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Abstract: Histone deacetylases (HDACs) play a central role in the epigenetic regulation of gene expression. Aberrant
activity of HDACs has been found in several human cancers leading to the development of HDAC inhibitors (HDACI) as
anti-tumors drugs. In fact, over the last years, a number of HDACI have been evaluated in clinical trials; these drugs have
the common ability to hyperacetylate both histone and non-histone targets, resulting in a variety of effects on both cancer
cells and immune responses. Clinical trials of HDACI conducted in solid tumors and hematological malignancies have
shown a better clinical efficacy of these drugs in hematological malignancies. In this review, will be highlighted the
mechanisms of action underlying the clinical responses obtained with these drugs and the doubts regarding the use of

HDACI in cancer therapy.
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1. INTRODUCTION

Epigenetic mechanisms such as DNA methylation, post-
translational modifications of histone proteins and
remodelling of nucleosomes affect chromatin structure and
contribute to define heritable changes in gene expression.
Therefore, histone acetylation represents one of many
possible epigenetic modifications [1]. Histone acetylation
regulates transcription by remodelling chromatin structure.
Acetylations of the core histones disrupt the nucleosome
structure, allowing unfolding and providing access for
transcription factors to bind to their target promoters. The
turnover of acetylation histones is regulated by the opposing
activities of histone acetyltransferases (HATS) and histone
deacetylases (HDCAs), where HATs allow transcriptions
and HDACs repress transcription [2]. Deregulation of
epigenetic mechanisms of gene expression may be as
relevant as genetic alterations for the development and
progression of cancer and leukemia.

In the eukaryotic cells, 18 different HDACs are identified
and they may reside either in the nucleus or in the cytoplasm
[3-4].

Class | family of HDACs consists of the 1, 2, 3 and 8
proteins; they are nuclear proteins, with homology to the
yeast RPD3 protein, and are ubiquitously expressed in
different human cell lines and tissues [5-6]. Class Il family
members include the 4, 5, 6, 7, 9 and 10 proteins; with
homology to the Hdal yeast protein [7]. They are able to
shuttle between cytoplasm and nucleus. HDACS6 has unique
substrate specificity with an a-tubulin deacetylase domains.
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The class 11l of HDACs comprises the so-called Sirts,
consisting of seven members; these proteins, similar to Sirts
in yeast, are zinc-independent and NAD-dependent [8].

Finally, HDAC class IV is constituted by a unique
member, HDACL11, that share some features with HDAC
class I and class 11 domains [9].

HDACs are mainly found associated with co-repressor
proteins such as Sin3A, N-CoR and SMRT that are able to
mediate their functions. HDACs are, in turn, regulated by
different mechanisms including post-translation modifica-
tions, protein-protein interactions and availability of
cofactors required for their enzymatic activity [10].

Recently, it has been shown that the activity of the
different HDACs encompasses also several additional
substrates such as transcription factors, signal transcription
mediators, DNA repair enzymes, chaperones and structural
proteins [11-12]. Indeed, HDACs are mainly involved in
several cellular processes including cell proliferation, cell
migration, angiogenesis. The identification of HDAC
substrates proteins, as p53, HSP90, E2F, pRb and BCLS6,
REL A and Annexin Al [11-14] that are all implicated in
cancer progression, suggests that in cancer cells the aberrant
pattern of acetylation is also extended to all HDAC possible
substrates.

Dysregulated HATs or HDACs activity has been found
in several human cancers [15-16], suggesting that the
HAT/HDAC balance could be a potential therapeutic target
in human neoplastic diseases. Indeed, the results of several
preclinical studies have been shown that different classes of
HDACI were found to exhibit potent antitumor activity. In
this regard, over the last years, a number of HDACi have
also been evaluated in clinical trials; these drugs have the
common ability to hyperacetylate both histone and non-
histone targets, resulting in a variety of effects on both
cancer cells and immune responses.
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To date, responses with single agent HDACI have been
predominantly observed in advanced hematologic
malignancies including T-cell lymphoma, Hodgkin
lymphoma, and myeloid malignancies. Generally HDACi are
well tolerated with the most common acute toxicities being
fatigue, gastrointestinal, and transient cytopenias, showing
the highest degree of sensitivity, in terms of clinical efficacy
[17].

Important clinical efficacy results were only reported in
cutaneous T-cell lymphoma (CTCL). Vorinostat (SAHA)
and Romidepsin (FK-228) have been approved for the
treatment of these patients. However, in other cancers a
variable and general insufficient clinical response suggesting
that some questions remain to be clarified about their
preferential activity in specific cancer types.

This review focuses on the clinical relevance of HDACI
in hematological malignancies, and summarizes the results
obtained in the clinical studies by HDACi and their
mechanisms of action.

2. ROLE OF HDACs IN THE DEVELOPMENT OF
HEMATOLOGICAL MALIGNANCIES

In both leukemia and lymphoma an abnormal activity of
HATs and HDACs resulting in aberrant gene transcription,
has been shown [18]. Furthermore, several HDACs are
believed to be implicated in mediating the function of fusion
proteins derived from oncogenic translocation of different
forms of hematological malignancies [19].

Acute Promyelocytic Leukemia (APL) is caused by from
the fusion between the product of promyeolocytic leukemia
protein (PML) gene and the retinoic acid receptor-a (RAR-
).

RAR a, a ruling controller of myeloid differentiation,
heterodimerizes with retinoid X receptors (RXR) and
functions as a transcription repressor that, in the absence of
retinoic acid, binds to specific DNA sequences of the
HDACs coding genes (the RA responsive elements or
RARE). Physiological levels of RA are however able to
determine a conformational switch that leads to the release of
the HDAC co-repressor complex and to the binding of RAR
to a transcriptional activator, thus resulting into the
transcription of RARE genes [20]. In APL, the aberrant
recruitment of co-repressor complexes, PML-RAR is no
more sensitive to physiological concentrations of RA, with
the final outcome of silencing RAR-a target genes inducing
differentiation block at the promyelocytic stage [21].

Acute myeloid leukemia subtype M2 is characterized by
the presence of the fusion protein AML1-ETO, derived from
chromosomal translocation and represents another important
example in which HDAC-dependent aberrant transcriptional
repression is implicated in the development of leukemia
[22]. It was found that the fusion partner ETO binds to the
human homolog of the murine nuclear receptor corepressor
(N-CoR). N-CoR, mammalian Sin3 (mSin3A and B), and
histone deacetylase 1 (HDAC1) form a complex that is able
to change chromatin structure and mediates transcriptional
repression by nuclear receptors and by a number of
oncoregulatory proteins. Moreover, it found that ETO,
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through its interaction with the N-CoR/mSin3/HDAC1
complex, is also a potent repressor of transcription [23].
There are many evidences that strongly support the
involvement of HDACs in the development of AML [24-25].
Importantly, it has been shown that recruitment of HDACs is
crucial to the repression of gene transcription caused by
AML1-ETO. In fact, Valproic acid (VPA) treatment disrupts
the AML1/ETO-HDACL1 physical interaction, stimulates the
global dissociation of AML1/ETO-HDAC1 complex from
the promoter of AMLI1/ETO target genes, inducing a
significant antileukemic activity mediated by partial cell
differentiation and caspase-dependent apoptosis. These data
suggest the therapeutic use of HDACI in this form of
leukemia.

