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Re:
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206256
Drug:
BELEODAQ (belinostat)
Indications: Treatment of patients with relapsed or refractory peripheral T-cell
lymphoma (PTCL)
Applicant: Spectrum Pharmaceuticals, Inc.
Belinostat is a small molecule histone deacetylase (HDAC) inhibitor. Belinostat inhibited
deacetylation of histones and some non-histone proteins in in vitro and/or in vivo studies.
In cell culture studies, belinostat caused cell cycle arrest and/or apoptosis of cancer cells;
however, cytotoxic activity was also seen in normal cells. In vivo, the HDAC inhibitory
activity of belinostat was demonstrated in a mouse xenograft study when mice were
injected intraperitoneally with mouse leukemic cells. Belinostat was detected in the
ascites and resulted in increased acetalytion of H4. In a separate xenograft study,
anticancer activity of belinostat was demonstrated in a solid tumor model.
Pharmacology, safety pharmacology, pharmacokinetic/ADME (absorption, distribution,
metabolism and excretion), and toxicology studies were conducted in in vitro systems
and/or in animal species. Animal toxicology studies were conducted in appropriate
species, using the administration route and dosing regimens that adequately addressed
safety concerns in humans. Belinostat-related toxicities in rats and dogs included
findings in the following organs: heart (increased heart rate, cardiomyopathy, increased
weight), hematopoietic/ lymphocytic system (reduced RBCs and WBCs, atrophy of
lymphoid tissues), GI tract (vomiting, liquid feces), male reproductive system (reduced
weight of testes and epididymides, immature testes), and injection site reactions.
Hematologic and GI toxicities have been reported in patients treated with BELEODAQ in
clinical trials. Hepatotoxicity seen in patients did not occur in animals. Analysis of
clinical ECG and belinostat plasma concentration data demonstrated no meaningful effect
of BELEODAQ on cardiac repolarization.
Belinostat was genotoxic in the battery of genetic toxicology studies conducted and
targeted rapidly dividing cells in animals in general toxicology studies. According to
ICHS9 the embryofetal studies could be waived for this class of drugs. This is based on
the expected teratogenicity or embryo-fetal lethality when pregnant animals are treated
with this class of drugs. Therefore, pregnancy Category D has been assigned to
BELEODAQ.
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No fertility study has been conducted with belinostat; however, based on the results of
the general toxicology study in the dog, belinostat may impair fertility in male subjects.
In the 24-week study in the dog, drug-related reduction in the weight of testes and
epididymides and reduced testicular maturation were observed.
The nonclinical studies were reviewed by Drs. Pedro Del Valle and Stacey Ricci. The
nonclinical findings are summarized in the “Executive Summary” of the NDA review and
reflected in the product label.
Recommendation: I concur with Drs. Del Valle and Ricci that from a nonclinical
perspective, BELEODAQ may be approved and that no additional nonclinical studies are
needed to support approval of BELEODAQ for the proposed indication.
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1

Executive Summary

1.1

Introduction

Belinostat (PDX101) is an intravenously administered histone deacetylase (HDAC)
inhibitor that can alter acetylation levels of histone and non-histone proteins. HDAC
enzymes catalyze the removal of acetyl groups from the lysine residues of histones
leading to condensed chromatin and prevention of binding of transcription factors that
can result in gene silencing.
Figure 1

HDAC targets and function outcomes1

Figure 1 illustrates some of the identified molecular targets of HDACs, downstream
cellular pathways, and mechanistic outcomes of HDAC inhibition. Histones are the
primary substrates for class I and class II HDACs, while other proteins, including
transcription factors, are also targeted. Functional outcomes of HDAC inhibition
considered important to their anti-cancer mechanism include apoptosis, cell cycle
arrest, and activation of differentiation. .

1

West, A.C. and Johnstone, R.W. (2014), New and emerging HDAC inhibitors for Cancer Treatment, J.
Clin. Invest. 124:30-39.
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Brief Discussion of Nonclinical Findings

The proposed mechanism of action of belinostat is that upon inhibition of HDAC
(b) (4)
enzymes,
occurs resulting in cell cycle arrest and apoptosis. In vitro results using cultured cells,
demonstrated that belinostat treatment results in cytotoxic activity towards both
transformed and normal cells, but transformed cells undergo greater cell cycle arrest
and/or apoptosis on a percentage basis. Aberrant expression of HDACs in a wide
variety of human tumor types and selective inhibition HDAC isoforms using gene
silencing techniques demonstrated cell cycle arrest or cytotoxicity in both in vitro and in
vivo models.2
Pharmacology studies of belinostat were conducted using in vitro, cell based and in vivo
assays by Spectrum Pharmaceuticals, Topotarget, commercial vendors or academic
laboratories. Results that explored the mechanism of belinostat action include:






Belinostat inhibits HDAC1, HDAC2, HDAC3, and HDAC8 (Class I), and HDAC4,
HDAC6, HDAC7 and HDAC9 (Class II) enzymes at concentrations < 250 nM
using purified recombinant human proteins.3
Belinostat treatment of cultured human tumor or normal cells, or peripheral blood
cells collected from mice treated with belinostat showed a rapid increase of
acetylated histone proteins.
Belinostat treatment of cultured tumor cells results in reduced cell viability that
correlates with cleavage of poly (ADP-ribose) polymerase (PARP1; a marker of
apoptosis), and induced expression of cyclin-dependent kinase inhibitor p21
(CDKN1A; a marker of G1-phase cell cycle arrest).
Cultured human cancer cells were more sensitive to belinostat-induced
cytotoxicity than the cultured normal human cells used.

