions Chidamide was generally well tolerated in
patients with advanced solid tumors or lymphomas in the
tested regimens. Favorable PK and PD profiles, as well as
encouraging preliminary anti-tumor activity, were demon-
strated.

Keywords Chidamide - HDAC inhibitor - Phase I -
Solid tumor - Lymphoma

Introduction

It is increasingly apparent that tumor development depends
not only on stable genetic alterations, but also on epigenetic
changes, which can influence gene expression patterns crit-
ical for neoplastic development and progression [1]. Epige-
netic changes contributing to malignancy can be produced
by decrease in histone acetylation, a process controlled by
the antagonistic actions of two large families of enzymes—
histone acetyltransferases (HATs) and histone deacetylases
(HDACs). HDACs appear to act as transcription repressors
via histone deacetylation—mediated chromatin condensa-
tion [2]. In humans, at least 18 HDACs have been identi-
fied, and they are classified into three classes based on their
homology to yeast proteins [3, 4]. Class I includes HDACI,
2, 3, and 8. HDAC4, 5, 6, 7, 9, and 10 belong to class II,
and HDACI1 is placed in class IV. Although the precise
biological role of individual HDACs is largely unknown,

@ Springer


http://dx.doi.org/10.1007/s00280-012-1847-5

1414

Cancer Chemother Pharmacol (2012) 69:1413-1422

class I HDACs are over-expressed in tumors [5, 6], and
accumulating data suggest that these HDAC:s are associated
with cell cycle progression, metastasis, and apoptosis, mak-
ing them promising targets for cancer therapy [1, 3, 4].

HDAC inhibitors (HDACi) have emerged as a novel
therapeutic class of molecules with significant anticancer
potential. HDACi represent a structurally diverse group of
molecules, including hydroxamic acid derivatives, benzam-
ides, cyclic peptides, and short-chain fatty acids [1, 3, 4].
Several oral or intravenous (IV) hydroxamic acids (SAHA/
vorinostat, PXD-101/belinostat, and LBH589/panobino-
stat), one IV cyclic peptide (FK-228/romidepsin), and one
oral benzamide (MGCDO0103) have exhibited significant
single-agent activity in clinical trials [7-10]. Vorinostat
(ZOLINZA) and romidepsin (ISTODAX) were approved in
the United States for the treatment of cutaneous T-cell lym-
phoma [11, 12], and recently romidepsin for peripheral
T-cell lymphoma [13].

Despite numerous studies, HDACi have not exhibited
significant single-agent clinical activity against solid
tumors [14—-16]. However, preliminary activity has been
observed with non-small cell lung cancer and breast carci-
noma in combination settings [17-19]. In addition to a
requirement for combination with other anti-tumor agents
[20], it is likely that optimal results in the solid tumor set-
tings will require improved pharmacokinetic properties to
enhance exposure and improved side effect profiles that
minimize overlapping toxicities. Thus, a current focus of
HDAC: cancer research and development is the search for
inhibitors with improved pharmaceutical and safety pro-
files, and the determination of optimal combination strate-
gies with other anti-tumor agents. In this regard, the ability
to produce and maintain target exposure continuously
without significant fatigue or myelosuppression may
provide a distinct advantage, particularly in combination
settings.

Chidamide (CS055/HBI-8000) is a new member of the
benzamide class of HDACi rationally designed to block the
catalytic pocket of class I HDACs and to exhibit enhanced
metabolic stability relative to existing hydroxamic acid and
benzamide class inhibitors [21, 22]. Enzyme inhibition pro-
filing studies have demonstrated that chidamide inhibits
class I HDACs 1, 2, 3, as well as class I HDAC 10, in the
low-nanomolar concentration range [23]. Preclinical stud-
ies have shown that chidamide is orally bioavailable with
broad-spectrum in vitro and in vivo anti-tumor activity
[23]. In the current report, we present the results of a phase
I study to evaluate tolerability and determine dose-limiting
toxicities (DLTs) of chidamide in patients with advanced
solid tumors or lymphomas. Other objectives included
determination of pharmacokinetic (PK) and pharmacody-
namic (PD) characteristics and evaluation of preliminary
efficacy in patients treated with chidamide.
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Patients and methods
Eligibility