HDAC-dependent abnormal transcriptional repression
has been also implicated in non-Hodgkin’s lymphomas. It
has been shown that the translocations or mutations of the
BCL-6 gene are the most common genetic abnormalities in
non-Hodgkin’s lymphomas [26]. BCL-6 is expressed at the
highest level in germinal-centre of B cells and its expression
is lost during terminal plasmacytic differentiation: it behaves
as a transcriptional repressor associating directly and
indirectly with class | and class Il HDACs [27]. Acetylation
has been identified as a mechanism to down-regulate BCL-6
activity by inhibiting the ability of BCL-6 to recruit
complexes containing HDACs. HDACI treatment results in
the accumulation of inactive acetylated BCL-6, leading to
cell cycle arrest and apoptosis in B-cell lymphoma [28].

T-cell acute lymphoblastic leukemia (T-ALL) is a further
example in which, the recruitment of HDAC1 containing
repressor complexes by the overexpressed transcription
factor SCL-TAL1 appears to be involved in the development
of this leukemia. Translocation events resulting in the over-
expression of the transcription factor SCL/TAL-1 have been
found in up to 60% of cases in T-ALL [29]. SCL/TAL-1,
through the recruitment of HDAC1 containing repressor
complexes, interferes with the expression of genes important
for thymocyte differentiation and survival [30].

3. HISTONE DEACETYLASE INHIBITORS IN THE
TREATMENT OF HEMATOLOGICAL MALIGNAN-
CIES

HDACI can be subdivided on the basis of both their
chemical structure and selectivity profile. Regarding to the
chemical structures of the HDACI tested in clinical trials, it
is possible to identify cyclic peptides as FK228
(Romidepsin), benzamides as Entinostat (MS275) and
Mocetinostat (MGCD103) and several hydroxamic acids.
We report here the results of clinical studies on HDACI in
hematological malignancies.

Hydroxamic Acids
3.1. Vorinostat (SAHA)

Vorinostat (N-hydroxy-N'-phenyl-octanediamide,
formula C14H20N203) a member of the hydroxamic acid
class (Table 1), is a pan HDACs inhibitor. Indeed, it has
been shown that inhibits class | and Il HDACs, and causes
apoptosis and cell cycle arrest in leukaemia cell lines in vitro
[31-32].
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Table 1. Classification of HDACI
HDACI class Compounds Chemical structure Diseases Clinical References
Phase
Hydroxamic Vorinostat ¢ Cutaneous T-cell approved [36,37]
id N lymphoma (CTCL
acids (SAHA) N N OH ymphoma ( )
©/ o H Hodgkin/ I [39]
non-Hodking
lymphoma
Belinostat N 0 ¢ Refractory I [44,45]
<UL
(PXD101) ,S NN lymphoma
o NH
I
OH
Panobinostat o oH Cutaneous T-cell | [50]
(LBH589) N lymphoma (CTCL)
- N
Non-Hodking | [51]
lymphoma
|G
N
H
Cyclic Romidepsin |:| Cutaneous T-cell approved [57,58]
peptides (FK228) 0 lymphoma (CTCL)
CHs
CHs HN/Y Refractory I [59]
) 2(& s WM\# CTCL
HoC ™ s
3O A NH 2
HN™ TO
= _H
o W CH,
|l| o CH,
Benzamides Mocetinostat >N B-cell Lymphoma 1 [68]
(MGCDO0103) J\ (DLBCL) Follicular
NS
N N N NH, lymphoma (FL)
| H H
= N
N
6}
Entinostat 0 Relapsed or | [73]
(MS275, DX275) refractory Hodgkin
X N lymphoma
| H H
N__~ O\n/ N NH,
(6]

Several Phase | and Il trials have confirmed the good
safety profile, tolerability and single-agent activity of
Vorinostat in patients with hematological malignancies [33-
35]. Importantly, in a Phase Il study of Vorinostat given on
three different drug administration programs [400 mg once
daily or 300 mg twice daily 3 days/week, or 300 mg twice
daily for 14 days followed by a 7-day rest (induction)
followed by 200 mg twice daily], to patients with refractory
cutaneous T-cell lymphoma (CTCL), the response rate was
24%, showing that the 400 mg daily regimen had the most

favorable safety profile [34]. In addition, a second Phase Il
trial in progressive or refractory CTCL reported an objective
response rate of 30% [35]. In both studies, the most common
adverse events were fatigue, nausea, diarrhoea and
thrombocytopenia.

These studies led to the US Food and Drug
Administration (FDA) approval of Vorinostat in October
2006 for the treatment of cutaneous manifestations in
patients with CTCL who have progressive, persistent, or
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recurrent disease on or following two systemic therapies [36-
37].

Since Vorinostat has been shown to induce clinical
response in approximately 30% of patients with CTCL, it is
very interesting to clarify the mechanism of action of
Vorinostat in CTCL and to identify biomarkers predictive of
Vorinostat response in this cutaneous lymphoma. The signal
transducer and activator of transcription (STAT) signalling
pathway was evaluated in a related study, showing that
persistent activation of STAT1, STAT3, and STATS
correlates with resistance to Vorinostat in lymphoma cell
lines. Immunohistochemical analysis of STAT1 and
phosphorylated tyrosine STAT3 (pSTAT3) in skin biopsies
obtained from CTCL patients enrolled in the Vorinostat
phase IIb trial, showed that nuclear accumulation of STAT1
and high levels of nuclear pSTAT3 in malignant T cells
correlate with a lack of clinical response. These results
suggest that deregulation of STAT activity plays a role in
Vorinostat resistance in CTCL, and that strategies able to
block this pathway may improve Vorinostat response.
Furthermore, these findings may be of prognostic value in
predicting the response of CTCL patients to Vorinostat. [38].

Vorinostat was also tested both in Hodgkin and in non-
Hodgkin lymphoma patients [39]. In a Phase Il study, in
non-Hodgkin lymphoma (NHL), oral administration of
Vorinostat at a dose of 200 mg twice daily on days 1 through
14 of a 21-day cycle until progression or unacceptable
toxicity. The median number of Vorinostat cycles received
was nine. Vorinostat induced complete response in 4 patients
and partial response of the 17 patients enrolled with
relapsed/refractory follicular lymphoma (FL) in this study.
The drug was well-tolerated over long periods of treatment,
with the most common grade 3 adverse events being
thrombocytopenia, anemia, leucopenia, and fatigue.