Safety pharmacology studies conducted included a cardiovascular and respiratory
evaluation in anesthetized dogs, an in vitro hERG channel assay and an observational
study (Irwin test) in rats. Increased heart rates were observed in the dog cardiovascular
study; there were no other findings of toxicity to the cardiovascular, respiratory or
central nervous system. Cardiovascular toxicities also were observed in repeat-dose
toxicology studies: microscopic findings of cardiomyopathy in the rat and increased
heart weight in the dog were observed.
Plasma concentrations showed roughly dose proportional Cmax and AUC exposures in
both rats and dogs. Exposures were typically higher in male rats compared to females,
without gender differences noted in dogs. The half-life was between 0.35-1.2 hours in
rats and 0.45-1.6 hours in dogs. The major pathway of belinostat metabolism is

2

West A.C. (2014), Ibid.
Experimental evidence regarding HDAC 5, -10 and -11 is not provided in the NDA. A tabular listing
published in a review article by Novartis (see Section 4.1 for details) shows that belinostat can inhibit
these HDACs also. The details of the experiments conducted for this tabular listing were not reported.

3
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glucuronidation, with the formation of belinostat glucurounide as the primary metabolite
and other metabolites which do not have an in vitro cytotoxic effect.
Single and repeat-dose general toxicology studies using IV administered belinostat
were conducted in rats and dogs. Repeat-dose toxicology studies with oral
administration in rats and dogs (twice daily for 4 weeks) were also conducted. Five-day
and 28-day IV studies were conducted using a vehicle/formulation that differed from that
used in clinical studies and the to-be-marketed formulation (L-arginine). These studies
were supplemented with 7-day repeat-dose bridging studies in rats and dogs using the
different formulations. Twenty-four week studies using the L-arginine
vehicle/formulation were conducted according to a schedule of 5 days of daily belinostat
IV administration followed by 16 days off for 8 cycles (for a total of 24 weeks) with
controls and the high dose group containing recovery groups of 2 week duration.
In the 24-week intravenous studies, rats administered doses of 10, 25 or 100 mg/kg
(60,150 or 600 mg/m2) experienced more severe toxicities than dogs that received 10,
25 or 50 mg/kg (200, 500 or 1000 mg/m2). Toxicities observed following belinostat
administration were primarily related to the gastrointestinal system, hematopoietic
system, lymphoid system, genitourinary system and the site of injection.


In rats, mortalities occurred at the high dose in 40% of males and 20% of females
primarily during the 6th and 7th cycles of treatment; these animals were
terminated early because of poor general health and the severity of their
ulcerated tail lesions associated with IV belinostat administration. Microscopic
findings in these early decedents included minimal cardiomyopathy and thymus
atrophy possibly associated with belinostat administration. Adverse and
significant reduction in mean body weight gains in all groups occurred and
corresponded with lower mean food consumption. Changes in hematology
parameters included dose-dependent decreased total white blood cell and
lymphocyte counts, decreased platelets in high dose males, and decreased
reticulocyte and red blood cell counts that did not demonstrate a dosedependency. Urine analysis showed the presence of blood and protein in the low
and mid dose groups with fewer occurrences in the high dose group. At terminal
necropsy, microscopic findings were limited to tail lesions and thymus atrophy in
high dose group animals.



In dogs, vomiting occurred during or immediately after IV belinostat dosing; other
clinical signs included soft feces, salivation, impaired mobility and subdued
behavior. Changes in hematological parameters were limited to decreased
leukocyte counts, shorter prothrombin times, and slightly higher red cell
distribution widths that were also present at the end of the recovery period.
Clinical chemistry changes included decreases in alkaline phosphatase levels in
all dose groups, and increases in glucose, inorganic phosphorus and urea; the
significance of these findings is unclear. Lymphoid atrophy was observed at the
highest dose tested in mesenteric, mandibular, spleen, ileum and cecum tissues
at the high dose tested. Male dogs from all treatment groups had reduced organ
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weights of the testes/epididymides that correlated with delayed testicular
maturation in all treatment groups. A dose-dependent increase in mean
heart:body weight ratio in males was observed at terminal sacrifice with no
microscopic correlates.
Belinostat was positive for genotoxicity in the three assays used: the bacterial reverse
mutational test (Ames assay), the in vitro mouse lymphoma cell mutagenesis assay,
and in vivo clastogenicity assay in mouse bone marrow cells (micronucleus assay).
Animal studies to evaluate the reproductive, developmental and carcinogenic potential
of belinostat were not conducted because belinostat is genotoxic and targets rapidly
dividing cells and, therefore, is expected to cause teratogenicity and/or embryo-fetal
lethality.

1.3
1.3.1

Recommendations
Approvability

RECOMMEND APPROVAL: The submitted pharmacology and toxicology studies using
belinostat support the safety of its use in patients with relapsed or refractory peripheral
T-cell lymphoma (PTCL).
1.3.2

Additional Non Clinical Recommendations

No additional nonclinical studies using belinostat are necessary for the proposed
indication.
1.3.3

Labeling

Information in the nonclinical sections of the label reflects findings of studies reviewed
within this document; therefore, a separate labeling review is not considered necessary
at this time.

2

Drug Information

2.1

Drug

CAS Registry Number
414864-00-9, 866323-14-0
Generic Name
Belinostat
Code Name
PXD101
Chemical Name
IUPAC: (E)-N-hydroxy-3-[3-(N-phenylsulfamoyl)phenyl]prop-2-enamide
CAS name: N-hydroxy-3-[3-[(phenylamino)sulfonyl]phenyl]-2-propenamide
8
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4

Pharmacology

4.1

Primary Pharmacology

The proposed mechanism of action of belinostat is based on its ability to inhibit histone
deacetylase enzymes (HDACs). The hydroxamate region of PXD101 chelates a zinc
ion, which is necessary for HDAC activity. Acetylation and deacetylation of histones
are controlled by the enzymatic activity of histone acetyltransferases (HAT) and HDACs.
HDACs can alter acetylation levels of histone and non-histone proteins. Belinostat and
other HDAC inhibitors in general cause the accumulation of acetylated histones and
other proteins, resulting in open chromatin structure, cell cycle arrest, apoptosis and a
decrease in tumor cell proliferation.
Selective HDAC inhibitors target the classical family members from classes I, II and IV.
HDAC inhibitors, like belinostat, act through binding into the active side pocket and
chelation of the catalytic zinc-ion located at its base.4 The enzymatic pocket of HDACs
is highly conserved and most HDAC inhibitors either inhibit all HDACs or many of them
simultaneous (see table).
Table 2