Eligible patients must have had advanced solid tumors or
lymphomas confirmed by histology or cytology, refractory or
relapsed with respect to standard treatment, or for which no
standard treatment existed. Other inclusion criteria were as
follows: (1) age between 18 and 75; (2) ECOG performance
status 0-2; (3) body weight between 47 and 87 kg for men
and 35-75 kg for women; (4) life expectancy greater than
3 months; (5) had not been treated by chemotherapy, radio-
therapy, targeted therapy, or endocrine therapy during the last
4 weeks before entry; and (6) adequate hepatic, renal, and
hematologic functions: total bilirubin <1.5-fold upper limit
of normal (ULN), ALT/AST <2.5-fold ULN, creatine <1.5-
fold ULN, absolute neutrophil count >1.5 x 10°/L, platelets
>80 x 10°/L, and hemoglobin >90 g/L.

Pregnant or lactating women, men, and women with
reproductive potential without adequate contraception were
excluded. Other exclusion criteria were as follows: history
of Q-T prolongation, clinically significant VT, VF, heart
block, MI within 1 year, CHF, clinically significant coro-
nary artery disease, prolonged PT or PTT, or using antico-
agulants, active infection, major surgery during previous
6 weeks, mental disorders, organ transplant recipients, his-
tory of drug abuse or alcoholism, uncontrolled brain
metastasis with symptoms, or on another clinical trial of an
investigational agent.

The trial was approved by the Chinese State Food and
Drug Administration (2006104595 and 2006L.04596) and
the institutional review board of the participating medical
center. All patients provided written informed consent
before enrollment.

Study design

Chidamide tablets (containing 2.5 or 5 mg of drug substance
with the formulation using a solid dispersion of the drug
substance in polyvinylpyrrolidone K30) were administered
orally 30 min after the morning meal. The initial dosing
schedule was twice per week (BIW; Mondays/Thursdays or
Tuesdays/Fridays) for 4 consecutive weeks in a 6-week
cycle, with the starting dose of 5 mg, which was roughly
one-tenth the maximum tolerated dose (MTD) in rodent and
non-rodent species with the same treatment schedule. Indi-
vidual sequential cohorts received 5, 10, 17.5, 25, 32.5, or
50 mg according to a modified Fibonacci dose escalation
scheme. Patients were administered with fixed dose of
chidamide in each cohort, and the range of body weight was
defined in the inclusion criteria as indicated above. Due to
the lack of DLT observed at the highest level used (50 mg)
in the BIW schedule, the protocol was amended to change
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the dosing frequency from TIW to three times per week
(TIW; Mondays/Wednesdays/Fridays), and two dose levels
(32.5 and 50 mg) were evaluated with this schedule.

At least three patents were enrolled in each cohort. If a
patient in a particular cohort exposed to chidamide less than
50% of the total expected dose exposure in the first cycle
due to various reasons, but not DLTs, one more patent
should be enrolled in the same cohort. If one of the first
three patients at a dose level experienced DLT, up to three
additional patients (total up to six patients) were enrolled at
that dose level. If more than two patients at a dose level
experienced DLT, dose escalation was halted, and the dose
level was determined to have exceeded maximum tolerated
dose (MTD). Three additional patients were then entered on
the next lower dose level. MTD was defined as the highest
dose with an observed incidence of DLT in no more than
one of six patients. Single-dose PK and PD studies were
carried out in patients who received 25, 32.5, or 50 mg
chidamide, regardless of dosing schedule. Multi-dose PK
analysis was performed in patients who received 32.5 mg
in the TIW schedule. Patients with measurable baseline
disease were eligible for efficacy evaluation.

