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Abstract

Objective: This phase I study was to evaluate safety, maximum tolerated dose, pharmacokinetics and
preliminary antitumor activity of chidamide, a novel subtype-selective histone deacetylase (HDAC) inhibitor, in
combination with paclitaxel and carboplatin in patients with advanced non-small cell lung cancer (NSCLC).
Methods: Ten patients received oral chidamide 20, 25, or 30 mg twice per week continuously with paclitaxel
(175 mg/m’) and carboplatin [area under the curve (AUC) 5 mg/mL/min] administered in a 3-week cycle.
Patients with response and stable disease after four cycles maintained chidamide monotherapy until disease
progression or unacceptable toxicity. Blood samples were collected for pharmacokinetic analysis after the first
single oral of chidamide and first combination treatment in cycle 1 from all patients.

Results: Two dose-limiting toxicities were recorded in the 30 mg cohort, including thrombocytopenia
and prolonged neutropenia in the first cycle. Grade 3/4 neutropenia in any cycle was observed in all patients,
but was not associated with significant complications. Other grade 3/4 hematologic toxicities included
thrombocytopenia and leucopenia. No significant changes were observed in pharmacokinetic parameters for
both chidamide and paclitaxel. One patient in the 20 mg cohort had confirmed partial response (PR). Two out
of 5 patients with brain metastases had intracranial complete remission after 4-cycle treatment.
Conclusions: Chidamide combined with paclitaxel and carboplatin was generally tolerated without
unanticipated toxicities or clinically relevant pharmacokinetic interactions. The recommended dose for
chidamide in this combination was established at 20 mg, and a phase II trial is ongoing with this regimen in
patients with advanced NSCLC.
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Introduction approximately 569,000 annually (3). Platinum-based

Non-small cell lung cancer (NSCLC) is the most common chemotherapy remains the first-line treatment for advanced

diagnosed cancer and the leading cause of cancer death i
worldwide (1,2). In China, new NSCLC cases are genes such as epidermal growth factor receptor (EGFR) and
’ ’ anaplastic lymphoma kinase (ALK). However, the efficacy

NSCLC, especially in patients without mutations in certain
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of different platinum-based regimens appears to have
reached a plateau, with the median survival ranges from 8 to
12 months (4,5), even with the addition of targeted agents,
such as bevacizumab and cetuximab (6,7). Novel systemic
therapy strategies are in great need to improve the survival
in advanced NSCLC.

Chidamide (CS055) is a novel member of the benzamide
class of histone deacetylase (HDAC) inhibitor. It was
rationally designed to block the catalytic pocket of Class
I HDACs with enhanced metabolic stability, durable
induction of histone acetylation, and distinct gene
expression profiling relative to existing benzamide and
hydroxamic acid class inhibitors (8-14). Previous studies
have demonstrated that chidamide, functioning as an
epigenetic modulator, selectively inhibits the activity of
HDACI, 2, 3 and 10, and performs its antitumor action via
multiple mechanisms, including induction of growth arrest
and apoptosis in blood and lymphoid-derived tumor cells
(9), activation of natural killer cell- and antigen-specific
CDS8+ cytotoxic T lymphocyte-mediated cellular antitumor
immunity (10,11), and reversion of epithelial-mesenchymal
transitions and drug-resistance of tumor cells (12).
Chidamide has also been shown to synergistically enhance
platinum-induced DNA damage responses and apoptosis in
NSCLC cells (13).

Chidamide has shown good tolerability, antitumor
activity, and favorable pharmacokinetics and pharmaco-
dynamics profiles in phase I and phase II studies in patients
with advanced solid tumors or lymphomas (8,14). Based on
the results from a multicenter pivotal phase II study (14),
chidamide has been approved for the treatment of relapsed
or refractory peripheral T-cell lymphoma (PTCL) in
China. On the basis of the preclinical and clinical findings,
we designed this phase I study to evaluate the safety and
pharmacokinetics of chidamide in combination with
paclitaxel and carboplatin as first-line treatment in patients
with advanced NSCLC.