Patients with relapsed or refractory leukemias or
myelodysplastic  syndromes (MDS) represent other
hematological malignancies in which Vorinostat has been
studied [40]. A phase 1 study was conducted to evaluate the
safety and activity of oral Vorinostat 100 to 300 mg twice or
thrice daily for 14 days followed by 1-week rest. Of 41
patients, 31 had acute myeloid leukemia (AML), 4 chronic
lymphocytic leukemia, 3 MDS, 2 acute lymphoblastic
leukemia, and 1 chronic myelocytic leukemia. The most
common toxicities were gastrointestinal (diarrhoea, nausea,
anorexia, and vomiting) and fatigue. There were no drug-
related deaths; only 7 patients had hematologic improvement
response, including 2 complete responses and 2 complete
responses with incomplete blood count recovery (all with
AML treated at/below MTD). Acetylation of histone H3 was
rapidly induced 2- to 3-fold in all patients evaluated
regardless of dose level or response.

3.2. Belinostat (PXD101)

Belinostat [(2E)-3-[3-(anilinosulfonyl)phenyl]-N-
hydroxyacrylamide, molecular formula C15H14N204S] is
hydroxamic acid derivative, with activity versus class | and
I histone deacetylases (Table 1) [41].

Belinostat anticancer effect is thought to be mediated
through multiple mechanisms of action, including inhibition
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of cell proliferation, induction of apoptosis, inhibition of
angiogenesis, and induction of differentiation [42-43]. The
compound has been shown to increase both the production of
tissue inhibitor of metalloproteinase-1 (TIMP-1) and p21
expression in prostate cancer and to decrease the expression
of potentially oncogenic proteins (mutant p53 and ERG)
[43].

A phase | trial, in which Belinostat was administered by
intravenous on days 1-5 in a cycle of 21 days in patients with
advanced hematological neoplasia, indicated an acceptable
safety profile [44]. The most common treatment-related
adverse events (all grades) were nausea (50%), vomiting
(31%), fatigue (31%) and flushing (31%). No grade 3 or 4
hematological toxicity compared with baseline occurred
except one case of grade 3 lymphopenia.

Another clinical trial in patients with relapsed/refractory
non-Hodgkin lymphoma (NHL) or Hodgkin's disease (HD),
in which Belinostat was administered by the oral route on
days 1-14 every 3 weeks, has reported an acceptable safety
profile [45].

Final Results of a Phase Il Trial of Belinostat (PXD101)
in patients with recurrent or refractory peripheral or
Cutaneous T-Cell Lymphoma, in wich Belinostat was
administered by intravenous on days 1-5 in a cycle of 21
days, showed a complete response in 24% in patients with
PTCL and 14 % in patients with CTCL [46]. Hematological
toxicity was minimal without any grade 4.

3.3. Panobinostat (LBH589)

Panobinostat [(2E)-N-hydroxy-3-[4-({[2-(2-methyl-1H-
indol-3-yl)ethyllamino}methyl)phenyl] acrylamide,
molecular formula C21H23N302] is an hydroxamate analog
with HDAC inhibitor (Table 1). The compound has been
shown to induce acetylation of H3 and H4 histones, to
increase p21 levels, to disrupt the chaperone function of
hsp90 and to induce cell-cycle G1 phase accumulation and
apoptosis of K562 cells and acute leukemia MV4-11 cells
[47].

Recently, LBH589 has been shown to induce apoptosis in
Adult T-cell leukemia/lymphoma (ATLL)-related cell lines
and primary ATLL cells and reduced the size of tumours
inoculated in SCID mice. LBH589 was able to activate an
intrinsic pathway through the activation of caspase-2.
Furthermore, small interfering RNA experiments targeting
caspase-2, caspase-9, RAIDD, p53-induced protein with a
death domain (PIDD) and RIPK1 (RIP) indicated that
activation of RAIDD is crucial and an event initiating this
pathway. Interestingly, LBH589 caused a marked decrease in
levels of factors involved in ATLL cell proliferation and
invasion such as CCR4, IL-2R and HTLV-1 HBZ-SI [48].

A phase | trial, in which Panobinostat was administered
by intravenous as a 30-minute infusion on days 1 to 7 of a
21-day cycle in patients with refractory hematologic
malignancies, induced asymptomatic grade 3 Fredericia
correction factor (QTcF) prolongations reported at the dose
of 14mg/m2. Others potentially Panobinostat-related
toxicities included nausea (40%), diarrhoea (33%), vomiting
(33%), hypokalemia (27%), loss of appetite (13%), and
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thrombocytopenia (13%) [49]. H3 acetylation increase was
significant in B-cells CD19" and blasts CD34".

Similar results were obtained in the phase | study, with
the “intravenous once a week” schedule in patients with non-
Hodgkin lymphoma [50]. This trial represent the first
evidence of Panobinostat clinical efficacy in CTCL and
PTCL.

A phase | trial of oral Panobinostat, given for 3 days
weekly on a 28-day cycle in patients with CTCL. This study
reported that two cutaneous T- cell lymphoma (CTCL)
patients achieved a complete response (5 and 7 months) and
4 CTCL patients attained a partial response (6.5, 8, 9 and
18+ months). The most common adverse events were
anorexia, hausea, fatigue, diarrhoea and transient
thrombocytopenia [51].

A phase |1 study of oral Panobinostat delivered for 3 days
weekly in patients with refractory CTCL has enrolled 95
patients to date, with 15 patients achieved a complete
response [52].

Preliminary results have been reported from a phase Il
study in which 38 patients with MM were treated with oral
Panobinostat 20 mg MWF with modest results [53]

Cyclic Peptides
3.4. Romidepsin (FK228, Depsipeptide)

Romidepsin is a novel, natural, bicyclic tetrapeptide
isolated from a broth culture of Chromobacterium violaceum
(molecular formula C24H36N406S2). Formerly named
FK228, Romidepsin bears the molecular structure of
depsipeptides, namely sequences of alternating amino- and
hydroxy-carboxylic acid residues. Romidepsin, (E)-
(1S,4S,10S,21R)-7[(2)-ethylideno]-4,21-diisopropyl-2-oxa-
12,13-dithia-5,8,20,23 tetraazabicyclo[8,7,6]-tricos-16-ene-
3,6,9,22-pentanone, (Table 1) needs to be metabolized in
cells to be active [54].

More investigations demonstrated that this agent also
effectively inhibits HDAC in human tumor cell lines and
inhibits predominately type | HDACs [55]. Subsequently, it
has been demonstrated that depsipeptide promotes apoptosis
in both primary CLL and AML tumor cells in vitro at a
concentration corresponding to that at which H3 and H4
acetylation and HDAC inhibition occurs [56].

However, similarly to other HDACI, an encouraging
response has been observed in CTCL and in November 2009
Romidepsin was approved for the treatment of CTCL
patients [57-58] for its tolerability and clinical efficacy in
this malignancy.

Very recently, results from a multicenter international
phase Il study confirmed the efficacy of Romidepsin in
patients with refractory cutaneous T-cell lymphoma (CTCL)
[59]. The study was conducted in patients with stage IB to
IVA CTCL who had received one or more prior systemic
therapies and the response was determined by a composite
assessment of total tumor burden including cutaneous
disease, lymph node involvement, and blood. The response
rate was 34% (primary end point), including six patients with
complete response (CR). Twenty-six out of 68 patients
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(38%) with advanced disease achieved a response, including
five CRs. The median time to response was 2 months
whereas the median duration of response was 15 months.
Drug-related adverse events were generally mild consisting
mainly of GI disturbances and asthenic conditions.
Nonspecific, reversible ECG changes were noted in some
patients. In conclusion, the study demonstrated that
Romidepsin has a significant and sustainable single-agent
activity (including improvement in pruritus) and an
acceptable safety profile, making it an important therapeutic
option for treatment refractory CTCL.

