April 2008

www.clinicaladvances.com Volume 6, Issue 4, Supplement 8

Histone Deacetylase
Inhibitors in the Treatment
of Multiple Myeloma

A Review of Selected Presentations
from the 2007 Annual Meeting of
the American Society of Hematology

With expert commentary by:
H. Miles Prince, MD
Haematology Service

Peter MacCallum Cancer Centre
University of Melbourne
Melbourne, Australia

Supported through an educational grant from

Gloucester Pharmaceuticals.



ABSTRACTS REVIEW

Histone Deacetylase Inhibitors in
the Treatment of Multiple Myeloma

A Review of Selected Presentations from the 2007 Annual Meeting

of the American Society of Hematology

1167 Safety and Efficacy of the
Combination of Bortezomib with the
Deacetylase Inhibitor Romidepsin in
Patients with Relapsed or Refractory
Multiple Myeloma: Preliminary Results
of a Phase | Trial

HM Prince, H Quach, P Neeson, M Keegan,
M Copeman, S Peinert, M Bishton, M Wolf,
D Ritchie, JF Seymour, D Carney,

D Westerman, S Harrison

Researchers from the Peter MacCallum Cancer Centre in
Melbourne, Australia, investigated the safety and efficacy
of a combination of the proteasome inhibitor bortezomib
and the histone deacetylase (HDAC) inhibitor romidep-
sin (depsipeptide) in patients with relapsed or refractory
multiple myeloma.! Bortezomib is currently approved
by the US Food and Drug Administration (FDA) in
combination with dexamethasone for the treatment of
relapsed multiple myeloma, based on results from the
Assessment of Proteasome Inhibition for Extending
Remissions (APEX) trial.? Bortezomib acts by directly
targeting myeloma cells and their interaction with the
bone marrow microenvironment. Yu and colleagues
reported synergistic activity between bortezomib and

HDAC inhibitors, which induced apoptosis in BCR/ABL-

positive cells both sensitive and resistant to the tyrosine
kinase inhibitor imatinib.> Combinations of bortezomib
and the HDAC inhibitors sodium butyrate and suberoyl-
anilide hydroxamic acid (SAHA, vorinostat) were then
investigated by Pei and associates in preclinical research
that demonstrated synergistic activity between the two
classes of drugs in human multiple myeloma cells.* Cells
preincubated with a subtoxic concentration of bortezo-
mib markedly sensitized cells to sodium butyrate— and
vorinostat-induced mitochondrial dysfunction, caspase
9, 8, and 3 activation, and poly(ADP-ribose) polymerase
degradation, resulting in synergistic induction of apopto-
sis. It was noted that the combination was markedly lethal
in primary CD138-positive, but not in CD138-negative,
bone marrow cells taken from patients with multiple
myeloma. Romidepsin, an HDAC inhibitor, was demon-
strated to induce apoptosis in a myeloma cell line and pri-
mary patient myeloma cells by Khan and coworkers.” In
a phase II trial, romidepsin administered as a single agent
for treatment of aggressively relapsed multiple myeloma
stabilized tumor masses in 9 of 12 patients after the first
4-week treatment cycle.® Furthermore, Sutheesophon
and colleagues demonstrated that romidepsin-induced
apoptosis and mitochondrial translocation of Bax were
markedly enhanced by bortezomib in human myeloid
leukemic cell lines.”

Based on these findings, the Australian researchers
initiated a phase I/II open-label, single-center, single-

Included in Index Medicus/PubMed/Medline

Disclaimer

Funding for this Abstracts Review has been provided through an educational grant from Gloucester Pharmaceuticals. Support of this mono-

graph does not imply the supporter’s agreement with the views expressed herein. Every effort has been made to ensure that drug usage and

other information are presented accurately; however, the ultimate responsibility rests with the prescribing physician. Millennium Medical

Publishing, Inc., the supporters, and the participants shall not be held responsible for errors or for any consequences arising from the use of

information contained herein. Readers are strongly urged to consult any relevant primary literature. No claims or endorsements are made for

any drug or compound at present under clinical investigation.