Patients and methods
Patients

Patients (age =18 years) with cytologically or histologically
confirmed NSCLC, stage IIIB or IV disease, Eastern
Cooperative Oncology Group (ECOG) performance status
of 0 or 1, treatment-naive or recurrent after surgery without
systematic therapy were eligible. Presence of measurable
diseases, life expectancy of =3 months and body weight
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47-87 kg for men and 35-75 kg for women were required.
Qualifying laboratory criteria were as follows: leukocytes
>4x10°/L, platelets =100x10°/L, hemoglobin =11 g/dL,
total bilirubin <I.5x upper limits of normal (ULN), alanine
transaminase (ALT)/aspartate aminotransferase (AST)
<1.5xULN, and creatinine <1.5xULN.

Pregnant women and men with fertility desires were
excluded, and women with reproductive potential were
required to use contraception. Other exclusion criteria were:
1) history of QTc prolongation, ventricular tachycardia
(VT), auricular fibrillation (AF), heart block (HB),
myocardial infarction (MI) onset within one year, congestive
heart failure (CHF), or clinically significant coronary artery
disease which needs drug treatment; 2) patients who had
undergone organ transplantation; 3) patients with active
bleeding or newly diagnosed thromboembolic diseases; 4)
patients with active ulcer or bleeding in gastrointestinal
tract; 5) patients with active infections; 6) patients with
symptomatic brain metastases; or 7) patients with mental
disorders. EGFR mutation status was not examined in this
study.

The study was approved by China Food and Drug
Administration (CFDA) and the Ethics Committee of
Cancer Institute & Hospital, Chinese Academy of Medical
Science & Peking Union Medical College. All patients
provided written informed consent before enrollment.
The study was registered on World Health Organization
International Clinical Trials Registry Platform (registration
No. ChiCTR-ONC-12002283), and was conducted in
accordance with the Declaration of Helsinki and Good
Clinical Practice Guidelines.

Study design

The primary purpose of this open-label study was to
determine the recommended phase II dose of chidamide
combined with fixed dose of paclitaxel and carboplatin in a
3-week cycle in patients with advanced NSCLC. Chidamide
(5 mg tablets) was provided by Chipscreen Biosciences
Ltd. (Shenzhen, China). Paclitaxel and carboplatin were
commercially available from Bristol-Myers Squibb (New
York, USA).

The starting dose of chidamide was 20 mg and escalated
by 5 mg with a 3+3 (3 to 6 patients per cohort) “up
and down” design. A dose-limiting toxicity (DLT) was
defined as the occurrence of any of the following events in
treatment cycle 1: 1) grade 4 neutropenia lasting >7 d; 2)
grade 3 febrile neutropenia with fever >38.5 °C; 3) grade
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4 thrombocytopenia; 4) grade 3 nausea or vomiting lasting
>48 h despite maximal symptomatic treatment; 5) grade 4
nausea or vomiting; 6) grade 3 or higher non-hematologic
toxicity excluding nausea, vomiting, or alopecia; 7) cycle
2 treatment delay >2 weeks due to intolerable events;
and 8) drug-related and clinically significant grade 3 or
higher non-hematologic laboratory abnormity. The grade
of toxicities and the relationship of adverse events (AE)
with the study drug/combination treatment regimen were
evaluated and determined by investigators.

Drug administration and dose modifications

Chidamide tablets were administered orally 30 min after
breakfast twice weekly (BIW) on d 1 and d 5 every 3
weeks of each cycle. On d 5 of each cycle, along with oral
chidamide, paclitaxel (175 mg/m®) was infused intravenously
over 3 h, immediately followed by a 30 min infusion of
carboplatin [area under the curve (AUC)=5 mg/mL/min].
Patients with stable disease (SD) or better after four cycles
of combination treatment were administered with single
chidamide with the same dose as maintenance, until disease
progression or unacceptable toxicity. Paclitaxel-treated
patients received dexamethasone (20 mg oral doses 12 and
6 h before paclitaxel), diphenhydramine [50 mg intravenous
injection (i.v.)], and a histamine receptor 2 antagonist (50
mg i.v. ranitidine or 300 mg i.v. cimetidine).