4

Inhibition Profile of Pan- and Class-Selective HDAC Inhibitors4

Witt, O. et al. HDAC family: What are the cancer relevant targets? Cancer Letters (2009), 277:8-21.
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Relevant data provided to support the proposed mechanism of action for belinostat was
reviewed. These data were provided in the listed individual Study Reports and
publications in peer-reviewed journals.
DATA REVIEWED IN SUBMITTED PUBLISHED LITERATURE:
Belinostat inhibits histone deacetylases
Although by naming convention all deacetylases are HDACs, they do not all act on
histones. There are three classes of HDACs (I, II and IV) that are grouped according to
their homology to yeast proteins, subcellular location and Zn-dependent enzymatic
activities.5 Class I HDACs (HDACs 1, 2, 3) are usually found in the nucleus and act on
histone substrates. Class II HDACs act on non-histone proteins located in the
cytoplasm, including α-tubulin, hypoxia-inducible factor (HIF)-1 α, and heat-shock
protein (HSP) 90. There are 2 subtypes of class II HDACs: Class IIa HDACs (HDACs
4, 5, 7, and 9) can pass between the nucleus and the cytoplasm and Class IIb HDACs
(HDACs 6 and 10) are found in the cytoplasm. The class III HDACs, or sirtuins, are
NAD+-dependent enzymes that have some overlapping functions as the classical
HDACs but are not inhibited by conventional HDAC inhibitors (HDACi). The Class IV
HDAC enzyme, HDAC11, has characteristics of both the Class I and Class II HDACs.



Results published that detail the experimental conditions used show that
Belinostat inhibits HDACS 1, 2, 3, 4, 6, 7, 8 and 9 using recombinant human
proteins at concentrations < 250 nM (Table 3).6
Similar results (Table 4) including the additional HDACs 5, 10 and 11 were
published in a review article by Novartis and not in a peer-reviewed scientific
journal. The details of the experiments conducted were not reported.7

5

West, A.C. and Johnstone, R.W. Ibid.
Khan, N. et al. Determination of the class and isoform selectivity of small molecule histone deacetylase
inhibitors. Biochem. J. (2008) 409: 581-589.
7
Atadja P. Development of the pan-DAC inhibitor panobinostat (LBH589): Successes and challenges.
Cancer Letters (2009) 280:233-241. N.B.: This is a review article, and the tabulated data presented
in the review is cited from the following meeting abstract and not a peer-reviewed journal article.
The methodology used to collect these data is not provided.: W. Shao, J.D. Growney, Y. Feng, P.
Wang, Y. Yan-Neale, G. O’Connor, Potent anticancer activity of the pan-deacetylase inhibitor
panobinostat (LBH589) as a single agent in in vitro and in vivo tumor models, in: 99th American
Association of Cancer Research Annual Meeting, April 12–16, 2008, San Diego, CA, 2008, Abstract
6244.
6
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In vitro effects on HDAC activity using belinostat and other HDAC
inhibitors8

Each compound was assayed in triplicate per plate. EC50 values were determined from the average of a
minimum of two plates. Results are means+/−S.E.M.

8

Khan, N et al. (2008) Ibid.
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Inhibition of HDAC activity using belinostat (and other HDAC
inhibitors; information provided in NDA)9

Belinostat reversibly increases acetylation of Histones H3 and H4 and acetylates
alpha-tubulin






In vitro acetylation of histone H3 and H4 in A2780 ovarian tumor cells was
maintained for 36 h with continuous exposure to 1 µM belinostat, Figure 2a.10
Acetylation decreased in cells previously treated after incubation in drug-free
medium, Figure 2b.
In vivo acetylation of histone H4 from peripheral blood mononuclear cells in mice
with A2780 human tumor xenografts was observed after a single Intraperitoneal
(IP) injection of PDX101 (40 mg/kg) and tumor growth and delay increased with
increasing dose of PDX101, Figure 3a and b.
In vitro acetylation of alpha-tubulin was shown in human ovarian carcinoma
OVCAR-3 cells incubated with PXD101.11

9

Atadja, P. et al. (2009) Ibid.
Plumb A. et al. Pharmacodynamic response and inhibition of growth of human tumor xenografts by the
novel histone deacetylase inhibitor PXD101. Mol. Cancer Ther. (2003) 2:721-728
11
Qian X. et al. Activity of PXD101, a histone deacetylase inhibitor in preclinical ovarian cancer studies.
Mol. Cancer Ther. (2006) 5:2086-2095
10
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In vitro Acetylation of Histone H3 and H4 from ovarian tumor cells
treated with belinostat 12

Figure 2: Histone H3 and H4 acetylation determined by Western blot of histones extracted from A2780
cells treated with PXD101 (1 M) for various times (a) and from A2780 cells treated for 1 h with PXD101
and then incubated in drug-free medium for various times (b).

Figure 3

In vivo Acetylation of Histone H4 from Peripheral Blood Mononuclear
cells isolated from tumor-bearing mice treated with belinostat13

Figure 3: (a) Western blots of histone H4 extracted from peripheral blood mononuclear cells taken from
A2780 tumor-bearing mice treated with a single i.p. 40 mg/kg injection of PDX101 returned to baseline
levels by 3 h; (b) Western blots of histone H4 2 h after a single i.p. at various doses of PXD101 showed a
dose-dependent effect of PDX101 effect.