Safety and efficacy measures

Toxicity was graded by the National Cancer Institute Com-
mon Toxicity Criteria (NCI-CTC, version 2.0). DLT was
defined as first-cycle treatment-related adverse events
>grade 3 non-hematologic or >grade 4 hematologic toxic-
ity. Physical examination, ECG, and complete blood count
(CBC) were performed at study entry and every week after
dosing. At study entry and every 4 weeks during adminis-
tration, laboratory studies for liver function (AST, ALT,
total bilirubin, total protein, albumin), renal function (Cr,
uric acid), blood electrolytes (Na, K, CI), serum albumin
(Alb), coagulation parameters (PTT or APTT), and myo-
cardial enzyme (MBCK) were performed. Tumor response
was evaluated by the Response Evaluation Criteria in Solid
Tumors (RECIST) version 1.0. At study entry and every
6 weeks during administration, patients with measurable
tumor foci at baseline were evaluated.

Pharmacokinetic studies

Blood samples (3 mL) were collected in sodium heparin
tubes at 0, 0.5, 1, 2, 6, 12, 24, 48, and 72 h after the first dose.
For multi-dose PK studies, blood samples were also collected
at the same time points after the last dose of the first cycle.
Samples were immediately centrifuged at 3,000xg for
10 min at 4°C. Plasma was collected, aliquoted, and frozen at
<—40°C until the time of analysis. Samples were analyzed
for chidamide concentrations using a validated high-perfor-
mance liquid chromatography/mass spectrometry method.

The linear range of this method is 1-500 ng/mL, with a lower
limit of quantitation of 0.2 ng/mL. Estimates of pharmacoki-
netic parameters for chidamide were derived from individual
concentration—time data sets by non-compartmental analysis
using the software package DAS 2.0 (Data Access System,
Chinese Academy of Sciences, Beijing, China). The maxi-
mum concentration of drug in plasma (C,,,,) and the time to
reach C,,, (T, were determined directly from the
observed plasma concentration vs. time curves. The area
under the plasma concentration versus time curve (AUC,_,)
was calculated using the linear trapezoidal method from time
zero to the time of the final quantifiable concentration. The
AUC infinity (AUC,_,,) was estimated by the standard for-
mula (AUC,_,, = AUC,_, + C/Az). The corresponding half-
life (t,,,) was calculated as In2//z using the terminal portion
of the plasma concentration—time curve. The apparent oral
clearance (CL/F) was obtained as the ratio of oral dose/
AUC,_,,, and the apparent volume of distribution (Vd/F)
was estimated as CL/Az.

Pharmacodynamic studies

From patients administered with different doses of chidamide,
3 mL of blood was collected in a sodium heparin tube at the
time points of 0, 6, 24, 48, and 72 h. After centrifugation, the
plasma was kept for the use of PK analysis, and the blood
cells were resuspended in 7.6 mL of PBS containing 8.5%
DMSO, 100 U/mL heparin sodium, and 1x protease inhibitor
cocktail (Roche Molecular Biochemicals, Indianapolis, IN,
USA) and stored at —20°C until use. Histone proteins from
peripheral white blood cells (WBCs) were extracted and
quantified, and the acetylation status of histone H3 was deter-
mined by a validated enzyme-linked immunosorbent assay
(ELISA) method. The methods and procedures for the PD
analysis are described in the supplementary Online Resource.

Statistical analysis

Quantitative indices included mean standard deviation,
median, minimum value, and maximum value. Categorical
parameters were described in terms of counts and percent-
ages. Descriptive statistics were performed upon comple-
tion of the trial. Demographic data were included in this
study with a statistical summary describing the number of
patients in each cohort and the total number of patients.