Romidepsin has been investigated in several clinical
trials involving patients with hematological malignancies
such as CTCL and PTCL, AML, MDS, and MM [60-61].

Ten patients with CLL and 10 patients with AML were
treated with 13 mg/m? depsipeptide intravenously days 1, 8,
and 15 of therapy. Neither life-threatening toxicities nor
cardiac toxicities were noted, although the majority of
patients experienced progressive fatigue, nausea, and other
constitutional symptoms that prevented repeated dosing.
Limited antitumor activity has been generally reported since
several patients had evidence of antitumor activity following
treatment, but no partial or complete responses were noted
by National Cancer Institute criteria [60].

Another clinical trial in patients with AML and MDS in
which Romidepsin was administered one to five cycles of
depsipeptide. The most common grade 3/4 toxicities were
febrile neutropenia/infection (five patients),
neutropenia/thrombocytopenia (nine patients), nausea (nine
patients), and asymptomatic hypophosphatemia (three
patients). No clinically significant cardiac toxicity was
observed. The best response of 11 assessed patients was one
complete remission in a patient with AML, stable disease in
six patients, and progression of disease in four patients.
Exploratory laboratory studies showed modest but rapid
increases in apoptosis and changes in myeloid maturation
marker expression. Histone H3 and H4 acetylation levels
were evaluated in five patients; no consistent changes were
observed [61].

Promising results have also been reported in phase I trial
in PTCL patients, after Romidepsin administration as single
agent [62]. Responses observed include 3 patients with CR
and 7 patients with partial responses, yielding an overall
response rate of 37%. Of note, responses were observed
independent of stage of disease.

In a phase Il Romidepsin trial in AML patients the anti-
leukemic activity was only reported in patients with
chromosomal aberrations encoding proteins known to recruit
HDACs. Moreover, it has been reported a limited duration of
the anti-leukemic activity probably due to the Romidepsin
induction of MDR1 [63].

Romidepsin has been shown to exhibit antiproliferative
and apoptotic effects against multiple myeloma cell lines. A
phase 11 trial was performed of Romidepsin in patients with
multiple myeloma who were refractory to standard therapy.
Treatment was comprised of Romidepsin given as a 4-hour
intravenous infusion on days 1, 8, and 15 every 28 days.
Although no patients had an objective response, 4 of 12
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patients with secretory myeloma exhibited evidence of M-
protein stabilization, and several other patients experienced
improvement in bone pain and resolution of hypercalcemia
[64].

Benzamides
3.5. Mocetinostat (MGCD0103)

Mocetinostat (N-(2-aminophenyl)-4-[[(4-pyridin-3-
ylpyrimidin-2-yl)amino]methyl]benzamide,  C23H20N60O)
(Table 1) is an orally aminophenylbenzamide that selectively
inhibits HDACs of class | and IV [65].

In B-cell chronic lymphocytic leukemia (CLL) cells from
32 patients, MGCDO0103 has been shown to decrease the
expression of Mcl-1, to induce translocation of Bax to the
mitochondria, mitochondrial depolarization, and release of
cytochrome c¢ in the cytosol. Moreover, MGCDO0103
treatment resulted in the activation of a caspase cascade
downstream of caspase-9 [66].

Mocetinostat was studied in patients with refractory
leukemia and myelodisplastic syndrome (MDS). Twenty-
nine patients with a median age of 62 years were enrolled at
planned dose levels (20, 40, and 80 mg/m?. In this phase |
study patients were treated with 3 times weekly schedule
without interruption. The maximum tolerated dose was
determined to be 60 mg/m? with dose-limiting toxicities
(DLTs) of fatigue, nausea, vomiting, and diarrhoea observed
at higher doses. Among the 29 patients evaluated for clinical
response, three patients on the study achieved a complete
bone marrow response at doses of 60 mg/m? and higher,
suggesting a possible dose response at these. Interestingly, in
the same study, Mocetinostat determined a dose dependent
inhibition of HDAC enzymatic activity in patients’ PBMCs
(Peripheral Blood Mononuclear Cell) [67].

A phase Il trial, in adults with relapsed or refractory
diffused large B-cell Lymphoma (DLBCL) or Follicular
Lymphoma (FL), demonstrated significant anti-cancer
activity with manageable side effect profile. The most
common toxicities were fatigue (14%), neutropenia (12%),
thrombocytopenia (10%), and anemia (6%) [68].

In the Hodgkin lymphoma trial, Mocetinostat
administration at the dose of 110 mg three times weekly, was
able to achieve partial or complete remissions in the 35% of
patients [69]. However this molecule has been removed by
the FDA because of several cases of pericardial effusion in
patients during the clinical trials. Beside the above reported
side effects, the molecule showed, in general, the cluster of
toxicities typical of other HDACI: gastrointestinal toxicity,
fatigue and thrombocytopenia.

A phase Il trial in Relapsed Follicular Lymphoma (FL),
Mocetinostat administration at the dose of 110 mg three
times weekly, showed that 19 patients (4.3%) with a
pericardial serious adverse event (SAE) [70].

3.6. Entinostat (MS275, SNDX275)

Entinostat [pyridin-3-ylmethyl({4-[(2-aminophenyl)
carbamoyl]phenyl}methyl)carbamate] (Table 1) is a
synthetic benzamide derivative that has been shown to
preferentially inhibit the class | HDACs [71].
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In vitro experiments with Entinostat demonstrated that
this HDAC inhibitor has a dual anti-proliferative mechanism
via down-regulation of XIAP and induction of apoptosis
[72]. Furthermore, Entinostat may modulate the immune
response by increasing interleukin-12, p40-70, 1P10, and
RANTES, and by decreasing the levels of IL-13 and IL-4,
thus favouring Thl-type cytokines and chemokines. In
addition, Entinostat induced the expression of a variety of
tumour-associated antigens, including SSX2 and MAGE-A
[72].

Clinical trial with this agent was first carried out in
patients with advanced acute leukemias. DLTs included
infections and neurologic toxicity such as unsteady gait and
somnolence. Other frequent DLTs were fatigue, anorexia,
nausea, vomiting, hypoalbuminemia, and hypocalcaemia
[73]. Moreover, treatment with MS-275 induced increase in
protein and histone H3/H4 acetylation, p21 expression, and
caspase-3 activation in bone marrow mononuclear cells [73].

On the basis of this encouraging data, the safety and
efficacy of Entinostat is currently being evaluated in a phase
Il multicenter study in patients with relapsed or refractory
Hodgkin lymphoma. In this study, Entinostat is given 10 mg
(two 5 mg tablets) orally, once every 2 weeks (days 1 and
15) in a 28-day cycle increasing to 15 mg in the absence of
treatment related toxicity.