Figure 4

PXD101 effects on the Acetylation of α-tubulin in cultured cells
(Excerpted from Pharmacology Written Summary Section 2.6.2)14

Figure 4: Human ovarian carcinoma OVCAR-3 cells were incubated with different concentrations of
PXD101. After 24 h incubation, cell lysates were prepared and analyzed by immunoblotting

PDX101 Induction of Apoptosis and Cyclin-Dependent Kinase Inhibitor p21
Poly (ADP-ribose) polymerase (PARP) is a family of proteins involved in DNA repair and
programmed cell death. The cleavage of PARP is an indicator of apoptotic cell death.
12
13
14

Plumb A. et al. (2003), Ibid.
Plumb A. et al. (2003), Ibid.
Qian X. et al. (2006), Ibid.
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The cyclin-dependent kinase inhibitor p21 is induced by both p53-dependent and p53independent mechanisms and causes cell cycle arrest.
Methods
Human colon carcinoma cells (HCT116) were plated in 25-cm2 flasks at sub-confluent
density and allowed to establish for 48 h. PXD101 at different concentrations was added
for 24 h after which time cell lysates were prepared. The cleavage of PARP, expression
of p21 and acetylation of histones H3 and H4 was examined by immunoblot analysis.15
Results
 A temporal and dose-dependent increase in PARP cleavage starting at 0.16 µM
supports the hypothesis that belinostat can cause apoptosis in cultured human
cells.
 PXD101 induced expression of p21 starting at 0.08 µM.
 Histones H3 and H4 acetylation increased in a dose-dependent manner.
Figure 5

Effects of PXD101 on p21 expression and PARP cleavage in HCT116
cultured cells
(Excerpted from Plumb JA et al)10

In the left panel, HCT116 cells were incubated with PXD101 (1 M) for various times, and PARP
and p21 were detected by Western blotting. In the right panel, cells were incubated for 24 h with a
range of concentrations of PXD101 (M); histone H3 and H4 acetylation was also detected.
Vinculin is a loading control.

DATA REVIEWED IN SUBMITTED PHARMACOLOGY STUDY REPORTS:
Belinostat leads to cell cycle arrest and apoptosis
A. Report PXD101-PHM-87: Activity of PXD101 on Tumor and Normal Cells

15

Plumb JA et al., (2003), Ibid.
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This study assessed the effects of PXD101 on tumor and normal cells of human origin
and evaluated growth inhibition, cell cycle arrest and apoptosis.
PDX101 Inhibition of cell growth (prostate)
Methods
Prostate carcinoma cells (PC-3) and normal prostate epithelial cells (PREC) of human
origin were cultured in 6-well plates at sub-confluent density and allowed to attach for 1
day. Cells were treated at different concentrations of PXD101. Cell viability was
assessed using trypan-blue dye exclusion and viable cells were counted on a
hemocytometer after 3 and 5 days exposure.
Results
 PXD101 at 1 or 4µM did not inhibit the growth of PREC cells by Day 3 although
the number of viable cells decreased by Day 5. PDX101 at 16 µM inhibited the
growth of human normal prostate cell by Day 2 and 5 (see Figure below).
 PXD101 at 1 µM inhibited the growth of PC-3 cells with no apparent cytotoxicity
and reduced the number of viable cells at 4 or 16 µM by Day 3 and 5.
 Tumor cells were more sensitive than normal cells to the effects of PXD101.
Figure 6

Effects of PXD101 in Tumor and Normal Human Prostate Cells
(Excerpted from Study Report PXD101-PHM-87)

PXD101 Effect on normal and cancer cell viability
Methods
20
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examined for LDH. Results are reported as fold-increase relative to untreated control
cells, with a value of 2.0 indicating a 2-fold (100%) increase relative to controls.
Figure 7

Cell viability following PXD101 incubation (LDH-Release)
(Figure excerpted from Study Report PXD101-PHM-87)

PXD101 Effects on cell cycle
Methods
PREC and 9 different tumor cells were seeded in 90 mm tissue culture dishes at subconfluent density and allowed to attach overnight then exposed to 0.5, 2 or 8 µM
PXD101. Cells were processed after 24 or 48 h of exposure using propidium iodide for
staining and flow cytometry with Cell Quest DNA and ModFit LT cell cycle analysis
22
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were used. The pharmacodynamic (PD) endpoint of histone H4 acetylation in tumor
samples was also measured.
Belinostat treatment of a mouse ascites model
Methods
(b) (4)
Mice (B6D2F1,
were injected intra-peritoneally (IP) with 106 P388 mouse
leukemia cells in 200 L. Mice received a single IP dose of 80 mg/kg belinostat on Day
7 and 3 mice/time point were sacrificed at 5, 15, 30 minutes and 1, 2, 4, 5, 6, 7 and 8
hours. Ascites fluid was collected from the abdominal cavity of these mice and
centrifuged. Belinostat concentration was measured in the ascites supernatants and H4
histone acetylation was evaluated in the cell pellet using immunoblotting. Weight gain
of >20% was defined as moribund state and mice were sacrificed. Individual survival
days were recorded and median survival calculated.
Results
H4 acetylation in ascites cells collected from 1 to 6 h after the last dose of belinostat
was above the baseline. H4 Acetylation began to decline after 4 hours. Belinostat
concentration in ascites fluid declined from approximately 800 µM to 0.5 µM, and the
decline correlated with a decrease in H4 acetylation after 4 hours. H4 acetylation levels
fell below baseline when belinostat ascites fluid concentrations were approximately <0.5
µM.
Figure 8

H4 Acetylation in tumor ascites cell from Belinostat treated IP P388
Mouse ascites model
(Excerpted from Study PXD101-ONC-12)