Results
Patient demographics and treatment regimens

Thirty-one patients with advanced solid tumors or lympho-
mas were enrolled, and their baseline characteristics are
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Table 1 Patient baseline characteristics

Characteristics Patients
No. %
No. of patients 31
Median age (years) 48
Range 18-79
Sex
Male 20 65
Female 11 35
ECOG performance status
0 14 45
1 14 45
2 3 10
Primary tumor type
Lymphoma 9 30
T-cell type 6 20
B-cell type 3 10
Colorectal 4 13
Sarcoma 3 10
Salivary gland 3 10
Lung 2 6
Gastric 2 6
Breast 2 6
Ovarian 1 3
Endometrial 1 3
Esophageal 1 3
Renal 1 3
Thymic 1 3
Germ cell 1 3
Prior treatment (n = 31)
Chemotherapy 29 94
Surgery 18 58
Radiation therapy 14 45
Stem cell transplant 3 10
No. of prior chemotherapy regimens
0 2 6
3 10
2 4 13
3 7 23
4 5 16
5 8 26
6 2 6

ECOG Eastern Cooperative Oncology Group

presented in Table 1. Patients received chidamide orally in
fixed doses for four consecutive weeks, followed by a two-
week drug-free holiday. A complete treatment cycle was
6 weeks. Six dose levels ranging from 5 to 50 mg in a
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twice-per-week (BIW) schedule and two dose levels (32.5
and 50 mg) in a three-times-per-week (TIW) schedule were
evaluated, respectively.

Dose-limiting toxicity

Two incidences of first-cycle dose-limiting toxicity (DLT)
were observed in the first two patients enrolled in the 50 mg
TIW cohort. A 56-year-old patient with ovarian cancer had
grade 3 diarrhea on the second day after the 9th dose. The
patient withdrew from the trial, and the symptom resolved
within 2 days after anti-diarrheal treatment and fluid infu-
sion. The other DLT was observed in a 60-year-old patient
with lung cancer, who experienced grade 3 nausea and
vomiting on the day of the 4th dose. The patient withdrew
from the trial, and the symptoms resolved within 2 days
after discontinuation of chidamide administration. Thus, GI
side effects were determined to be DLTs in the 50 mg TIW
cohort. No DLTs were observed in other cohorts for both
BIW and TIW regimens.

Safety and tolerance

A total of seventy-five adverse events (AEs) that were at
least possibly related to chidamide were reported in all 31
patients in the first treatment cycle. As shown in Table 2,
treatment-related AEs were mostly grade 1 (72%), with
17% grade 2 and 11% grade 3. The most common AEs
were fatigue (11 patients [35%]), thrombocytopenia (8
patients [26%]), anorexia (8 patients [26%]), leucopenia or
neutropenia (7 patients [23%]), reduced hemoglobin (6
patients [19%]), nausea (5 patients [16%]), and diarrhea (5
patients [16%]) (Table 2). There were no grade 4 AEs in
the trial, and fatigue was limited to grade 1. In general, the
number and severity of AEs increased with exposure, par-
ticularly with respect to myelosuppression and GI events.
Symptomatic pericarditis or pericardial effusion was not
observed. In addition, first-cycle ECG examinations did not
reveal any clinically significant changes from the baseline
or NCI-CTC QTec prolongation.

