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Background: Panobinostat is a new agent for the treatment of relapsed and refractory multiple
myeloma (rrMM) as part of a combination regimen. This article presents an overview of the
mechanism of action, pharmacokinetics, safety, efficacy, patient care strategies, and role of
the agent in treating rrMM patients.

Results: Panobinostat belongs to the class of drugs known as histone deacetylase inhibitors, and
has high activity against Class I, II, and IV nonhistone deacetylases and histone deacetylases. It
represents the first of its class to receive approval for use in MM, and received priority review
and orphan drug status in both US and Europe, when used in combination with bortezomib and
dexamethasone in the treatment of rrMM. Approval of panobinostat was based on subgroup
analysis of Phase III data obtained in the PANORAMA trial program for evaluation of the
combination of panobinostat, bortezomib, and dexamethasone. Additional clinical trials have
continued to explore optimal dosing regimens and novel combination regimens to further clarify
the optimal role of panobinostat in the arsenal of drugs for rMM. Panobinostat has shown a
manageable safety profile characterized primarily by hematologic toxicities (thrombocytopenia,
neutropenia, lymphopenia, and anemia), gastrointestinal toxicities, notably diarrhea and nausea,
as well as fatigue/asthenia, electrolyte abnormalities, and less commonly cardiac toxicities.
Conclusion: Panobinostat represents an important addition to the treatment armamentarium
for patients with rrMM, and studies are underway evaluating its optimal dosing strategy and
role in combination with other drugs used to treat this patient population.
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Introduction
Multiple myeloma (MM) is a plasma cell malignancy' and is the second most prevalent
form of hematologic cancer in the US.? In 2012, there was an incidence of 62,469 cases
(0.8%), with 43,091 deaths attributed to MM worldwide.* MM is characterized by the
proliferation of plasmocytomas and subsequent production of monoclonal immunoglobu-
lin (M protein). In symptomatic MM, M proteins are present in the blood or urine and
result in the classic tetrad of “CRAB” symptoms (Calcium elevation, Renal dysfunction,
Anemia, and Bone destruction), manifestations of end-organ damage from deposition
of M proteins in tissues.* Patients are ultimately diagnosed based on an elevated serum
M protein level (greater than 3 g/dL) and elevated plasma cells in the marrow.>¢
There have been significant advancements in diagnosis and treatment of MM in
the last decades, and new classes and combinations of drugs, including proteasome
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inhibitors and immunomodulatory drugs (IMiDs), have led
to increased survival of patients.” Current frontline thera-
pies for newly diagnosed MM patients have improved the
prognosis and extended their lifetime. Nonetheless, MM
remains incurable, as nearly all patients eventually become
refractory to treatment and relapse.®” While salvage treat-
ments exist, relapsed or refractory MM (rtMM) patients may
not respond to therapy or may be unable to tolerate therapy
due to toxicities.®>'? This circumstance highlights the need
for continued research for drugs with novel mechanisms of
action and for new combinations of drugs with improved
outcomes and safety profiles.

Panobinostat (PAN; Farydak®, LBH589 Novartis Pharma-
ceuticals Corporation East Hanover, NJ, USA) is a member
of the histone deacetylase inhibitor (HDAC:I) class of drugs,
which has shown positive results in the MM population.
PAN was approved by the US Food and Drug Administration
(FDA) in February 2015 and by the European Commission in
September 2015 based on Phase 111 subgroup analysis for use
in combination therapy in the rrMM patients who had received
at least two prior lines of therapy. This review focuses on the
pharmacology and pharmacokinetic profile of PAN and clini-
cal evidence to date, and highlights future research regarding
the ultimate place of PAN in treatment of MM.

Mechanism of action

Histone acetyltransferases and histone deacetylases (HDACs)
are the enzymes involved in the regulation of transcription
within the cell.!! Histone acetylation plays a significant role
in neoplasm proliferation, especially in regulation of cell
cycle checkpoints, apoptosis, and cell differentiation."" The
HDAUC:s are a class of drugs that inhibit the actions of the
HDAC enzyme, ultimately allowing normal cellular control
of regulatory mechanisms. In this way, HDACis promote
normal immune function to decrease malignant plasma cell
proliferation.