5. CONCLUSIONS

The results obtained from the clinical trials conducted
with several HDACI in hematological malignancies indicate
a clear clinical utility of these drugs in pathologies such as
CTCL and PTCL.

Conversely, the clinical trials conducted in Hodgkin
lymphoma and AML, although promising, still do not
support the clinical utility of HDACI in these pathologies. In
particular, anti-leukemic activity, although limited in time,
was reported only in patients carrying translocation directly
involving HDACs in the pathogenesis. This supports the
concept of using HDACi in hematological malignancies
characterized by a clear implication of HDACs in the
development of leukemia.

The reason of the differential sensitivity between
hematologic malignancies remains unclear. We believe that
different reasons may explain these differences, such as the
different expression of single HDACs. Important issues have
still to be addressed, namely to verify the best profile of an
HDACI in terms of selectivity toxicity and anticancer
activity and to increase the data on the expression of
HDAC/s in different hematological malignancies and in
normal tissues.

Since some studies conducted during these trials showed
a possible mechanism of resistance to HDACi, we also
believe that identification of possible biomarkers could help
to predict better clinical responses as well as possible causes
of resistance.

Moreover, further studies will be needed to define
adequate choices of dose and schedule since recent data
indicate the importance of the individual optimization of
these two parameters.
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Finally, we think that a better use of HDACI for cancer
therapy will be necessary to clarify the role of HDACs in
both epigenetic and not epigenetic functions in order to
understand the role of the whole acetyloma.

REFERENCES

[1] Esteller, M. Cancer epigenomics: DNA methylomes and histone-
modification maps. Nat. Rev. Genet., 2007, 4, 286-98.

[2] Wang, G.G.; Allias, C.D. Chromating remodeling and cancer. Part
I. Covalent histone modifications. Trends Mol. Med., 2007, 13,
363-72.

[3] Yang, X.J.; Seto, E. The Rpd3/Hdal family of lysine deacetylases:
from bacteria and yeast to mice and men. Nat. Rev. Mol. Cell Biol.,
2008, 9, 206-218.

[4] Cang, S.; Ma, Y.; Liu, D. New clinical developments in histone
deacetylase inhibitors for epigenetic therapy of cancer. J. Hematol.
Oncol., 2009, 2, 22.

[5] Brosch, G.; Loidl, P.; Graessle, S. Histone modifications and
chromatin dynamics: a focus on filamentous fungi. FEMS
Microbiol. Rev., 2008, 32, 409-439.

[6] Gregoretti, 1.V.; Lee, Y.M.; Goodson, H.V. Molecular evolution of
the histone deacetylase family: functional implications of
phylogenetic analysis. J. Mol. Biol., 2004, 338, 17-31.

[7] Verdin, E.; Dequiedt. F.; Kasler, H.G. Class Il histone
deacetylases: versatile regulators. Trends Genet., 2003, 19, 286-93.

[8] Marks, P.; Rifkind, R.A.; Richon, V.M.; Breslow, R.; Miller, T.;
Kelly, W.K. Histone deacetylases and cancer: causes and therapies.
Nat. Rev. Cancer., 2001, 1, 194-202.

[9] Gao, L.; Cueto, M.A.; Asselbergs, F.; Atadja, P. Cloning and
functional characterization of HDACL11, a novel member of the
human histone deacetylase family. J. Biol. Chem., 2002, 277,
25748-55.

[10] Thiagalingam, S.; Cheng, K.H.; Lee, H.J.; Mineva, N,
Thiagalingam, A.; Ponte, J.F. Histone deacetylases: unique players
in shaping the epigenetic histone code. Ann. NY Acad. Sci., 2003,
983, 84-100.

[11] Glozak, M.A.; Sengupta, N.; Zhang, X.; Seto, E. Acetylation and
deacetylation of non-histone proteins. Gene, 2005; 363, 15-23.

[12] Singh, B.N.; Zhang, G.; Hwa, Y.L.; Li, J; Dowdy, S.C.; Jiang, S.W.
Nonhistone protein acetylation as cancer therapy targets. Expert
Rev. Anticancer Ther., 2010, 10, 935-54.

[13] Tabe, Y.; Jin, L.; Contractor, R.; Gold, D.; Ruvolo, P.; Radke, S.;
Xu, Y.; Tsutusmi-Ishii, Y.; Miyake, K.; Miyake, N.; Kondo, S.;
Ohsaka, A.; Nagaoka, |.; Andreeff, M.; Konopleva, M. Novel role
of HDAC inhibitors in AML1/ETO AML cells: activation of
apoptosis and phagocytosis through induction of annexin Al. Cell
Death Diff., 2007, 14, 1443-56.

[14] Petrella, A.; D’Acunto, W.; Rodriquez, M.; Festa, M.; Tosco, A;
Bruno, |.; Terracciano, S.; Taddei, M.; Gomez Paloma, L.; Parente,
L. Effects of FR235222, a novel HDAC inhibitor, in proliferation
and apoptosis of human leukemia cell lines: role of annexin Al.
Eur. J. Cancer, 2008, 44, 740-49.

[15] Mahlknecht, U.; Hoelzer, D. Histone acetylation modifiers in the
pathogenesis of malignant disease. Mol. Med., 2000, 6, 623-44.

[16] Cress, W.D.; Seto, E.; Histone deacetylases, transcriptional control,
and cancer. J. Cell Physiol., 2000, 184, 1-16.

[17] Prince, H.M.; Bishton, M.J.; Harrison, S.J. Clinical studies of
histone deacetylase inhibitors. Clin. Cancer Res., 2009, 15, 3958-
69.

[18] Redner, R.L.; Wang, J.; Liu, J.M. Chromatin remodeling and
leukemia: new therapeutic paradigms. Blood, 1999, 94, 417-28.

[19] Minucci, S.; Nervi, C.; Lo Coco, F.; Pelicci, P.G. Histone
deacetylases: a common molecular target for differentiation
treatment of acute myeloid leukemias? Oncogene, 2001, 20, 3110-
15.

[20] Minucci, S.; Pelicci, P.G. Retinoid receptors in health and disease:
co-regulators and the chromatin connection. Semin. Cell Dev. Biol.,
1999, 10, 215-25.

[21] Minucci, S.; Pelicci, P.G. Histone deacetylase inhibitors and the
promise of epigenetic (and more) treatments for cancer. Nat. Rev.
Cancer, 2006, 6, 38-51.

[22] Peterson, L.F.; Zhang, D.E. The 8;21 translocation in
leukemogenesis. Oncogene, 2004, 23, 4255-62.

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

Mini-Reviews in Medicinal Chemistry, 2011, Vol. 11, No. 6 525

Wang, J.; Hoshino, T.; Redner, R.L.; Kajigaya, S.; Liu, J.M.; ETO,
fusion partner in t(8;21) acute myeloid leukemia, represses
transcription by interaction with the human N-CoR/mSin3/HDAC1
complex. Proc. Natl. Acad Sci. USA., 1998, 95, 10860-65.