Dose reductions were required in patients who had no
DLT in cycle 1 and experienced grade 3 or higher non-
hematologic toxicity, or grade 4 hematologic toxicity, or
grade 3 neutropenia lasting >7 d or febrile neutropenia with
fever >38.5°C in the subsequent period. The principle of
dose reduction was as follows: 1) if toxicity was chidamide-
related, the dose of chidamide was reduced to the next lower
level for the subsequent treatment cycles; 2) if toxicity was
paclitaxel-related, the dose of paclitaxel was reduced by 25
mg/m’, and if carboplatin-related, the dose of carboplatin
was reduced by 1 mg/mL/min; and 3) patients with 2 or
more dose reductions should be withdrew from the study.

Pharmacokinetic sampling and analysis

Blood samples (3 mL) for chidamide when given alone (d 1,
cycle 1), and with paclitaxel and carboplatin (d 5, cycle 1),
were collected from all patients before and 1, 2, 3, 6, 12, 24,
48 and 72 h after administration of chidamide, and after the
onset of paclitaxel and carboplatin infusion, respectively.
Plasma concentrations of chidamide and paclitaxel were
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determined by a validated, sensitive, and specific high-
performance liquid chromatography method with tandem
mass spectrometric detection (LC-MS/MS) (15). The assay
was linear over a range of 1-1,000 ng/mL with a lower limit
of quantification (LLOQ) of 1 ng/mL for chidamide, and
20-10,000 ng/mL with a LLOQ of 20 ng/mL for paclitaxel,
respectively.

Patient evaluation

Baseline evaluations included physical examination,
performance status, complete blood count (CBC),
biochemistry, urinalysis, electrocardiograph (ECQG), cardiac
ultrasound and computed tomography (CT) scan. CBC tests
were performed BIW in combination treatment period, and
once weekly in single chidamide treatment period. ECG
examination was performed weekly. Physical examination
and laboratory biochemistry were carried out every 3 weeks.
Urinalysis and cardiac ultrasound were examined every 6
weeks.

Responses were assessed every 6 weeks by CT scan using
Response Evaluation Criteria in Solid Tumors (RECIST,
version 1.0), and toxicity was graded using National Cancer
Institute the Common Toxicity Criteria (NCI-CTC,
version 3.0) for AEs.

Statistical analysis

Median of patient age was calculated based on the baseline
data from 10 patients enrolled. The safety population
included all patients who received at least one dose of
chidamide. All descriptive statistical analyses were carried
out by using the SAS software (Version 9.2, SAS Institute
Inc., Cary, USA).

Pharmacokinetic parameters of chidamide and paclitaxel
were analyzed using non-compartmental methods
by Phoenix 6.0 WinNonlin, Version 5.2 (Pharsight
Corporation, Mountain View, CA, USA). The maximum
plasma drug concentration (C,,,) and time to reach
maximum concentration (T,,,) were obtained from
experimental observation. The AUC was estimated using a
trapezoidal rule. Summary statistics were expressed as xs.

The paired two-tailed ¢ test was employed using IBM
SPSS Statistics (Version 19.0, IBM Corp., New York, USA)
to assess mean pharmacokinetic variables for chidamide
(before and after combination with paclitaxel/carboplatin)
and paclitaxel (among each chidamide combination dose
group) in cycle 1 for all the patients, and P<0.05 (two-tailed)
was considered statistically significant.
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Results
Demographic and baseline patient profile

This phase I study was conducted at Cancer Institute &
Hospital, Chinese Academy of Medical Sciences. A total of
10 patients were enrolled from March 2011 to April 2012 to
receive protocol treatment. As listed in Table 1, the median
age was 55.6 (range 35.6-63.1) years old, with 7 patients
having an ECOG performance status equal to 1, 3 patients
with ECOG performance status equal to 0. All patients
had adenocarcinoma with one or more disease sites. Most
patients (90%) had stage IV disease. Five patients (50%)
had brain metastasis without clinical symptoms. Nine
patients (90%) were treatment-naive, and 1 patient received
radiotherapy for brain metastasis.