©2008 Millennium Medical Publishing, Inc. 611 Broadway, Suite 310, New York, NY 10012. Printed in the USA. All rights reserved,

including the right of reproduction, in whole or in part, in any form.

Clinical Advances in Hematology & Oncology Volume 6, Issue 4, Supplement 8 April 2008




arm, dose-escalation trial of bortezomib, dexametha-
sone, and romidepsin in patients with relapsed or refrac-
tory multiple myeloma; early results were presented at
the 2007 annual meeting of the American Society of
Hematology (ASH). Eight patients who had previously
received a median of two therapies—either bortezomib
(n=1), vincristine-containing therapy (n=3), or thalido-
mide (n=4)—received bortezomib 1.3 mg/m? on days 1,
4, 8, and 11 and dexamethasone 20 mg on days 1, 2, 4,
5, 8,9, 11, and 12. Administration of romidepsin was
commenced at 8 mg/m? intravenously on days 1, 8, and
15 of a 28-day cycle, and involved an initial accelerated
dose-escalation phase with intrapatient dose escalation.
Seven patients were evaluable at the time of presenta-
tion for response and toxicity. The researchers assessed
response according to M-protein response criteria, with
complete responses (CRs) documented by EBMT (Euro-
pean Group for Blood and Marrow Transplantation)
criteria. Dose-limiting toxicities (DLTs) were defined as
platelets below 25 3 10°/L; grade 4 neutropenia despite
support granulocyte colony-stimulating factor; grade 3
or 4 nausea, emesis, or diarrhea despite treatment; any
other grade 3 or 4 nonhematologic toxicity; or a greater
than 4-week suspension of treatment due to toxicity. No
DLTs were observed in patients who received romidepsin
doses of 8 mg (n=1) or 10 mg (n=3). At doses of 12 mg,
three episodes of grade 4 thrombocytopenia and one
episode of febrile neutropenia occurred. The researchers
noted that 2 of the patients with grade 4 thrombocyto-
penia had platelet counts below 100 3 10°/L prior to
commencing the combination (the minimum require-
ment at inclusion was 50 3 10°/L). Additional drug-
related toxicities observed were grade 3 fatigue (n=1),
neutropenia (n=1), and sepsis (n=1) and grade 2 fatigue
(n=1), peripheral neuropathy (n=2), nausea (n=1), and
diarrhea (n=1). Two patients required a bortezomib dose
reduction because of peripheral neuropathy (coadminis-
tered with 12 mg/m? romidepsin).

As of August 2007 the median number of cycles
delivered was three and a total of 3 patients had pro-
gressed—?2 patients after cycle 1 and 1 patient after cycle
4. One immunofixation-negative CR, 3 partial responses
(PRs), and 1 minor response were observed, for an
overall response rate of 71%. Five of 8 patients remain
on the combination therapy. The researchers concluded
that these early findings demonstrate efficacy for this
HDAC inhibitor/proteasome inhibitor combination in
patients with multiple myeloma, with a promising res-
ponse rate, some durable responses, and acceptable toxic-
ity. Patient accrual continues at the doses of bortezomib
1.3 mg/m? dexamethasone 20 mg, and romidepsin
10 mg/m? however, future modifications to the schedul-
ing of the regimen are planned in order to address dose-
limiting transient thrombocytopenia.