In the TIW dosing schedule, two out of two patients
developed grade 3 non-hematologic AEs (DLTs) in the
50 mg cohort, and four out of seven patients experienced
grade 3 hematologic AEs at the 32.5-mg dose level. There-
fore, 32.5 mg was determined to be the MTD for the TIW
dosing schedule. No further dose escalation higher than
50 mg was performed in the BIW schedule, but based on a
higher frequency of grade 3 hematologic AEs observed at
the 50-mg dose level (Table 2), it was estimated that this
dose level might be close to MTD for the BIW dosing
schedule.
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Table 2 First-cycle adverse events probably or possibly related to chidamide at all dose levels and schedules
Adverse event SmgBIW 10mgBIW 17.5mgBIW 25mgBIW 325 mgBIW 50mgBIW 325mgTIW 50mg TIW Total %
(n=3) (n=3) (n=4) (n=4) (n=4) (n=4) (n=17) (n=2) Pts
NCI-CTC Grade
1 2 3 1 2 3 1 2 3 1 2 3 1r 2 3 1 2 3 1 2 3 1 2 3
Hematologic
Leucopenia 1 0 0 0 0 0 O 1 o o o0 o o o o o 1 1 1 o 2 0 0 0 7 23
or neutropenia
Thrombocytopenia 0 1 0 0 0 1 1 1 0 26
Reduced 1 6 19
hemoglobin
Gastrointestinal
Anorexia o o0 o0 o o0 o0 o0 o0 o0 1 0 o0 4 0 o0 1 0 01 0 O 1 0O 8 26
Nausea oo o0o0 o0 o0 o0 0 o0 o000 3 0 0 1 0 0 0 0o o0 1 0 O 5 16
Vomiting o o0 o0 o0 o0 o0 o0 0 o0 o0o0o0 o0 o0 o0 OO0 o0 0 1 0 0 01 2 6
Diarrhea o o0 o0 o0 o0 o0 o0 0 o0 o0 o002 o0 0 1 0 o0 0 0 o0 o0 1 1 5 16
Abdominalpain 0 0 0 0 0 0 O O 0o O O O 1 O O O O O O o0 O 0 0 O 1
Flatulence o o0 o0o0 o0 o0 o0 0 o0 1 001 0 O OO O0O O o o0 o0 0 O 2 6
Dry mouth 1 o o0 o0 o0 o0 o0 o0 o0 o o0 o0 o0 o0 0 o o0 o o o o o0 o0 o 1
Respiratory
Cough oo o0o0 o0 o0 o0 0 o0 o000 1 0 0O 00 o0 o0 o o0 o0 o0 o0
Hemoptysis 2
Common cold o 0 o0 o o0 o O o0 o0 1 0
Cardiovascular
Palpitation o o0 o0 o o0 o o0 o o0 O 1
Chest heaviness 0o 0 0 0 0 0 0 0 O 1 0 1
Chest pain o0 0 0 0 0o O 0 o0 o0 1 3
Neurological
Insomnia 0o 0 0 0 0 0 0 0 O 1 1
Headache o 0 0 0o 0 0 1 0O 0 O 1
Dizziness o0 o0 1 0 0 1 0 o0 1 1 13
Urinary
Increased oo o0 o0 o0 o0 o0 0 o0 o0o0o0 1 0 O0O 0 0 o0 o0 o o0 o0 o0 o0 1 3
urobilinogen
Hematuria o o0 o001 o0 o o0 0 o o o0 o0 o0 o0 0 o o0 o0 o0 o o o o0 o 1 3
General
Fatigue o0 0 o0 o0 o0 2 0 o0 1 3 11 35
Fever o 0 0 0 0 0o O 0 o0 O 1
Pain in o0 0 0 0 0o 0 O o0 1 0 1
subcutaneous
nodules

Anti-tumor activity

Out of the 25 evaluable patients, there were 5 patients with
PR, 11 patients with SD, and 9 patients with PD. Four of
the 5 patients with PRs were T-cell non-Hodgkin’s lym-
phoma (T-NHL) patients assigned to the 5, 32.5, and 50 mg
BIW cohorts and the 32.5 TIW cohort. The other PR patient
was enrolled with adenoid cystic carcinoma of the subman-
dibular gland and was treated in the 32.5 mg BIW cohort
(Table 3).