Excess histone deacetylation has downstream effects
which alter gene expression through a number of mecha-
nisms. Transcriptional machinery is unable to access DNA
when chromatin is condensed secondary to the removal of
acetyl groups on core histones.!'? This action may decrease the
expression of tumor suppressor genes. In addition, specific
DNA residues may be deacetylated, altering the binding of
transcription factors. This may enhance or repress DNA
transcription altogether.!? Finally, HDACs are important in
the regulation of chaperone proteins for other intracellular
signaling pathways.'* Some key cellular proteins implicated
include p53, o-tubulin, and heat-shock protein 90. These
proteins also play a role in the tumorigenesis of MM.

There are four classes of HDAC (I, 11, III, and IV). The
classes differ in tissue expression, localization, and protein
targets.!! Several HDACis have been developed and are in
varying stages of clinical trials. As a class, the HDACis
affect the expression of genes and contribute to the regulation
of cancer cell survival via a number of mechanisms. Most
HDACis arrest the cell cycle at G1'* and induce apoptosis by
upregulation of many proapoptotic proteins and downregu-
lation of antiapoptotic proteins such as Bcl-2." In addition,
HDAC:s have a number of direct and indirect effects that
contribute to oxidative damage to cellular DNA. They
cause delays in mitosis by overcoming the spindle assembly
checkpoint.'® HDAC:s also inhibit heat-shock protein 90, a
cellular chaperone required for proteins involved in intracel-
lular signaling (Raf, Her2/neu, ERK, nuclear factor kappa-
light-chain-enhancer of activated B cells [NF-xB])."” They
exhibit antiangiogenic effects and induce autophagy.'¢

Similar to other malignant cells, myeloma cells undergo
epigenetic changes.'® Specific epigenetic modifications to
histones can modulate the gene expression by changing the
accessibility of DNA by numerous posttranslational modi-
fications, often to the histone tails.'® These changes impact
expression of the genotype, which has downstream effects on
tumorigenesis.'? One such epigenetic change is regulation of
acetylation of histone lysine residues by histone acetyltrans-
ferases and HDACs within myeloma cells. Hypoacetylation
of histones has been observed in many cancers and is often
due to overexpression of HDAC."

Many of these mechanisms also lend to direct synergy
in the treatment of malignancy when used in combination,
particularly with corticosteroids or proteasome inhibitors.
Combination therapy increases the activity of the HDACi
in MM.?® Several possible mechanisms for this synergy
exist due to the variability of HDACi targets and potency
of different agents. Inhibition of proteasomes leads to the
accumulation of various proteins. Proteasome inhibition in
combination with aggresome inhibition by HDACis leads to
significant cellular accumulation of proteins and hyperacety-
lation of tubulin, leading to apoptosis.!”?

Proteasome inhibition is also important in the regula-
tion of transcription factor, NF-xB, which is constitutively
active in myeloma. When NF-xB translocates into the
nucleus, it promotes cell survival with the transcription of
various genes such as proinflammatory cytokines and anti-
apoptotic proteins such as Bcl-2.2! Inactivation of NF-kB
by deacetylase inhibition and proteasome inhibition result
in synergistic apoptotic activity. Finally, as previously
described, inhibition of HDAC allows for the expression of
numerous tumor suppressor genes. Combination therapy with
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a proteasome inhibitor allows for a decreased breakdown of
tumor suppressor proteins.

Preclinical data

PAN is a cinnamic hydroxamic acid HDACi with highly
potent inhibitory activity for Class I, II, and IV nonhistone
deacetylases and HDAC.? Preclinical studies have found that
PAN and other HDAC:is have strong antimyeloma activity.?
Much of this antitumor effect relates to modifications to
intracellular activity that alter the tumor cell interactions with
its microenvironment. Specifically, PAN has been noted to
affect a number of apoptotic actions in cancer cells, including
upregulation of the tumor suppressor gene p21, leading to cell
cycle arrest and apoptosis and interruption of the signaling
pathway between the myeloma cells and the microenvironment
which comprises the bone marrow stromal cells and extracel-
lular matrix.* Many key cytokines responsible for myeloma
cell survival and proliferation are impacted by HDAC inhi-
bition, including interleukin-6, vascular endothelial growth
factor, and NF-xB. Lastly, proteasome overload occurs after
a multistep pathway including inhibition of the aggresome
protein pathway and the hyperacetylation of o-tubulin.*