HISTONE DEACETYLASE INHIBITORS IN THE TREATMENT OF MULTIPLE MYELOMA

1168 Phase | Trial of Suberoylanilide
Hydroxamic Acid + Bortezomib in
Relapsed Multiple Myeloma Patients®

A Badros, S Philip, R Niesvizky, O Goloubeva,
C Harris, ] Zweibel, ] Wright, A Burger, S Grant,
M R Baer, M J Egorin

The HDAC inhibitor vorinostat is indicated for the treat-
ment of cutaneous manifestations of T-cell lymphoma in
patients with progressive, persistent, or recurrent disease
on or following two systemic therapies. Vorinostat, like
other HDAC inhibitors, achieves its therapeutic effect
by inducing cell cycle arrest and apoptosis. The effect
of vorinostat on cell lines and patient cells from B-cell
malignancies, including multiple myeloma, was first
demonstrated by Mitsiades and associates,” who showed
that vorinostat induced apoptosis in all tumor cells tested.
In addition, vorinostat sensitized MM.1S cells to death
receptor—mediated apoptosis and inhibited the secretion
of interleukin 6 (IL-6) by bone marrow stromal cells
induced by binding of multiple myeloma cells, suggest-
ing that it can overcome cell adhesion—-mediated drug
resistance. Pei and colleagues built upon this research
by combining bortezomib and vorinostat preclinically.”
Badros and coworkers further noted that vorinostat affects
cell growth by modifying the transcription of cellular pro-
teins such as histones, transcription factors, E3 ubiquitin
ligases, and stress response proteins such as heat-shock
protein 90 (HSP90).® This phase I study was designed to
determine the maximum tolerated dose, pharmacokinet-
ics, pharmacodynamics, and level of activity of vorinostat
plus bortezomib in patients with relapsed or refractory
multiple myeloma.

At the time of the ASH annual meeting, 21 heavily
pretreated patients (median age, 55 years; range, 38-79)
had been treated. The median time from diagnosis of mul-
tiple myeloma to entry on the study was 5.3 years (range,
1.5-15 years). Patients had received a median of six prior
regimens (range, 3-10), including tandem stem cell
transplantations (n=11), single stem cell transplantations
(n=8), thalidomide (n=21), and lenalidomide (n=14).
Additionally, 19 patients had received a median of two
prior bortezomib-based regimens (range, 1-5); of these
patients, 14 progressed on their last bortezomib-based
therapy. Overall, 19 patients’ disease progressed on their
most recent therapy, with a median of 20 days (range,
15-39 days) between their last therapy and study entry.
Only 2 patients were in first relapse on thalidomide main-
tenance. The patients’ isotypes included IgG (n=10), IgA
(n=5), light chain (n=4), and nonsecretory (n=2). Twelve
patients exhibited complex karyotypes.

The study design included five 3-patient cohorts
administered bortezomib and vorinostat at escalating dose
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levels (Table 1). Two DLTs were observed in the vorino-
stat 500 mg cohort (grade 4 prolonged QT interval and
grade 4 fatigue). Several grade 3/4 toxicities were observed
after cycle 2, including myelosuppression requiring trans-
fusional and growth-factor support. Grade 2 or higher
nonhematologic toxicities included fatigue (n=5), diar-
thea (n=3), atrial fibrillation (n=1), shingles (n=1), and
pneumonia (n=2, bacterial and viral).

Sixteen patients were evaluable for response; 1 near
CR and 7 PRs were observed, for an overall response rate
of 50%. Six patients had stable disease and 3 had pro-
gressive disease. At last follow-up, 3 patients remained in
remission, 9 exhibited progressive disease, and 5 had died.
Dexamethasone was administered to 4 patients in cycle
2, but there was no associated improvement in response.
The maximum tolerated dose of vorinostat was 400 mg
daily for 8 days in combination with bortezomib 1.3
mg/m? administered on days 1, 4, 8, and 11. Based on the
responses observed, particularly in bortezomib-refractory
patients, the authors recommended that the combination
regimen be further evaluated in the phase II setting.

1172 Phase | Trial of Oral Vorinostat
(Suberoylanilide Hydroxamic Acid, SAHA)
in Combination with Bortezomib in Patients
with Advanced Multiple Myeloma'

D M Weber, S Jagannath, A Mazumder,

R Sobecks, G J Schiller, M Gavino, C Sumbler,
C McFadden, C Chen, J L Ricker, S Rizvi,

C Oerth, P Brownell, M A Hussein

Another phase I dose-escalation trial of vorinostat com-
bined with bortezomib was reported at the 2007 ASH
annual meeting by Weber and colleagues.'® In compari-
son to the study by Badros and coworkers,® this study
demonstrated less activity for vorinostat. A maximum
tolerated dose had not yet been established at the time
of presentation.