In a separate study (PXD101-ONC-7), different schedules of belinostat treatment were
evaluated using the IP P388 mouse ascities model. The end-point measured was
survival. The schedules tested varied the time intervals between doses (daily, every
other day, or multiple doses per day (x2, x3, x4, x8). The results listed in Table 7
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that supported a relationship between long treatment duration and anti-tumor effect.
 A single belinostat dose did not improve survival.
 Daily single doses for 5 or 10 days increased survival in a dose-dependent
manner.
 Multiple daily doses improved survival in a dose-dependent manner.
Table 7

Percent Increased Survival (P388 ascites model)
(Tables copied from the Pharmacology Written Summary)

Belinostat once daily treatment

Belinostat treatment, multiple doses per day

Belinostat treatment, multiple doses, multiple days

Belinostat treatment of a human ovarian carcinoma xenograft
Methods
Female NMRI mice were injected subcutaneously with 107 A2780 human ovarian
cancer cells. When tumors reached 1000 mm3, mice were randomized and treated with
belinostat formulated in L-arginine and injected IV into the tail vein at 10 ml/kg. Mice
were treated once daily for 7 days (0, 30, 60 mg/kg) or 3x daily (10, 20 mg/kg). Tumor
25
Reference ID: 3497680

NDA #206256

Pedro L. Del Valle and M. Stacey Ricci

biopsies were collected and kept in formalin; plasma and tumor tissue were collected
after sacrifice.
Results
The half-life of belinostat in mice is <50 min, therefore more frequent treatment was
tested.
 Final tumor volumes were reduced after 1 day using more frequent dosing.
Figure 9

Mouse tumor xenograft model A2780 ovarian cancer
(Excerpted from Study PXD101-ONC-12)

qd: dosing once daily; tid: dosing x3 daily; mice were dosed for 7 days



Curiously, belinostat treatment once daily for 7 days at 60 mg/kg not exhibit an
anti-tumor effect
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Mouse tumor xenograft model (A2780 ovarian cancer cells)
(Excerpted from Study PXD101-ONC-12)

4.2

Secondary Pharmacology

D. Report # PX-CA-06: Effects of Belinostat and Metabolites on Cell Growth
This study investigated the pharmacological activity of the five major human belinostat
metabolites. The major pathway of belinostat metabolism in humans appears to be
through glucoronidation.16
Methods
Belinostat metabolites
Identified human metabolites and their relative exposure were calculated from reanalyzed results of human plasma samples obtained in the clinical study PXD101-CLN8
from subjects that received 1000 mg/m2 IV.

16

Wang LZ, et al. Glucuronidation by UGT1A1 Is the Dominant Pathway of the Metabolic Disposition of
Belinostat in Liver Cancer Patients, (2013), 8:e54522.
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Relative Exposure of Human Belinostat Metabolites in Cancer
Patients
(Excerpted from Study Report PX-CA-06)

WST-1 proliferation assay
Three cell lines, HeLa (cervix cancer), HCT-116 (colon cancer) and MCF-7 (breast
cancer) were tested. Cells were incubated with different concentration of belinostat or
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metabolites for 48 hours. The number of viable cells was then assessed using the Cell
Proliferation Reagent WST-1 (tetrazolium salt).
Clonogenic assay
The same three cell lines that were tested in the WST-1 assay were also tested in a
clonogenic assay (anchorage-independent growth).
Results
The inhibition of cell proliferation in vitro by belinostat metabolites was much lower
compared to parent in HeLa (IC50 = 0.7 µM) and HCT-116 cells (IC50= 0.3 µM). WST-1
assay results for belinostat metabolites were similar in MCF-7 cells.
Table 9

Inhibition of Cell Proliferation and Anchorage Independent Growth of
Belinostat and the Major Human Metabolites
(Excerpted from the Pharmacology Written Summary)

Three belinostat human metabolites displayed some activity in the clonogenic assay:
- belinostat glucoronide (IC50: 26 µM)
- methylated belinostat (IC50: 54 µM)
- belinostat amide (IC50: 97 µM)
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Table 11

PXD101 Metabolites Detected in Dog Plasma
(Table Excerpted from the Study 1981-035)

Figure 11
M2

M6

5.2

PXD101 Metabolite Structure
M11

M12

M7

PXD101 Structure

Toxicokinetics

Refer to individual toxicology studies.
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-cardiomyopathy
1a
1a
-inflammatory cell foci
1a
Spleen
-Hematopoiesis
2a
2a, 1b
2a, 3b
Testes
- tubular atrophy
1e
Tail lesions
-phlebitis, dermatitis, edema,
1a
2a, 1b
2a
hemorrhage
a, minimal; b, slight; c, moderate; d, marked; e, severe; p, present

4a

1b

Special Evaluation
None

Toxicokinetics
Systemic exposure to PDX101, as measured by Cmax and AUC (0-24h), increased with
dose in an approximately proportional or greater than proportional manner. Systemic
exposure was similar in both male and female rats except at the high dose of 100
mg/kg/day. After repeated exposure, Cmax and AUC (0-24h) values increased more
than 1.5x, indicating accumulation. Tmax values were similar in both males and females
and occurred at 0.08 hours.
Table 22

PDX101 Toxicokinetic Parameters in Rats
(Table Excerpted from Study Report 2525-001)

Dosing Solution Analysis
Dose formulations of PXD101 were analyzed for homogeneity and stability at the lowest
and highest dose concentrations on Cycle 1 Day1 when stored at room temperature for
7 days. Concentration verification analyses were conducted for dose formulations from
Weeks 1 and 22. Results showed that dose formulations were homogenous and stable
under the conditions tested and that concentration of the dose formulations were within
90% to 110% of the nominal values.
45
Reference ID: 3497680

NDA #206256

Pedro L. Del Valle and M. Stacey Ricci

Appears this way on original
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Soft/liquid/mucoid feces, which also occurred during the course of the study in
few animals