Patient disposition

All 10 patients received at least one cycle of combination
therapy and were evaluable for DLT and safety. As shown
in Table 2, 4 patients completed the 4 scheduled cycles of
combination therapy, and 2 patients went on to receive
chidamide maintenance monotherapy. Three patients
were enrolled into the first dose level (20 mg cohort). No
patients in this cohort experienced DLT" and all completed

Table 1 Baseline patient characteristics (N=10)
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the planned 4-cycle combination therapy, in which 2
patients continued to receive the maintenance chidamide.
In the 25 mg cohort, 3 patients were enrolled and all
treated for 2 cycles without dose reduction. Two patients
discontinued treatment due to disease progression, and
one due to lack of treatment-benefit based on investigator’s
discretion. Four patients were enrolled in the 30 mg cohort.
One patient completed the 4-cycle combination therapy,
2 patients discontinued treatment in cycle 1 due to DLITS,
and 1 patient experienced serious adverse event (SAE) and
withdrew from the study.

Safety evaluation

No DLT was observed in the 20 mg and 25 mg cohorts.
Two out of 4 patients in the 30 mg cohort experienced
DLTs defined by the protocol: 1 patient had grade 4
thrombocytopenia, and the other had treatment delay
over 14 d for the subsequent treatment because of grade 3
neutropenia and grade 2 thrombocytopenia.

All patients experienced at least one AE. Myelo-
suppression, particularly neutropenia, was the principal
hematologic toxicity of chidamide/pactlitaxel/carboplatin
regimen (Table 3). Grade 3/4 neutropenia was observed

Table 2 Patients’ disposition

Characteristics n (%)
Gender
Male 6 (60)
Female 4 (40)

Age [median, (range)], year 55.6 (35.6-63.1)

ECOG performance status

0 3 (30)

1 7 (70)
Histology

Adenocarcinoma 10 (100)
Disease stage

b 1(10)

\% 9 (90)
Prior therapy

Radiation 1(10)

None 9 (90)
Brain metastases 5 (50)

ECOG, Eastern Cooperative Oncology Group.

© Chinese Journal of Cancer Research. All rights reserved.

No. of patients at various
chidamide dose levels

Variables
20 mg 25 mg 30 mg

(N=3) (N=3) (N=4)

Combination cycles

completed
1 3 3 2
2 3 3 2
3 3 0 1
4 3 0 1

Chidamide maintenance

monotherapy 2 0 0

Reasons for discontinuation before cycle 4 (N=6)

Disease progression 0 2 0
DLT 0 0 2
SAD 0 0 1

Investigator’s decision 0 1 0

DLT, dose-limiting toxicity; SAD, serious adverse event.
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in all patients, but not associated with significant
complications. Other grade 3/4 hematologic toxicities
included thrombocytopenia and leucopenia. Higher
severity of hematologic toxicities was recorded in the 30
mg group. Non-hematological toxicities were mild to
moderate. Nausea, alopecia and fatigue were relatively
common (>50%) non-hematologic toxicities, but all were
grade 1. Other non-hematologic toxicities were most grade
1 or grade 2, and only 1 case of grade 3 hypocalcemia was
documented in the 20 mg cohort.

None of the patients had chidamide dose reduction
during the study. One patient at the 20 mg dose level and
2 patients at the 30 mg dose level had dose reduction of
paclitaxel or carboplatin per the study protocol. There was
no treatment-related death in the study. One patient at the
30 mg dose level experienced SAE. On d 15 of the third
cycle, the patient had numbness, weakness and limitation
of motion on the left limbs. Acute cerebral infarction was
diagnosed, and the patient was hospitalized for treatment
and withdrawn from the study. The investigator considered
the SAE was unlikely related to the study medicines.