In this trial, which enrolled 20 patients (median age,
61 years; range, 52—76 years), vorinostat was administered
orally in combination with intravenous bortezomib in
21-day cycles, for a maximum of eight cycles until pro-
gressive disease or intolerable toxicity (Table 1). Patients
with active relapsed or refractory multiple myeloma who
had not received bortezomib in the preceding 3 months
were eligible; Eastern Cooperative Oncology Group per-
formance status 0-2 and adequate hematologic, hepatic,
and renal function were further entry requirements. The
patients had received a median of three prior systemic
therapies (range, 1-14), and 4 patients had previously
received bortezomib-based therapy.

As of July 1, 2007, 20 patients had been enrolled, 18
of whom had received at least one dose and were evaluable
for safety. One patient in cohort 3 experienced a DLT
(transient aspartate aminotransferase [AST] elevation).
The most common drug-related toxicities (all grades) were
nausea (56%), thrombocytopenia (50%), diarrhea (39%),
vomiting (39%), fatigue (39%), and anemia (22%).
Grade 3 drug-related adverse events were thrombocyto-
penia (33%, none associated with bleeding), peripheral
neuropathy (11%), neutropenia (11%, none febrile),
diarrhea (6%), diverticulitis (6%), fatigue (6%), increased
AST (6%), memory changes (6%), nausea (6%), vomit-
ing (6%), and upper respiratory infection (6%). Eight
patients discontinued treatment from the study due to
progressive disease (n=3), fatigue (n=2), nausea (n=2),
and diverticulitis (n=1). Among 17 patients evaluable
for efficacy, all had measurable response or stable disease:
4 experienced a PR, 2 showed a minimal response, and
11 had stable disease. Among 3 evaluable patients pre-
viously treated with bortezomib, 1 achieved a PR and 1
achieved a minimal response. The study by Badros and
associates® demonstrated greater activity even though its
patient population was more heavily pretreated, including
with a greater number of prior bortezomib-based thera-
pies. However, 12 patients received the maximal dose of
bortezomib (1.3 mg/m?) in the Badros study versus
3 patients in the Weber study. Nonetheless, like Badros
and coworkers, Weber and colleagues concluded that the
combination of vorinostat and bortezomib is well toler-
ated and eflicacious in heavily pretreated patients with
relapsed/refractory multiple myeloma.

1175 A Phase Il Multiple Dose Clinical
Trial of Histone Deacetylase Inhibitor
ITF2357 in Patients with Relapsed

or Progressive Multiple Myeloma:
Preliminary Results'

M Galli, S Salmoiraghi, ] Golay, A Gozzini,
A Bosi, C Crippa, G Rossi, N Pescosta,
S Cortelazzo, A Sechi, T Oldoni

ITF2357, an oral hydroxamate HDAC inhibitor, has
been shown to reduce proinflammatory cytokine produc-
tion in primary cells in vitro and exhibit anti-inflam-
matory effects in vivo at nonapoptotic concentrations.'
Researchers investigated the activity of ITF2357 on mul-
tiple myeloma and acute myeloid leukemia (AML) cells in
vitro and in vivo."> The drug was found to induce apop-
tosis and cell death in both multiple myeloma and AML
cells. It was noted that ITF2357 was strongly cytotoxic
in an IL-6-dependent multiple myeloma cell line, and
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Table 1. Dose Levels and Responses in Two Phase I Studies of Bortezomib Plus Vorinostat