The 4 NHL patients with PRs represented 80% of the
T-NHL patients included in the study. One patient
(P1, Table 3) presented with stage IVa cutaneous T-cell
lymphoma (CTCL), which had progressed rapidly after
multiple chemotherapy treatments, total skin radiotherapy,
and high-dose chemotherapy combined with stem cell
transplantation. When enrolled in the study, the patient had
large areas of damaged skin with measurable disease of
64 mm (sum LD). After completing one treatment cycle of
5 mg chidamide BIW, measurable lesions were eliminated
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Table 3 Summary of anti-tumor activity (patients with PRs)

Patient Tumor Cohort No. of Sum LD (mm) Duration of
cycles response (Day)
Baseline End of first
cycle

P1 Cutaneous T-cell lymphoma 5 mg BIW 5% 64.0 0.0 133

P16 Subcutaneous panniculitis-like T-cell lymphoma 32.5 mg BIW 4 19.0 5.7 126

P17 Adenoid cystic carcinoma—submandibular gland 32.5 mg BIW 1 28.0 18.0 Unconfirmed®
P21 Peripheral T-cell lymphoma 50 mg BIW 2 82.6 30.0 >41

P29 Anaplastic large-cell lymphoma 32.5 mg TIW 172 30.0 15.0 Unconfirmed®

Sum LD sum of the longitudinal diameter of target lesions

4 P1 was administered 10 and 17.5 mg, BIW for additional 4 cycles (2 cycles, respectively) after the completion of the first cycle

b Patients were not available for further evaluation

and non-reference lesions were also significantly reduced.
Upon exhibiting a PR at the end of the first cycle of treat-
ment, P1 was subsequently administered 10 mg chidamide
for two cycles followed by 17.5 mg for two cycles, with a
total response duration of 133 days. A patient with subcuta-
neous panniculitis-like T-cell lymphoma in the 32.5 mg
BIW cohort (P16, Table 3) exhibited a response lasting
126 days (four cycles of treatment).

Stable disease was observed in patients with B-cell NHL,
adenoid cystic carcinoma of the submandibular gland, leiomy-
osarcoma of the retroperitoneum, alveolar soft part sarcoma,
breast carcinoma, endometrial adenocarcinoma, thymic carci-
noma, rectal adenocarcinoma, renal cell carcinoma, and lung
adenocarcinoma. Six of the 11 patients with stable disease
received more than two cycles of chidamide treatment, with
disease stabilization lasting from 119 to 252 days.

Pharmacokinetic analysis

Single-dose PK studies were performed in patients who
received 25, 32.5, and 50 mg chidamide, regardless of
dosing schedule. The mean plasma drug concentrations at
different time points after first dose and the individual
values of T, and C,,, are plotted in Fig. la—c, respec-
tively. Peak plasma concentrations for the majority of
patients (13 out of 21, 62%) were observed within 0.5-2 h
of drug administration and all, except one, within 12 h.
Plasma drug concentrations generally returned to close to
baseline level within 48 h, but remained quantifiable at 72 h
after a single dose. Systemic exposures (C,,,, and AUC)
were generally dose dependent across the 25-50-mg dose
range. However, substantial interpatient variability in those
parameters, as well as CL/F and Vd/F, was apparent,
implying varied systemic exposure to chidamide during
drug treatment. The elimination half-life (t,,) was similar
among the different dose groups, with mean values ranging
from 16.8 to 18.3 h. Single-dose PK parameters of chida-
mide are summarized in Table 4.
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Preliminary multi-dose PK analysis was conducted in
patients in the 32.5 mg TIW cohort. Three out of seven
patients received all 12 doses, and their individual PK
parameters from the first and last dose are shown in
Table 4. The overall systemic exposures expressed as AUC
appeared to be greater after administration of the last dose
of chidamide. The C,,, was greater after the 12th dose in
two of three patients. Meanwhile, decreased CL/F and V /F
values after the 12th dose were shown in all the three
patients. The data suggest that increased systemic exposure
may occur after multiple dose administration of chidamide
on a three-times-per-week dosing schedule.