Liu, S.; Klisovic, R.B.; Vukosavljevic, T.; Yu, J.; Paschka, P.;
Huynh, L.; Pang, J.; Neviani, P.; Liu, Z.; Blum, W.; Chan, K.K.;
Perrotti, D.; Marcucci, G. Targeting AMLI1/ETO-histone
deacetylase repressor complex: a novel mechanism for valproic
acid-mediated gene expression and cellular differentiation in
AML1/ETO-positive acute myeloid leukemia cells. J. Pharmacol.
Exp. Ther., 2007, 321, 953-60.

Nebbioso, A.; Clarke, N.; Voltz, E.; Germain, E.; Ambrosino, C.;
Bontempo, P.; Alvarez, R.; Schiavone, EM.; Ferrara, F.; Bresciani,
F.; Weisz, A.; de Lera, A.R.; Gronemeyer, H.; Altucci, L. Tumor-
selective action of HDAC inhibitors involves TRAIL induction in
acute myeloid leukemia cells. Nat. Med., 2005, 11, 77-84.

Shaffer, A.L.; Rosenwald, A.; Staudt, L.M. Lymphoid
malignancies: the dark side of B-cell differentiation. Nat. Rev.
Immunol., 2002, 2, 920-32.

Lemercier, S.; Brocard, M.P.; Puvion-Dutilleul, F.; Kao, H.Y;
Albagli, O.; Khochbin, S. Class Il histone deacetylases are directly
recruited by BCL6 transcriptional repressor. J. Biol. Chem., 2002,
277, 22045-52.

Bereshchenko, O.R.; Gu, W.; Dalla-Favera, R. Acetylation
inactivates the transcriptional repressor BCL6. Nat. Genet., 2002,
32, 606-13.

Ferrando, A.A.; Herblot, S.; Palomero, T.; Hansen, M.; Hoang, T.;
Fox, E.A.; Look, A.T. Biallelic transcriptional activation of
oncogenic transcription factors in T-cell acute lymphoblastic
leukemia. Blood, 2004, 103, 1909-11.

O’Neil, J.; Shank, J.; Cusson, N.; Murre, C.; Kelliher, M.
TALL/SCL induces leukemia by inhibiting the transcriptional
activity of E47/ HEB. Cancer Cell, 2004, 5, 587-96.

Richon, V.M.; Emiliani, S.; Verdin, E.; Webb, Y.; Breslow, R.;
Rifkind, R.A.; Marks, P.A.; A class of hybrid polar inducers of
transformed cell differentiation inhibits histone deacetylases. Proc.
Natl. Acad. Sci. USA., 1998, 95, 3003-07.

Marks, P.A.; Richon, V.M.; Rifkind, R.A. Histone deacetylase
inhibitors: inducers of differentiation or apoptosis of transformed
cells. J. Natl. Cancer Inst., 2000, 92, 1210-16.

O'Connor, O.A.; Heaney, M.L.; Schwartz, L.; Richardson, S.;
Willim, R.; MacGregor-Cortelli, B.; Curly, T.; Moskowitz, C.;
Portlock, C.; Horwitz, S.; Zelenetz, A.D.; Frankel, S.; Richon, V;
Marks, P.; Kelly, W.K. Clinical experience with intravenous and
oral formulations of the novel histone deacetylase inhibitor
suberoylanilide hydroxamic acid in patients with advanced
hematologic malignancies. J. Clin. Oncol., 2006, 24, 166-73.
Duvic, M.; Talpur, R.; Ni, X.; Zhang, C.; Hazarika, P.; Kelly, C.;
Chiao, J.H.; Reilly, J.F.; Ricker, J.L.; Richon, V.M.; Frankel, S.R.
Phase 2 trial of oral Vorinostat (suberoylanilide hydroxamic acid,
SAHA) for refractory cutaneous T-cell lymphoma (CTCL). Blood,
2007, 109, 31-9.

Olsen, E.A.; Kim, Y.H.; Kuzel, T.M.; Pacheco, T.R; Foss, F.M.;
Parker, S.; Frankel, S.R.; Chen, C.; Ricker, J.L.; Arduino, J.M.;
Duvic, M. Phase 11B multicenter trial of Vorinostat in patients with
persistent, progressive, or treatment refractory cutaneous T-cell
lymphoma. J. Clin. Oncol., 2007, 25, 3109-15.

Duvic, M.; Vu, J. Vorinostat: a new oral histone deacetylase
inhibitor approved for cutaneous T-cell lymphoma. Expert. Opin.
Investig. Drugs, 2007, 16, 1111-20.

Mann, B.S.; Johnson, J.R.; Cohen, M.H.; Justice, R.; Pazdur, R.;
FDA approval summary: Vorinostat for treatment of advanced
primary cutaneous T-cell lymphoma. Oncologist, 2007, 12, 1247-
52.

Fantin, V.R.; Loboda, A.; Paweletz, C.P.; Hendrickson, R.C,;
Pierce, J.W.; Roth, J.A. Constitutive activation of signal
transducers and activators of transcription predicts Vorinostat
resistance in cutaneous T-cell lymphoma. Cancer Res., 2008, 68,
3785-94.

Kirschbaum, M.H.; Frankel, P.; Popplewell, L.; Zain, J.;
Delioukina, M.L.; Pullarkat, V.; Matsuoka, D.; Pulone, B.; Rotter,
A.J.; Espinoza-Delgado, I.; Nademanee, A.; Forman, S.J.; Gandara,
D.; Newman, E. A phase 2 study of Vorinostat (suberoylanilide
hydroxamic acid, SAHA) in relapsed or refractory indolent non



526 Mini-Reviews in Medicinal Chemistry, 2011, Vol. 11, No. 6

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

Hodgkin lymphoma and Mantle Cell Lymphoma. J. Clin. Oncol.,
2011, 29, 1198-203.

Garcia-Manero, G.; Yang, H.; Bueso-Ramos, C.; Ferrajoli, A,
Cortes, J.; Wierda, W.G.; Faderl, S.; Koller, C.; Morris, G.; Rosner,
G.; Loboda, A.; Fantin, V.R.; Randolph, S.S.; Hardwick, J.S;
Reilly, J.F.; Chen, C.; Ricker, J.L.; Secrist, J.P.; Richon, V.M.;
Frankel, S.R.; Kantarjian, H.M. Phase 1 study of the histone
deacetylase inhibitor Vorinostat (suberoylanilide hydroxamic acid
[SAHA]) in patients with advanced leukemias and myelodysplastic
syndromes. Blood, 2008, 111, 1060-66.

Gimsing, P. Belinostat: a new broad acting antineoplastic histone
deacetylase inhibitor. Expert Opin. Investig. Drugs, 2009, 18, 501-
8.

Kapoor, S. Inhibition of HDAC6-dependent carcinogenesis:
emerging, new therapeutic options besides belinostat. Int. J.
Cancer, 2009, 124, 509.