Pharmacokinetics

Plasma samples for pharmacokinetic studies were obtained
from all the patients to detect potential relevant drug-drug
interactions. Figure I shows the mean plasma concentrations
of chidamide at different doses when administered
alone and with paclitaxel and carboplatin. In general, no
significant difference in chidamide concentration-time
curve was observed before and after combination with
paclitaxel/carboplatin. Furthermore, similar chidamide
clearance was observed between single dose vs. combination
with paclitaxel/carboplatin among all three doses in average
(55.3+27.9 vs. 51.6x26.1 L/h, P=0.747). And there is no
significant difference of chidamide values in C,,,, (P=0.08)
and AUC,;, (P=0.97) by a paired ¢ test between single and
combination dosage.

Major pharmacokinetic parameters of paclitaxel when
combined with chidamide at the dose of 20, 25 and 30 mg
are presented in 7ible 4. Similar paclitaxel pharmacokinetic
estimates were seen when combined with chidamide at
different doses (P>0.05), and these values are in agreement
with reported values for comparable dose of single-agent
paclitaxel administered as a 3-h i.v. infusion (16).

Efficacy

There are 8 patients were evaluable for tumor response

© Chinese Journal of Cancer Research. All rights reserved.
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Figure 1 Mean plasma concentrations of chidamide before and
after co-administration of paclitaxel and carboplatin (PC). (A) 20
mg; (B) 25 mg; (C) 30 mg.

since 2 patients in the 30 mg cohort withdrew from the
study due to DLTs before response assessment. Confirmed
partial response (PR) was observed in 1 patient in the 20
mg cohort, with a duration of 166 d. SD was seen in 4
patients: 1 in 20 mg cohort, 1 in 25 mg cohort, 2 in 30 mg
cohort, and the duration of SD was 1+, 28+, 47 and 105
d, respectively (“+” denotes a censored value). Progressive
disease (PD) was seen in 3 patients.

Five patients (3 in 20 mg cohort, 1 in 25 mg cohort and
1 in 30 mg cohort) had brain metastases prior to study
entry. Two patients in the 20 mg cohort with brain lesions
of 6-9 mm achieved intracranial complete response (CR)
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Table 3 Hematologic AEs
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NCI-CTC grade

AEs Chidamide 20 mg Chidamide 25 mg Chidamide 30 mg
1/2 3/4 All 1/2 3/4 All 1/2 3/4 All
Neutropenia 1 4 5 1 5 6 1 5 6
Thrombocytopenia 2 2 4 5 0 5 3 2 5
Leukopenia 3 3 6 6 0 6 4 1 5
Anemia 4 0 4 3 0 3 4 0 4
Erythropenia 4 0 4 1 0 1 3 0 3

AEs, adverse events; NCI-CTC, National Cancer Institute the Common Toxicity Criteria.

Table 4 Main pharmacokinetic parameters of paclitaxel (175 mg/m’) combined with oral chidamide 20 mg, 25 mg or 30 mg

Chidamide dose

PK parameters All (N=10)

20 mg (N=3) 25 mg (N=3) 30 mg (N=4)
CL (L/h/m?) 8.3+1.9 7.3x1.1 7.3x2.0 10.5+1.7
vd (L/m?) 134.3+55.5 111.9+36.1 150.3+83.4 154.9+54.3
ti2 (h) 11.2+3.2 10.4+1.9 13.7+£3.8 10.3+3.1
Crax (MQ/ML) 7.29+2.06 9.53+1.91 7.12+0.71 5.69+1.30
AUC,; (Mg-h/mL) 21.87+£5.17 23.94+3.31 24.74+6.46 16.39+3.76

PK, pharmacokinetic; CL, plasma clearance; Vd, apparent volume of distribution; t,,,, half life; AUC, area under the curve.

after 6-week treatment, which lasted for 12 weeks (data not
shown).

Discussion

Chidamide represents a novel benzamide class HDAC
inhibitor with unique mechanism of actions and significant
orally single-agent activity against relapsed or refractory
PTCL as single agent (14). This dose-escalation phase 1
study was designed and conducted to determine the safety
and maximum tolerated dose (MTD) of chidamide in
combination with paclitaxel and carboplatin to identify a
regimen suitable for further phase II/III evaluation.