Pharmacodynamic analysis

PD analysis was carried out by examining histone H3 acet-
ylation in peripheral WBCs from 19 patients who received
a single dose of 25 mg (3 patients), 32.5 mg (10 patients),
or 50 mg chidamide (6 patients), regardless of dosing
schedule. The first dose of 25, 32.5, and 50 mg chidamide
induced a 1.3- to 5-fold increase in histone H3 acetylation
in peripheral WBCs from 13 out of 18 patients with detect-
able H3 acetylation at baseline (induction could not be
assessed in one patient, due to undetectable histone acetyla-
tion at baseline). In general, peak induction of H3 acetyla-
tion was observed between 24 and 48 h after treatment,
with increased acetylation persisting for up to >72 h after a
single dose of chidamide (Fig. 2). Although there was a
trend in dose and response of the largest induction and lon-
gest duration, substantial variability was apparent, which
might be related to varied systemic exposure to the drug
and a limited number of patients analyzed.

Discussion

The most common DLTSs associated with all chemical clas-
ses of HDACi are anorexia, diarrhea, fatigue, nausea,
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Table 4 Summary of pharmacokinetic parameters of chidamide for single dose

Parameter 25mg(n=4) 325mg(n=11) 50 mg (n =6)

Single dose
T hax (1) 10.0 £ 10.5 35445 4.0+43
Cphax (ng/mL) 39.7+ 124 122.0 £ 126.1 162.7 £ 155.7
AUCy_y (ng h/mL) 809 + 390 828 + 509 1,120 £ 438
AUCy_o (ng h/mL) 867 £ 398 875 £ 512 1,180 + 461
MRT,_,, (h) 173 +£43 17.0 £5.0 16.8 £3.5
ty, (h) 16.8 £4.9 175 +£42 183 +£4.2
CL/F (L/h) 35+ 18 59 £ 46 50 +£24
Vd/F(L) 790 £ 321 1,517 £+ 1241 1,285 £ 580

Parameter P25 P26 P31 Mean

Ist 12th Ist 12th Ist 12th Ist 12th

Multiple dose
T nax (1) 12.0 12.0 6.0 2.0 1.0 6.0 63+£55 6.7£5.0
Cpax (ng/mL) 9.5 252 6.8 108.6 261.5 64.6 92.6 £ 146.3 66.1 £41.7
AUCy_y, (ng h/mL) 311 757 186 1,463 1,182 1,673 560 + 543 1,297 + 480
AUCy_y (ng h/mL) 339 974 202 1,606 1,243 1,789 594 + 566 1,456 £ 428
MRT,_,, (h) 249 24.5 232 17.5 17.6 18.8 219+£38 20.3 £3.7
ty, (h) 18.8 32.6 19.2 22.8 18.1 17.0 18.7 £ 0.6 24.1+7.8
CL/F (L/h) 96 33 161 20 26 18 94 £+ 67 24 £8
Vd/F(L) 2,599 1,569 4470 665 682 447 2,584 £+ 1894 893 £ 595

thrombocytopenia, and vomiting. Additional grade 3/4
adverse events have included anemia, asthenia, atrial fibril-
lation, dehydration, electrocardiogram (ECG) changes
including QTc prolongation, electrolyte disturbances, fever,
hyperbilirubinemia, hyperglycemia, hypoalbuminemia,
hypocalcemia, hyponatremia, hypophosphatemia, hypoten-
sion, neutropenia, pulmonary embolism, pyrexia, and trans-
aminase elevation [24, 25].

This phase 1 study demonstrated that chidamide was
generally well tolerated in patients with advanced solid
tumors or lymphomas when administered orally on twice-
per-week (BIW) and three-times-per-week (TIW) sched-
ules for 4 consecutive weeks in a 6-week cycle. Grade 3
diarrhea and grade 3 vomiting were reported as DLTs in the
50 mg TIW cohort, which resolved within 2 days after dis-
continuation of the drug. There were no grade 4 AEs in this
trial, and myelosuppression was limited to <grade 2 at
weekly chidamide exposures up to 65 mg and <grade 3 at
weekly exposures up to 150 mg.