Qian, X.; Ara, G.; Mills, E.; LaRochelle, W.J.; Lichenstein, H.S.;
Jeffers, M. Activity of the histone deacetylase inhibitor belinostat
(PXD101) in preclinical models of prostate cancer. Int. J. Cancer,
2008, 122, 1400-10.

Gimsing, P.; Hansen, M.; Knudsen, L.M.; Knoblauch, P.;
Christensen, 1.J.; Ooi, C.E.; Buhl-Jensen, P.; A phase I clinical trial
of the histone deacetylase inhibitor belinostat in patients with
advanced hematological neoplasia. Eur. J. Haematol., 2008, 81,
1706.

Zain, J.M.; Foss, F.; Kelly, W.K.; DeBono, J.; Petrylak, D.;
Narwal, A.; Neylon, E.; Blumenschein, G.; Lassen, U.; O'Connor,
O. A. Final results of a phase | study of oral belinostat (PXD101) in
patients with lymphoma. J. Clin. Oncol., (ASCO annual meeting),
2009, 27:15s (Suppl) [Abstract 8580].

Pohlman, B.; Advani, R.; Duvic, M, Hymes, KB,
Intragumtornchai, T.; Lekhakula, A.; Shpilberg, O.; Lerner, A,;
Ben-Yehuda, D.; beylot-Barry, M.; Hillen, U.; Fagerberga, J.; Foss,
F.M. ‘Final Results of a Phase Il Trial of Belinostat (PXD101) in
Patients with Recurrent or Refractory Peripheral or Cutaneous T-
Cell Lymphoma. 51% ASH Annual Meeting and Exposition, 2009
[Abstract 920]

George, P.; Bali, P.; Annavarapu, S.; Scuto, A.; Fiskus, W.; Guo,
F.; Sigua, C.; Sondarva, G.; Moscinski, L.; Atadja, P.; Bhalla, K.
Combination of the histone deacetylase inhibitor LBH589 and the
hsp90 inhibitor 17-AAG is highly active against human CML-BC
cells and AML cells with activating mutation of FLT-3. Blood,
2005, 105, 1768-76.

Hasegawa, H.; Yamada, Y.; Tsukasaki, K.; Mori, N.; Tsuruda, K.;
Sasaki, D.; Usui, T.; Osaka, A.; Atogami, S.; Ishikawa, C;
Machijima, Y.; Sawada, S.; Hayashi, T.; Miyazaki, Y.; Kamihira,
S. LBH589, a deacetylase inhibitor, induces apoptosis in adult T-
cell leukemia/lymphoma cells via activation of a novel RAIDD-
caspase-2 pathway. Leukemia, 2011, 25, 575-87.

Giles, F.; Fischer, T.; Cortes, J.; Garcia-Manero, G.; Beck, J;
Ravandi, F.; Masson, E.; Rae, P.; Laird, G.; Sharma, S.; Kantarjian,
H.; Dugan, M.; Albitar, M.; Bhalla, K. A phase | study of
intravenous LBH589, a novel cinnamic hydroxamic acid analogue
histone deacetylase inhibitor, in patients with refractory
hematologic malignancies. Clin. Cancer Res., 2006, 12, 4628-35.
Sharma, S.; Vogelzang, N.J.; Beck, J.; Patnaik, A.; Mita, M,;
Dugan, M.; Hwang, A.; Masson, Culver, K.W.; Prince, H. Phase |
pharmacokinetic (PK) and pharmacodynamic (PD) study of
LBH589, a novel deacetylase (DAC) inhibitor given intravenously
on a new once weekly schedule. J. Clin. Oncol., 2007, 25,
18S(June(Suppl)) [14019].

Prince, H.M.; George, D.J.; Patnaik, A.; Mita, N.; Dugan, M;
Butterfoss, D.; Masson, E.; Culver, K:V; Burris, H. A.; Beck, J.
Phase study of oral LBH589, a novel deacetylase (DAC) inhibitor
in advanced solid tumors and Non-Hodgkin’s lymphoma J. Clin.
Oncol., 2007, 25 [Abstract 3500].

Duvic, M.; Becker, J.C.; Dalle, S.; Vanaclocha, F.; Bernengo,
M.G.; Lebbe, C.; Dummer, R.; Hirawat, S.; Zhang, L.; Marshood,
M.; et al. Phase Il Trial of Oral Panobinostat (LBH589) in Patients
with Refractory Cutaneous T-Cell Lymphoma (CTCL). ASH Ann.
Meet., 2008, 112, 1005.

Wolf, J.L.; Siegel, D.; Matous, J.; Lonial, S.; Goldschmidt, H.;
Schmitt, S.; Vij, R.; De Malgalhaes-Silverman, M.; Abonour, R.;
Jalaluddin, M.; Li M.; Hazell, K.; Bourquelot, P.M.; Mateos, M.V.;
Anderson, K.C.: Spencer, A.; Harousseau, J.L.; Bladé' J.A. Phase Il

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

Petrella et al.

Study of Oral Panobinostat (LBH589) in Adult Patients with
Advanced Refractory Multiple Myeloma. ASH Annual Meeting.,
2008, 112, 2774.

Konstantinopoulos, P.A.; Vandoros, G.P.; Papavassiliou, A.;
G.FK228 (Depsipeptide): a HDAC inhibitor with pleiotropic
antitumor activities. Cancer Chemother. Pharmacol., 2006, 58,
711-15.

Furumai, R.; Matsuyama, A.; Kobashi, N.; Lee, K.H.; Nishiyama,
M.; Nakajima, H.; Tanaka, A.; Komatsu, Y.; Nishino, N.; Yoshida,
M.; Horinouchi, S. FK228 (depsipeptide) as a natural prodrug that
inhibits class | histone deacetylases. Cancer Res., 2002, 62, 4916-
21.

Aron, J.L.; Parthun, M.R.; Marcucci, G.; Kitada, S.; Mone, A.P.;
Davis, M.E.; Shen, T.; Murphy, T.; Wickham, J.; Kanakry, C.;
Lucas, D.M.; Reed, J.C.; Grever, M.R.; Byrd, J.C. Depsipeptide
(FR901228) induces histone acetylation and inhibition of histone
deacetylase in chronic lymphocytic leukemia cells concurrent with
activation of caspase 8-mediated apoptosis and down-regulation of
c-FLIP protein. Blood, 2003, 102, 652-58

Kim, Y.; Whittaker, S.; Demierre, M.F.; Rook, A.H.; Lerner, A.;
Duvic, M.; et al.; Clinically significant responses achieved with
Romidepsin in treatment-refractory cutaneous T-cell lymphoma:
final results from a phase 2B, International, Multicenter,
Registration Study. Blood (ASH annual meeting abstracts), 2008,
112 [Abstract 263].

Bates, S.; Piekarz, R.; Wright, J.; Frye, R.; Figg, Sr. W.D.; Allen,
A.L.; et al.; Final clinical results of a phase 2 NCI multicenter
study of Romidepsin in recurrent cutaneous T-cell lymphoma
(molecular analyses included). Blood (ASH annual meeting
abstracts), 2008, 112 [Abstract 1568].