Body Weights
Changes in mean body weight and mean body weight gain were unremarkable.
Food Consumption
Unremarkable
Ophthalmoscopy
Unremarkable
ECG
Recordings were taken using the fixed limb leads I, II and III and the augmented leads
aVR, aVL and aVF. Heart rates were derived from lead II. No other numerical data was
derived because there were no PXD101-related changes in heart rates.
Hematology
Blood samples for hematology analysis were taken pre-treatment, at the end of the 5days of administration of PXD101 in Cycles 2, 4, 6 and 8 and at the end of the recovery
period.
 Higher reticulocyte counts compared to control occurred in 10 and 25 mg/kg/day
male and female dogs and in 50 mg/kg/day females in all cycles. At recovery
sacrifice, 50 mg/kg/day male and female dogs presented higher reticulocyte
counts indicating stimulation of RBC.
 Red cell distribution width (RCDW) showed a trend for increases in 10 and 25
mg/kg/day dogs at all cycles and increased values were significantly higher in the
50 mg/kg/day dogs from cycle 4 through 8. At recovery sacrifice, 50 mg/kg/day
male and female dogs presented higher RCDW values compared to control.
 Neutrophil values were variable at all dose levels reflecting the normal variation
in dogs because of handling. White blood cells and lymphocytes values were
decreased at all dose levels in both male and female dogs with significant lower
values in 50 mg/kg/day females in cycle 6 and 8. At recovery sacrifice, 50
mg/kg/day male and female dogs presented similar values or higher values,
respectively, compared with control dogs.
 Platelet values increased in male dogs at all dose levels and cycles compared
with control. On the contrary, platelet values in female dogs were in general
variable but lower at all dose levels in cycle 8 compared with control. At recovery
sacrifice, 50 mg/kg/day dogs presented higher values compared with control
dogs.
 Prothrombin time values were in general lower compared with control with
significant decreased values in 50 mg/kg/day females in cycle 2 and 4 and
values.
 Activated partial thromboplastin time (APTT) was in general increased in male
dogs at all dose levels and cycles. A 10% percent higher APTT represents an
increase in approximately 1.5 seconds and the significant increase of 27.9%
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Number/sex/group or time point (main study): See table above
Route, formulation, volume, and infusion rate: IV; 20 mL/kg administered by slow
intravenous infusion at a rate of 0.25 mL/minute
Satellite groups used for toxicokinetics or recovery:
See table above
Age: 8-9 weeks old at start of dosing
Weight: males: 243.0 and 310.8 g and females: 146.9 and 213.1 g
Observation and Times:
Clinical signs: Daily.
Body weights: Day-l, twice weekly thereafter and before necropsy.
Food consumption: weekly.
Ophthalmoscopy: not conducted
EKG: not conducted
Hematology: Days 8 and 29
Clinical chemistry: Day 29
Urinalysis: Day 29
Gross pathology: Day 29 or Day 43
Organ weights: Day 29 (end of treatment) or Day 43 (recovery)
Histopathology: Day 29 (end of treatment) or Day 43 (recovery)
Adequate Battery: yes ( x ), no ( )—explain
Peer review:
yes ( ), no ( x )
Toxicokinetics: On Days 1 and 7 (Cycle 1) and Days 22 and 28 (Cycle 2), blood
samples were collected from three satellite animals/group/sex at 15, 30 and 45 minutes
and 1, 2 and 6 hours after dosing
Results:
Mortality: One low dose female was sacrificed during the study due to the extent of
treatment- related tail/injection site lesions. On Day 23, Animal number 70 (Group 2F,
main study) was sent to necropsy due to tail damage. Due to the poor condition of their
tails Group 4 satellite animals were euthanized on Day 14.
Clinical signs:
Marked changes were seen at the dose sites in animals receiving 100 mg/kg/day,
particularly among females. One female receiving 10 mg/kg/day was similarly affected
and required sacrifice on humane grounds.
After completion of the first dose cycle, three females and one male receiving the
highest dose showed signs of sores/lesions, blackened tissue and damaged missing
tails. By the start of the second dose cycle (i.e., 14 days after the last dose in Cycle 1),
a total of two males and five females were showing similar signs. In addition to these
observations, several animals could not be dosed or dosing could not be completed due
to difficulties in locating the caudal veins due to the extensive damage to the tails.
Females were more affected than males as the changes occurred earlier in females
than males.
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After the first dose cycle, low lymphocyte counts were seen in males receiving 10 or
25 mg/kg/day and in males and females receiving 100 mg/kg/day. Slightly low
lymphocyte counts were also seen in treated male groups after the second dose
cycle.
Hemoglobin values were decreased in both males and females during the first cycle.

Clinical chemistry: Unremarkable
Urinalysis: Unremarkable
Gross pathology:
End of treatment:
 At the tail/injection site, sores and areas of discoloration were recorded for both
control and high dose animals, generally correlating with treatment-related
microscopic findings.
 The overall level of these changes was comparable for both control and treated
animals.
 In addition, missing areas of the tail were also recorded for some high dose animals.
14-day recovery period:
 At the injection site, the level of macroscopic findings was reduced when compared
with the end of treatment animals.
Organ weights: Unremarkable
Histopathology: Adequate Battery:
yes ( x ), no ( )—explain
Peer review:
yes ( ), no ( x )
End of treatment:
 Treatment- related microscopic findings at the tail/ injection site of both control and
high dose animals, see table below.
 The main microscopic changes were phlebitis/periphlebitis and thrombus/intimal
proliferation of blood vessels. Phlebitis/periphlebitis was characterized by varying
levels of inflammatory cell infiltration, edema and fibrin deposition involving the blood
vessel wall and surrounding connective tissue. Thrombus/intimal proliferation was
recorded for the majority of animals, with complete occlusion of vessels in many high
dose animals. Dermatitis, hemorrhage and myositis were also recorded for some
animals from both the control and high dose groups.
 The incidence and severity of the injection site changes in the control group were
greater than the normally expected physiological response to the mechanical
damage of repeated venipuncture, suggestive of irritation due to the vehicle. The
incidence and severity of injection site reactions was greater in the high dose
animals, when compared with the controls, suggestive of additional irritation due to
PXD101.
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Tail/injection site
Level (mg/kg/day)
No. examined:
Phlebitis/periphlebitis
Grade-1
2
3
4
5
Thrombus/intimal
proliferation
Grade -1
2
3
4