In this study, the most frequently reported AEs were
myelosuppression, which were principally neutropenia,
thrombocytopenia, leucopenia and anemia. All patients
(100%) and 3 patients (30%) respectively experienced
grade 3/4 neutropenia and thromcytopenia, which were
more frequent than those in previous studies evaluating
paclitaxel/carboplatin alone (17-19). It was probably due
to the overlapping hematological toxicity of chidamide
and paclitaxel/carboplatin. Consistent with the side effect

© Chinese Journal of Cancer Research. All rights reserved.

profiles for paclitaxel-carboplatin or single chidamide, the
combination treatment showed mild to moderate non-
hematological toxicities without grade 3/4 AEs, which
suggested little additive non-hematological toxicities in
those patients to the regimen.

DLTs were documented in 2 patients from the 30 mg
chidamide cohort with a total 4 patients enrolled, including
1 grade 4 thrombocytopenia, and 1 treatment delay due
to grade 3 neutropenia and grade 2 thrombocytopenia.
Therefore, DLT for chidamide combined with paclitaxel/
carboplatin was identified as 30 mg, and no further patients
were enrolled in this cohort. Although similar frequency
and severity of AEs were represented between the 25 mg
and 20 mg cohorts, all 3 patients in the 25 mg cohort
had treatment discontinuation after cycle 2 due to the
disease progression and investigator’s discretion, which
prevented this cohort from adequate evaluation for repeated
administration. Based on these considerations and potential
efficacy observed in the 20 mg cohort, 20 mg chidamide in
combination with fixed dose of paclitaxel (175 mg/m’) and
carboplatin (AUC=5 mg/mL/min) was recommended as
phase II regimen for further evaluation.

Chin J Cancer Res 2016;28(4):444-451
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Chidamide in combination with paclitaxel/carboplatin
displayed similar pharmacokinetic properties to those from
phase I study of single chidamide (8). Regardless of dose
levels, no significant difference was seen in the plasma
clearance (CL) of chidamide before and after combination
with paclitaxel and carboplatin. We also investigated the
potential effects of chidamide on the pharmacokinetics
of paclitaxel: similar paclitaxel pharmacokinetic estimates
were seen in co-administration with chidamide at different
doses. Paclitaxel had a half life (t,,) of 11.2+3.2 h and a CL
of 8.3:1.9 L/h/m’ when administered at 175 mg/m’ in our
study. It was favorably comparable with the pharmacokinetic
parameters of paclitaxel (Bristol-Myers Squibb, USA) in
the FDA database with a t;;, of 9.0£4.9 h, and a CL of
10.5:6.4 L/h/m’ at the dose of 170-175 mg/m’, as well as
with reported values for comparable dose of single-agent
paclitaxel administered (16). These results suggested lack
of significant drug-drug interaction between chidamide and
paclitaxel during co-administration.

Five patients completed 3 or more cycles of treatment.
One patient in the 20 mg cohort had confirmed PR. Of 5
patients with brain metastases, 2 from the 20 mg cohort
had complete remission of brain tumors after 4-cycle
treatment. Poor permeability across the blood brain barrier
was reported for paclitaxel and carboplatin (20,21), and
intracranial control was rarely seen in patients treated
with either of the agents (22). However, whether the
observed antitumor activity for brain metastasis in this trial
could be contributed to the addition of chidamide to the
chemotherapy regimen needs further study to elucidate.

Conclusions

The results of this study on 10 patients with advanced
NSCLC showed that the combination regimen of
chidamide plus paclitaxel/carboplatin is generally tolerable,
with the preliminary evidence of tumor control and no
apparent chidamide-paclitaxel pharmacokinetic interactions.
A phase II study has been performed to further evaluate the
efficacy and safety of chidamide 20 mg BIW plus paclitaxel/
carboplatin for the treatment of advanced NSCLC patients
with wild-type EGFR genotype.
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