Badyos et al* Weber et al
No. No.
Bortezomib, | Vorinostat, | of Bortezomib, | Vorinostat, of
Cohort mg/m? mg cycles | Response | Cohort mg/m?* mg cycles | Response
. S 75 o . 3,3, SD 32,
1 1.0 100 bid 5 SD 33 1 0.7 200 bid 14 D
|56 | SDPR . .| 45 | sD32,
2 1.3 100 bid 3 PD 2 0.9 200 bid 6 D
2,3, SD 33,
3 13 200 bid 8’83’ ;’SP& 3 0.9° 400 daily | 5,6, | MR,PD
’ 6,6 32
4 1.3 400 daily | > | SD-ID. 4 L1 ey | 2 SD 34,
' Y o3 PR : Y MR
. 7,1, PR, NE, " . 1,8
5 1.3 500 daily | | B 5 1.3 400 daily | |7, | NE33
Maximum 4,3, B 5;3,ftoo Maximum
tolerated 1.3 400 daily | 2,1, cary for tolerated — — — —
evaluation
dose 1,1 33 dose

*Bortezomib administered on days 1, 4, 8, and 11 of a 21-day cycle; vorinostat administered on days 4-11. Patients received 8 cycles.

Dexamethasone was added for nonresponders, cycle 2.
Days 4, 8, 11, and 15.
‘Days 1, 4, 8, and 11.

MR=minimal response; NE=not evaluable; PD=progressive disease; PR=partial response; SD=stable disease; VGPR=very good partial response.

the drug inhibited production of growth and angiogenic
factors by bone marrow stromal cells, in particular IL-6
and vascular endothelial growth factor. Results of one pre-
clinical study comparing the cytotoxic effects of ITF2357
versus vorinostat in human myeloma cell lines and freshly
isolated multiple myeloma samples have been reported.'
ITF2357 was found to be 2- to 10-fold more potent
than vorinostat. It exhibited strong cytotoxic activity in
7 of 9 multiple myeloma cell lines and induced apoptosis
starting at 24 hours (but was best measured at 48 hours).
Parallel to the findings in cultured multiple myeloma
cell lines, ITF2357 demonstrated more potent cytotoxic
activity compared with vorinostat against freshly isolated
purified multiple myeloma samples at both 24 and 48
hours of culture.

Galli and colleagues reported preliminary results
from a phase II dose-finding study assessing ITF2357 in
patients with relapsed or progressive multiple myeloma."!
Fifteen patients (age 52-77 years) with multiple myel-
oma who had received at least two different lines of
therapy were enrolled in the study. ITF2357 was admin-

istered every 12 hours for 4 consecutive days followed by
3 days of rest every week during the first cycle (ie, first
4 weeks); concomitant oral dexamethasone (up to 20 mg)
was administered every week. The first 6 patients received
ITF2357 at a dose of 150 mg every 12 hours for 4 con-
secutive days per week. Two of these patients experienced
grade 3 diarrhea during the first cycle and, as a result,
the subsequent 9 patients received a reduced ITF2357
dose of 100 mg every 12 hours with the same schedule.
None of these 9 patients of experienced a DLT during
the first cycle of treatment. The median duration of treat-
ment was 7 weeks (range, 2 [n=1] to 12 [n=5] weeks).
Grade 2 or higher thrombocytopenia was the most com-
mon side effect (n=11), and grade 4 thrombocytopenia
occurred in 4 patients. Grade 3/4 gastrointestinal toxicity
was observed in 4 patients. No grade 4 neutropenia was
observed. Three patients experienced four serious adverse
events: pneumonia (n=1), severe deterioration of gen-
eral condition requiring hospitalization (n=1), and both
events (n=1). Two months after completing the 12 weeks
of treatment 1 patient developed atrial fibrillation that
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required therapy. Two other patients experienced tran-
sient electrocardiogram abnormalities that did not require
hospitalization or therapy.

The researchers reported 1 PR, 4 patients with stable
disease, and 10 patients with disease progression. At last
follow-up, 6 patients remain alive (3 with stable disease
and 3 with disease progression). Nine patients died due
to progressive disease. ITF2357 was considered tolerable
when administered orally at the dose of 100 mg every 12
hours for 4 consecutive days per week, but the researchers
noted that this agent given as monotherapy is unlikely
to have significant therapeutic effects in patients with
advanced multiple myeloma. However, some evidence of
antimyeloma activity was observed in a group of patients
with deteriorated clinical conditions and advanced dis-
ease. As a result, they recommend that further clinical
investigation of ITF2357 in combination with other
drugs active against multiple myeloma be initiated.