Males
Females
1M 2M 3M 4M 1F 2F 3F 4F
0 10 25 100 0 10 25 100
10 0
0 10 10 0
0 10
1
0
2
0
8
3
7
6
0
5
1
0
0
1
0
1
1
0
0
3
0
1
0
0
3
0
0
0
6
0
0
0
5
1
1
0

1
2
6
1

2
2
0
0

1
2
6
1

14-day recovery period
 The level of injection site changes was markedly reduced when compared with end
of treatment, suggestive of partial reversal of the- charges recorded at the terminal
kill.
Males
Females
1M
4M
1M
4M
Level (mg/kg/d)
0
100
0
100
No. examined:
5
5
5
5
phlebitis/periphlebitis 5
1
5
4
Grade-1
0
3
0
1
2
0
0
0
0
3
0
0
0
0
4
0
0
0
0
5
0
1
0
0
thrombus/intimal
2
0
4
0
proliferation
Grade -1
2
1
1
1
2
1
2
0
4
3
0
2
0
0
Key :”-“ = finding not present, 1= minimal, 2 = slight, 3 = moderate, 4 = moderately severe, 5 = severe

Toxicokinetics:
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Clinical signs:
Body weights:

Daily
once weekly during the acclimatization, twice weekly thereafter and
before necropsy
Food consumption: daily
Ophthalmoscopy: pre- treatment and before the last dose in the second dosing cycle.
EKG:
pre- treatment and before the last dose in the second dosing cycle.
Readings were taken in the morning pre- treatment or at an 2 hours
after dosing. Recordings were taken using the fixed limb leads I, II
and III and the augmented leads aVR, aVL and aVF.
Hematology:
Pre-treatment, Day 8, and Day 28
Clinical chemistry: Pre-treatment and Day 29
Urinalysis:
Pre-treatment and Day 29
Gross pathology: Day 28/29 or Day 43
Organ weights:
Adrenals, kidneys, spleen, liver, heart, brain, pituitary,
thyroid/parathyroid, prostate, testes/epididymides.
Histopathology
Adequate Battery: yes (x), no ( )
Peer review: yes ( ), no (x)
Toxicokinetics:
Before dosing and approximately 10 and 30 minutes after dosing and
then approximately 1, 2, 4 and 6 hours after dosing on Days 1 and 7
of the 1st and 2nd dose cycles.
Other: Histone deacetylase activity: Blood samples were collected before dosing and 10
and 30 minutes after dosing and then 1, 2, 4 and 6 hours after dosing
on Days 1 and 7 of the 1st dose cycle.
Results:
Mortality: No mortality
Clinical signs:
 In males and females treated at 50 mg/kg/day, clinical signs included tremors,
vomiting and retching, salivation, lip licking, liquid feces, head shaking and
hypoactivity. Signs continued up to 30 minutes after dosing, but were mostly
transient and were only present during or shortly after dosing. Tremors were seen in
all animals during the first dose cycle, but not during the second cycle. Other signs
were present during both cycles, but were not observed in all animals.
 In animals treated at 25 mg/kg/day, signs included tremors, vomiting and sweating.
In general, signs were seen in isolated animals and on infrequent occasions,
although tremors were present in all animals during the first dose cycle only.
 Unsteadiness on the feet was seen in controls and animals receiving 10 mg/kg/day
and the sponsor considered this finding to be related to treatment with the vehicle.
These signs were not present on every day of dosing, but were seen in all animals.
This sign was also seen in all animals treated at 25 or 50 mg/kg/day in conjunction
with other signs observed.
Body weights: Body weight gains decrease with increasing dosage.
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Satellite groups used for toxicokinetics or recovery:
(recovery)
Age: 20 to 27 weeks old.
Weight: 8.01 to 10.47 kg

3 ♀ (TK) and 2 ♀

Observation and Times:
Clinical signs:
Daily
Body weights: Before treatment, twice weekly thereafter and before necropsy.
Food consumption: Weekly
Ophthalmoscopy: Not conducted
EKG: Not conducted
Hematology: Pre-treatment and on Days 4, 8, 11, 14, 17, 20, 23 and 26.
Clinical chemistry: Not conducted
Metabolic Profiling: Days 1and 7 (Group 2)
Urinalysis: Not conducted
Gross pathology: Group 1: Day 8 or Day 27 following recovery period; (Group 2
toxicokinetic animals killed following final bleed on day 7).
Organ weights: Adrenals, kidneys, spleen, liver, heart, brain, pituitary,
thyroids/parathyroids, ovaries, uterus.
Histopathology: Injection sites, duodenum, jejunum, ileum, cecum, colon, thymus and
gross lesions from all animals in Group 1 (toxicity phase) were
examined microscopically
Toxicokinetics: Day 1 and Day 7 from Group 2 animals.
Results:
Mortality: There were no deaths.
Clinical signs: Vomiting, lip licking and/or retching was seen during the dose infusion in
all dogs. These signs were transient and did not persist past the completion of infusion.
Swelling in the limbs used for dose infusion was seen in Animals 1 and 2.
Body weights: Unremarkable
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Treatment- free
 Hemorrhage and edema were not present suggesting reversal of the injection site
changes seen at the terminal kill.
 Mucosal atrophy and lymphoid atrophy were not present in the intestines, and the
thymus was unremarkable suggesting reversal by the end of the recovery period.
Toxicokinetics:
 Cmax and AUC(0- t) values were comparable for all animals on Days 1 and 7.
 The maximum plasma concentrations for all animals occurred at the 10 minute (Tmax)
timepoint on both Day 1 and Day 7.
 Clearance values appear similar on both Day 1 and Day 7.
Table 28