Whittaker, S.J.; Demierre, M.F.; Kim, E.J.; Rook, A.H.; Lerner, A,;
Duvic, M.; Scarisbrick, J.; Reddy, S.; Robak, T.; Becker, J.C.;
Samtsov, A.; McCulloch, W.; Kim, Y.H.; Final Results From a
Multicenter, International, Pivotal Study of Romidepsin in
Refractory Cutaneous T-Cell Lymphoma. J. Clin. Oncol., 2010,
8(29):4485-91.

Byrd, J.C.; Marcucci, G.; Parthun, M.R.; Xiao, J.J.; Klisovic, R.B.;
Moran, M.; Lin, T.S.; Liu, S.; Sklenar, A.R.; Davis, M.E.; Lucas,
D.M.; Fischer, B.; Shank. R.; Tejaswi, S.L.; Binkley, P.; Wright, J.;
Chan, K.K.; Grever, M.R. A phase 1 and pharmacodynamic study
of Depsipeptide (FK228) in chronic lymphocytic leukemia and
acute myeloid leukemia. Blood, 2005, 105, 959-67.

Klimek, V.M.; Fircanis, S.; Maslak, P.; Guernah, I.; Baum, M.;
Wu, N.; Panageas, K.; Wright, J.J.; Pandolfi, P.P.; Nimer, S.D.
Tolerability, pharmacodynamics, and pharmacokinetics studies of
Depsipeptide (Romidepsin) in patients with acute myelogenous
leukemia or advanced myelodysplastic syndromes. Clin. Cancer
Res., 2008, 14, 826-32.

Piekarz, R.; Wright, J.; Frye, R.; Allen, S.L.; Craig, M.; Geskin, L.;
Results of a phase 2 NCI multicenter study of Romidepsin in
patients with relapsed peripheral T-cell lymphoma (PTCL). Blood
(ASH annual meeting abstracts), 2008, 112, 1567.

Odenike, O.M.; Alkan, S.; Sher, D.; Godwin, J.E.; Huo, D.; Brandt,
S.J.; Green, M.; Xie, J.; Zhang, Y.; Vesole, D.H.; Stiff, P.; Wright,
J.; Larson, R.A.; Stock, W. Histone deacetylase inhibitor
Romidepsin has differential activity in core binding factor acute
myeloid leukemia. Clin. Cancer Res., 2008, 14, 7095-101.
Niesvizky, R.; Ely, S.; Mark, T.; Aggarwal, S.; Gabrilove, J.L.;
Wright, J.J.; Chen-Kiang, S,.; Sparano, J.A. Phase 2 trial of the
histone deacetylase inhibitor romidepsin for the treatment of
refractory multiple myeloma. Cancer, 2011, 117, 336-42.

Fournel, M.; Bonfils, C.; Hou, Y.; Yan, P.T.; Trachy-Bourget,
M.C.; Kalita, A.; Liu, J.; Lu, A.H.; Zhou, N.Z.; Robert, M.F.;
Gillespie, J.; Wang, J.J.; Ste-Croix, H.; Rahil, J.; Lefebvre, S,;
Moradei, O.; Delorme, D.; Macleod, A.R.; Besterman, J.M.; Li, Z.
MGCDO0103, a novel isotype-selective histone deacetylase
inhibitor, has broad spectrum antitumor activity in vitro and in vivo.
Mol. Cancer Ther., 2008, 7, 759-68.

El-Khoury, V.; Moussay, E.; Janji, B.; Palissot, V.; Aouali, N.;
Brons, N.H.; Van Moer, K.; Pierson, S.; Van Dyck, E.; Berchem,
G. The histone deacetylase inhibitor MGCDO0103 induces apoptosis
in B-cell chronic lymphocytic leukemia cells through a
mitochondria-mediated caspase activation cascade. Mol. Cancer
Ther., 2010, 9, 1349-60



Histone Deacetylase Inhibitors in the Treatment

[67]

[68]

[69]

[70]

Garcia-Manero, G.; Assouline, S.; Cortes, J.; Estrov, Z,;
Kantarjian, H.; Yang, H.; Newsome, WM.; Miller, W.H. Jr,
Rousseau, C.; Kalita, A.; Bonfils, C.; Dubay, M.; Patterson, T.A;
Li, Z.; Besterman, J.M.; Reid, G.; Laille, E.; Martell, R.E.; Minden,
M. Phase 1 study of theoralisotype specific histone deacetylase
inhibitor MGCDO0103 in leukemia. Blood, 2008, 112, 981-89.
Bociek, R.G.; Kuruvilla, J.; Pro, B.; Wedgwood, A.; Li, Z.; Drouin,
M.; Patterson, T.; Ward, R.; Martell, R.E.; Younes, A. Isotype
selective histone deacetylase (HDAC) inhibitor MGCD0103
demonstrates clinical activity and safety in patients with
relapsed/refractory classical Hodgkin lymphoma (HL). J. Clin.
Oncol., 2008, 26, [Abstract 8507].

Stimson, L.; Wood, V.; Khan, O.; Fotheringham, S.; La Thangue
NB. HDAC inhibitor based therapies and haematological
malignancy. Ann. Oncol., 2009, 20, 1293-302.

Martell, R.E.; Younes, A.; Assouline, S.E.; Rizzieri, D.; Fox S.;
Drouin, M.A.; Wilhelm, J.; Mehran, M.; Besterman J.M.; Van Der
Jagt, R.C.H. Phase 2 Study of MGCDO0103 in Patients with

[71]

[72]

[73]

Mini-Reviews in Medicinal Chemistry, 2011, Vol. 11, No. 6 527

Relapsed Follicular Lymphoma (FL): Study reinitiation and Update
of Clinical Efficacy and Safety. J. Clin. Oncol., (ASCO annual
meeting 2010), 2010, [Abstract ID 8086].

Hess-Stumppk, H.; Bracker, T.U.; Henderson, D.; Politz, O. MS-
275, a potent orally available inhibitor of histone deacetylases-the
development of an anticancer agent. Int. J. Biochem. Cell Biol.,
2007, 39, 1388-405.

Khaskhely, N.M.; Buglio, D.; Shafer, J.; Bollard, C.M.; Younes, A.
The histone deacetylase (HDAC) inhibitor entinostat (SNDX-275)
targets hodgkin lymphoma through a dual mechanism of immune
modulation and apoptosis induction. ASH Annual Meeting
Abstracts., 2009, 114, 1562.

Gojo, I.; Jiemjit, A.; Trepel, J.B.; Sparreboom, A.; Figg, W.D.;
Rollins, S.; Tidwell, M.L.; Greer, J.; Chung, E.J.; Lee, M.J.; Gore,
S.D; Sausville, E.A.; Zwiebel, J.; Karp, JE. Phase 1 and
pharmacologic study of MS-275, a histone deacetylase inhibitor, in
adults with refractory and relapsed acute leukemias. Blood, 2007,
109, 2781-90.

Received: November 04, 2010

Revised: April 29, 2011

Accepted: May 04, 2011