1179 Final Results of a Phase | Trial

of Oral Vorinostat (Suberoylanilide
Hydroxamic Acid, SAHA) in Patients with
Advanced Multiple Myeloma'

PG Richardson, CS Mitsiades, K Colson, E Reilly,
L McBride, J Chiao, L Sun, J Ricker, S Rizvi,
C Oerth, B Atkins, | Fearen, KC Anderson, DS Siegel

O’Connor and colleagues have reported on clinical expe-
rience with intravenous and oral formulations of single-
agent vorinostat in patients with advanced hematologic
malignancies, including multiple myeloma.'® With the
oral formulation, the following major adverse events were
observed: fatigue, diarrhea, anorexia, and dehydration;
with the intravenous formulation, myelosuppression
and thrombocytopenia were observed. The hematologic
toxicities tended to resolve shortly after vorinostat admin-
istration ceased. No febrile neutropenia or neutropenic
sepsis was observed. Five patients demonstrated measur-
able reduction in tumor cells, but none of these patients
had multiple myeloma.

Based on such reports, Richardson and colleagues
conducted a phase I trial of single-agent oral vorinostat
in 13 patients with measurable, relapsed and/or refractory
multiple myeloma who exhibited adequate hematologic,
hepatic, and renal function.” Vorinostat was admin-
istered at twice-daily doses of 200, 250, or 300 mg for
5 days each week of a 4-week cycle or 200, 300, or
400 mg for 14 days of a 3-week cycle until progressive dis-
ease or intolerable toxicity was observed. The objectives of
the study were to determine the maximum tolerated dose
on each of the schedules and assess activity and safety. The
patients’ median age was 63 years and they had received

a median of seven prior systemic therapies. One patient
(250 mg bid 5 days/week) developed a DLT of grade 3
fatigue. There were no other DLTs and the maximum
administered doses were 250 mg twice daily for 5 days
each week of a 4-week cycle and 200 mg twice daily for
14 days of a 3-week cycle. The researchers observed mostly
grade 2 drug-related adverse events, including fatigue
(69%), anorexia (62%), dehydration (46%), diarrhea
(46%), and nausea (38%). Of 10 evaluable patients, 1
exhibited a minimal response and 9 had stable disease. The
researchers concluded that vorinostat administered orally
was generally well tolerated at 250 mg twice daily for
5 days each week of a 4-week cycle or 200 mg twice daily
for 14 days of a 3-week cycle. As a result of the modest
activity seen, further research is warranted of combinations
of vorinostat with other antimyeloma agents. It was noted
that the maximum tolerated dose was not determined
because the study was terminated early by the sponsor.

Commentary

H. Miles Prince, MD

Haematology Service, Peter MacCallum Cancer
Centre, University of Melbourne, Australia

HDAC inhibitors are a new class of chemotherapeutic
agents shown to have potent anticancer activities in pre-
clinical studies, which are currently in various stages of
clinical development for a variety of malignancies.!” Early
clinical studies showed substantial activity in relapsed
and refractory cutaneous T-cell lymphoma (CTCL),
resulting in vorinostat becoming the first HDAC inhibi-
tor approved for this indication by the FDA.