Toxicokinetic parameters in Dog 7 Day Study
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Incubation & sampling time: Plates were incubated for 24 hours in the
absence of S9 or 3 hours in the presence of
S9 and evaluated 2 days later. The
metabolic activation system consisted of
commercially available S9 fraction prepared
from livers obtained from Aroclor 1254
pretreated male Sprague-Dawley rats.
Extreme toxicity was defined as <10%
relative total growth (RTG).
Study Validity
The study appears valid based on:
 The use of appropriate negative and positive controls
 Duplicate cultures in the main study except for single positive controls at two
doses
Results
PXD101 induced mutations at the tk locus of L5178Y mouse lymphoma cells in the
absence as presence of metabolic activation.
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Necropsy: Rats were sacrificed 24 hours after the last dose using carbon dioxide
followed by cervical dislocation. Sacrifice of rats was conducted in the same order as
they were dosed.
Evaluation Criteria
A result was considered positive if:
 A statistically significant increase in the frequency of micronucleated
polychromatic erythrocytes (PCE) occurred at least at one dose.
 The frequency and distribution of micronucleated PCE within the group at such a
point exceeded the historical vehicle control data.

Table 33

Experimental Design in Rodent Micronucleus Assay
(Excerpted from Applicant’s Submission)

Table 34

Satellite Group Dosing and Blood Sampling Times
(Excerpted from Applicant’s Submission)
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Study Validity




The incidence and distribution of micronucleated PCE in the vehicle control
groups was consistent with the historical vehicle control data
At least five animals out of each group were available for analysis
The positive control chemical (CPA) induced a statistically significant increase in
the frequency of micronucleated PCE

Results
Dose Formulation Analysis
Analysis of the dose formulations indicated all solutions were within approximately 10%
of the expected nominal drug concentrations. Dose formulations for the vehicle control
contained PDX101 at 0.01% and 0.02% on Days 1 and 2, respectively. The
investigation could not define at what step in the process vehicle control dosing
formulations were cross contaminated with PXD101; however, plasma samples from
vehicle control animals showed no detectable levels of PXD101. The individual
frequencies of micronucleated PCE cells in the control animals were consistent with the
historical vehicle data. Based on these results, the presence of PXD101 in the control
vehicle dose formulations was considered to have no impact on the interpretation of
study results.
PXD101 Plasma Concentrations
Results showed that PXD101 achieved systemic levels following intravenous infusion at
520 mg/kg/day, Table 35.
Table 35

Plasma Concentrations of Belinostat in the Rodent Micronucleus
Assay
(Excerpted from Applicant’s Submission)

Micronucleus
Untreated control rats exhibited number and mean percent of micronucleated PCE
within the range of historical data. Positive control rats showed increased number and
mean percent of micronucleated PCE compared to control. The mean of PCE in the
520 mg/kg/day PXD101 group was lower than the historical data range indicating that
PXD101 produces toxicity to the bone marrow. There was no evidence of an increased
frequency of micronucleus formation in the L-Arginine-treated (vehicle control) rats. The
frequency of MN-PCE in the low dose (130 mg/kg/day) and high dose (520 mg/kg/day)
were within historical data and similar to the control group. However, two rats in the 260
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On initial overview of the NDA application for filing:

Content Parameter
1 Is the pharmacology/toxicology section
organized in accord with current regulations
and guidelines for format and content in a
manner to allow substantive review to
begin?
2 Is the pharmacology/toxicology section
indexed and paginated in a manner allowing
substantive review to begin?
3 Is the pharmacology/toxicology section
legible so that substantive review can
begin?
4 Are all required (*) and requested IND
studies (in accord with 505 b1 and b2
including referenced literature) completed
and submitted (carcinogenicity,
mutagenicity, teratogenicity, effects on
fertility, juvenile studies, acute and repeat
dose adult animal studies, animal ADME
studies, safety pharmacology, etc)?
5 If the formulation to be marketed is
different from the formulation used in the
toxicology studies, have studies by the
appropriate route been conducted with
appropriate formulations? (For other than
the oral route, some studies may be by
routes different from the clinical route
intentionally and by desire of the FDA).
6 Does the route of administration used in the
animal studies appear to be the same as the
intended human exposure route? If not, has
the applicant submitted a rationale to justify
the alternative route?

Yes No

Comment

√

√
√

√

√

√

7 Has the applicant submitted a statement(s)
that all of the pivotal pharm/tox studies
have been performed in accordance with the
GLP regulations (21 CFR 58) or an
explanation for any significant deviations?

√

8 Has the applicant submitted all special
studies/data requested by the Division
during pre-submission discussions?

√

Reproductive toxicology studies were not
conducted. However, these studies may not
be needed for this drug per ICH S9
(belinostat is genotoxic and targets rapidly
dividing cells)

Formulation using L-Arginine and water for
injection was similar in clinical and animal
toxicology studies.

Belinostat was administered intravenously
to animals in toxicology studies, same route
intended for administration in patients.
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9 Are the proposed labeling sections relative
to pharmacology/toxicology appropriate
(including human dose multiples expressed
in either mg/m2 or comparative
serum/plasma levels) and in accordance
with 201.57?
10 Have any impurity – etc. issues been
addressed? (New toxicity studies may not
be needed.)

11 Has the applicant addressed any abuse
potential issues in the submission?
12 If this NDA/BLA is to support a Rx to OTC
switch, have all relevant studies been
submitted?

Yes No

Comment

√

√

This is a review issue. It appears that
organic impurities levels will be either
below the threshold described in ICH
guidelines or are qualified by toxicological
studies
N/A

N/A
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