Favorable PK properties of chidamide have been demon-
strated in this patient population. In general, chidamide was
rapidly absorbed after oral administration and exhibited an
elimination half-life in plasma of 17-18 h. Elimination
half-lives reported for other HDACi generally range from 2
to 9 h [24, 25], with an extreme exception of MS-275 (enti-
nostat) for about 50-150 h [26, 27]. A reasonable longer

half-life may represent an advantage for chidamide, as pre-
clinical studies have demonstrated that induction of apopto-
sis in tumor cells requires continuous exposure to HDACi
for at least 16 h [28]. Systemic exposures were generally
dose dependent across the 25- to 50-mg dose range. In three
patients administered 12 consecutive doses of 32.5 mg of
chidamide TIW, there was an increase in systemic exposure
following the last dose, most likely due to changes in elimi-
nation and/or metabolism. However, significant variability
precludes a definitive conclusion, and a greater number of
patients would be needed to confirm the apparent changes
in CL/F and V4F with repeated-dose administration of
chidamide.

Analysis of histone acetylation showed that an induction
of histone H3 acetylation in peripheral WBCs was detected
within 6 h after dosing, with a peak at 24-48 h. The dura-
tion of enhanced histone acetylation lasted 24—72 h, despite
the finding that drug plasma concentrations generally
peaked within the first 12 h and returned to close to base-
line level within 48 h after dosing. It is possible that pro-
longed enhanced histone H3 acetylation may be explained
by a slow-on/slow-off or tight binding mechanism of inhibi-
tion, as demonstrated for other benzamide-based inhibitors
[29, 30].

Previous clinical studies have demonstrated that HDACi
produce significant single-agent anti-tumor activity in
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lymphomas, particularly cutaneous T-cell lymphomas [31, 32].
Consistent with this known class feature, chidamide
produced 4 PRs out of 5 patients enrolled with T-cell
lymphoma. Furthermore, one patient with adenoid cystic
carcinoma of the submandibular gland also exhibited a PR.
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Fig. 2 Mean induction increase in histone H3 acetylation in periphe-
ral white blood cells at various time points with different doses. Proce-
dures are referred to the supplementary Online Resource

The anti-tumor mechanisms of action of HDACi have not
been fully elucidated, particularly at the clinical level. Pre-
clinical studies have established several potential mecha-
nisms, including growth inhibition, cell cycle arrest,
apoptosis, angiogenesis inhibition, and enhancement of anti-
tumor immune responses [3]. HDACi may sensitize tumor
cells to natural killer (NK) cell-mediated cytotoxicity, for
example, by inducing expression of MHC class I-related
proteins and NKG2D ligand on tumor cells [33, 34]. Our
previous reported results demonstrate that chidamide alters
expression of a number of genes involved in immune cell-
mediated tumor cell cytotoxicity in peripheral WBCs from
T-cell lymphoma patients who responded to chidamide
treatment. NK cell activity and expression of functionally
related proteins, such as CD16, NKG2D, and GZMA, were
also increased in PBMCs from healthy donors after in vitro
treatment with chidamide at nanomolar concentrations [23].
Taken together, these data imply that chidamide, and proba-
bly other HDACi as well, may produce indirect immune
system-mediated anti-tumor effects, in addition to direct
anti-tumor and anti-angiogenic activities.

In summary, oral chidamide (CS055/HBI-8000) was
well tolerated in patients with advanced solid tumors or
lymphomas at doses up to 50 mg BIW and 32.5 mg TIW
for 4 consecutive weeks in a 6-week cycle. Chidamide
exhibited a relatively long half-life and a long-lasting his-
tone H3 acetylation response. The compound also produced
significant preliminary anti-tumor activity at well-tolerated
doses. The favorable PK, PD, and side effect profiles and
preliminary activity support further investigation of chida-
mide in hematologic and solid tumor settings. In particular,
the PK and side effect profiles elucidated in this study sug-
gest that chidamide is a promising candidate in combina-
tion with a variety of marketed anti-tumor agents.
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