Increased acetylation of specific residues in histones
H3 and H4 by HDAC inhibitors is associated with open
and active chromatin and increased mRNA transcrip-
tion. The exact final pathways that lead to the anticancer
effects observed in various tumor types remain to be
fully elucidated; however, there is clear evidence that key
activities of HDAC inhibitors include 1) induction of
tumor cell apoptosis and suppression of cell proliferation
by activation of cell cycle checkpoints at G /S or G,/M;
2) induction of cellular differentiation; 3) suppression
of angiogenesis; and 4) enhancement of host immune
surveillance. Induction of apoptosis by HDAC inhibitors
has been linked to alterations in gene expression result-
ing in upregulation of proapoptotic (Bax, Bak, Bim, TP2,
Apaf-1, Trail, DR4, DR5, Bmfj and downregulation of
antiapoptotic (Bcl2, Bel-XL, XIAP, survivin, Akt, c-FLID
c-RAE MCL-1) genes.'™* Moreover, HDAC inhibitors
can induce a cell cycle checkpoint at the G1/S transition
through transcriptional activation of CDKNIA encoding
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the cyclin-dependent kinase inhibitor p21WAF1/CIR*
Furthermore, the molecular basis of anticancer effects of
HDAC inhibitors may go beyond inhibition of histone
acetylation. A growing list of nonhistone targets—involved
in the regulation of cell proliferation, cell death, and
cell migration—have been identified, including p53,
Ku70, a-tubulin, and HSP90. Thus acetylation-depen-
dent changes in the activities of such proteins may play an
equally important role in mediating the anticancer effects
of HDAC inhibitors.!?*?3

There are several HDAC inhibitor families divided
by their chemical structure, which vary in their ability to
inhibit the various classes of histone deacetylases. These
compounds have demonstrated in vivo and in vitro activ-
ity against both hematologic and nonhematologic malig-
nancies, either alone or in combination with traditional
chemotherapeutic agents."”

Various investigators have demonstrated that, as
single agents, HDAC inhibitors have activity against
multiple myeloma cells in vitro, inducing growth arrest
and apoptosis in both cell lines and primary patient
cells in a dose-dependent manner.>**-2¢ This process
is associated with downregulation of BCL-2, BCL-XL,
and MCL-1, upregulation of p2I and p53, with these
effects seemingly IL-6-independent. Subsequently, sev-
eral groups have studied HDAC inhibitors preclinically
with the proteasome inhibitor bortezomib, demonstrat-
ing that this combination synergistically induces apopto-
sis, mitochondrial injury, radical oxygen species genera-
tion, and oxidative injury in multiple myeloma cells.*”?
In addition, inhibition of aggresome formation (a key
escape mechanism for malignant plasma-cell survival fol-
lowing bortezomib therapy) appears to be crucial. When
the proteasome is inhibited by bortezomib, aggregates of
misfolded proteins are directed along acetylated a-tubu-
lin fibrils toward a single perinuclear region, forming an
aggresome. This process allows the cell to survive and
requires tubulin deacetylase activity. Catley and associates
have demonstrated that panobinostat (LBH589) induces
a-tubulin hyperactylation.”” Thus, when panobinostat is
administered with bortezomib, hyperacetylated a-tubulin
forms bundles, with diminished aggresome formation,
and the cell undergoes apoptosis. Moreover, Kawaguchi
and colleagues have demonstrated that HDACS6, a mic-
rotubule-associated deacetylase, is a component of the
aggresome and has the capacity to bind both polyubig-
uitinated misfolded proteins and dynein motors, thereby
acting to recruit misfolded protein cargo to dynein
motors for transport to aggresomes.”® Cells deficient in
HDACG fail to clear misfolded protein aggregates from
the cytoplasm, cannot form aggresomes properly, and are
rendered hypersensitive to the accumulation of misfolded
proteins. Of note, HDAC inhibitors and bortezomib have
been shown to interact synergistically in CD138-positive

HISTONE DEACETYLASE INHIBITORS IN THE TREATMENT OF MULTIPLE MYELOMA

primary human bone marrow multiple myeloma but not
in their normal CD138-negative counterparts, indicating
that the toxicity may be differential between malignant
and normal cells.

The first clinical trial of HDAC inhibition specifi-
cally in myeloma patients was by Niesvizky and cowork-
ers, using the cyclic peptide romidepsin (depsipeptide).®
In this phase II trial, romidepsin was well tolerated,
with fatigue, nausea, and transient thrombocytopenia
being the major adverse events. Twelve patients were
treated at the same dose used successfully to treat CTCL
and peripheral T-cell lymphoma: 14 mg/m? adminis-
tered intravenously on days 1, 8, and 15 of a 28-day
cycle.” Patients were generally heavily pretreated, with
an average of three prior lines of therapy (range, 2-4)
and a mean disease duration of 6.25 years (range, 2-9
years). In this trial, using a stringent response criteria,
2 patients were withdrawn after the first cycle with stable
disease. Six patients progressed during the first two
cycles and 4 patients remained stable after 2-7 cycles.
There were no PRs observed, although minor response
criteria (eg, 25-50% reduction in paraprotein) was not
used in this trial. Of note, although stable disease was
the best response, rapidly increasing paraprotein levels
were generally observed during the prior treatment, with
plateauing of the paraprotein with romidepsin therapy.

The second trial of an HDAC inhibitor alone, this
time with vorinostat, was presented by Richardson and
colleagues at the ASH Meeting in December 2007 and
recently published in full.?® In the published manuscript,
Richardson et al reported on 13 patients with multiple
myeloma treated with vorinostat in a dose-escalating
phase I design. The study was prematurely terminated
because of sponsor withdrawal, and the maximum toler-
ated dose was not determined. Of note, the dose intensity
administered in the various cohorts was somewhat lower
than that generally used for the treatment of CTCL
(400 mg/day continuous dosing).

ITF2357 is an orally effective member of the
hydroxamic family of HDAC inhibitors with in vivo
activity against multiple myeloma cells.'? Galli and asso-
ciates described their phase II experience whereby they
administered 150 mg or 100 mg of ITF2357 every 12
hours for four consecutive days followed by three days of
rest every week of a 28-day cycle.!! Up to 12 weeks of
treatment with ITF2357 was scheduled. Concomitant
oral dexamethasone was given at a maximum dose of
20 mg every week. Sixteen multiple myeloma patients with
amedian of three prior therapies (range, 2-8) were treated.
Four patients achieved stable disease and 1 had a PR. The
most common grade 3 or 4 toxicities were gastrointestinal
side effects, neutropenia, and thrombocytopenia.

Panobinostat (LBH589), another orally available
hydroxamic acid derivative, is also currently being evalu-

Clinical Advances in Hematology & Oncology Volume 6, Issue 4, Supplement 8 April 2008

7



8

ABSTRACTS REVIEW

ated in phase I and II studies in multiple myeloma. In
an ongoing phase I study of 7 evaluable patients treated
to date, 3 heavily pretreated patients have had stable
disease, with improvements in constitutional symptoms
and plateauing of the monoclonal protein observed
(personal communication, A. Spencer, Alfred Hospital,
Melbourne, Australia).?!

What is clear from the above studies is that the
HDAC inhibitors are well tolerated and their side-effect
profile is such that they appear suitable for combina-
tion therapy, allowing targeting of multiple biologic
pathways and mechanisms. Consequently, investigators
are now examining the combination of HDAC inhibi-
tors—romidepsin' and vorinostat®'*—with bortezomib
in clinical trials. These studies are still immature but
do demonstrate that such combinations are tolerable
with near maximum single-agent doses of both drugs
deliverable, with promising response rates. It is also of
interest that there are now preclinical data showing that
the combination of bortezomib and HDAC inhibitors
is synergistic in other hematologic malignancies such as
chronic lymphocytic leukemia.*

Clearly, HDAC inhibitors have activity in myeloma.
Given the preclinical demonstration of synergism with
bortezomib and the recent evidence that the two drugs
can be combined with acceptable toxicity, larger trials will
likely be initiated to determine if these preclinical find-
ings translate into a clinical benefit. Finally, combination
therapy of HDAC inhibitors with standard chemothera-
peutic, agents such as liposomal doxorubicin and melpha-
lan,* and with lenalidomide,* have been demonstrated,
and so other combinations with HDAC inhibitors with
or without bortezomib warrant testing in the clinic.
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