Pharmacokinetics
PAN is administered orally and has been formulated in cap-
sules containing the lactate salt. PAN is slightly soluble in
water, with the highest solubility in an acidic environment
(pH 3.0).% The absolute bioavailability is 21%. Plasma
concentrations (Maximum concentration [Cmax] and area
under the curve 0—48 hour) were decreased when adminis-
tered 30 minutes after a high-fat meal. PAN undergoes rapid
absorption, with peak concentrations noted within 2 hours
of oral administration, and exhibits linear pharmacokinet-
ics when administered in doses of 10-30 mg. PAN plasma
protein binding is approximately 90% and is concentration
independent. It is also extensively metabolized by hepatic
reduction, hydrolysis, oxidation, and glucuronidation path-
ways. Metabolism by cytochrome P450 (CYP)3A4 is respon-
sible for 40% of PAN elimination. Other minor pathways
include CYP2D6, CYP2C19,UGT1A1, UGT1A3,UGT1A7,
UGT1AS8, UGT1A9, and UGT2B4. PAN elimination is pri-
marily fecal, with 29%—-51% excreted in the urine. Less than
6% of the dose is eliminated as unchanged drug via either of
these processes. The terminal half-life of PAN is 37 hours.
However, significant interpatient variability is expected; up
to twofold accumulation of PAN was seen in patients with
advanced disease following chronic oral administration.
No dose adjustment is required for renal impairment.
PAN is not recommended in severe hepatic dysfunction,

but doses should be decreased for mild/moderate liver
dysfunction. Fatal cases of gastrointestinal (GI) and pulmo-
nary hemorrhage have been reported. Hepatotoxicity has also
been reported, and liver function testing is recommended.
There are currently no contraindications.

Clinical trials
A summary of the clinical trials conducted with PAN is given
in Table 1.

PAN as monotherapy

CLBHS589B2102 (NCT00621244) was a Phase Ia/Il dose-
escalation trial of oral PAN conducted in 176 patients
with hematologic malignancies, including 12 patients with
rrMM.? Two dose-escalation regimens were evaluated
(three times per week given weekly or biweekly); PAN
doses ranged from 20 to 80 mg. The recommended Phase II
dose for MM was 40 mg given weekly, and the maximum
tolerated dose (MTD) was PAN 60 mg given biweekly. One
rrMM patient had a partial response. Adverse events (AEs)
were consistent with those seen in other trials, including GI
and hematologic AEs. Overall, this trial demonstrated safety
and informed dosing for the subsequent monotherapy and
combination therapy.

A Phase II trial (CLBH589B2203, NCT00445068)
conducted by Wolf et al?’” evaluated PAN as monotherapy
in 38 patients with refractory MM using PAN 20 mg dose
administered three times a week given weekly in 21-day
cycles. Patients had received at least two prior lines of therapy
including both an IMiD (thalidomide or lenalidomide) and
bortezomib. Overall activity was deemed modest, with one
partial response and one minimal response, both with good
durability (19 and 28 months, respectively), but the trial was
closed due to insufficient efficacy. Over 80% of patients
reported GI AEs, the majority of which were grades 1-2.
Hematologic AEs were the most common grade 3—4 events,
and included neutropenia, thrombocytopenia, and anemia.
Fatigue was also noted in 26% of patients.

PAN in combination with bortezomib

and dexamethasone

While early trials failed to show sufficient activity of PAN
monotherapy in the rTMM population, the toxicity profile was
deemed manageable and dosing regimens were confirmed.
Preclinical studies had indicated potential synergy of HDACis
with bortezomib and dexamethasone with in vitro MM cell
lines, and coupled with monotherapy dosing and safety data,
formed the basis of the combination trials used for eventual
accelerated approval of the combination regimen.?-+28
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Table | Summary of clinical trials of panobinostat in relapsed or relapsed/refractory multiple myeloma

NCT number  Title Phase Drugs Status® References

NCT00532675 Safety study of LBH589 when given in combination | Panobinostat, lenalidomide, Active, not 41
with lenalidomide and dexamethasone in adult dexamethasone recruiting
patients with multiple myeloma

NCTO01301807 Carfilzomib plus panobinostat in relapsed/ | Panobinostat, carfilzomib Recruiting 37
refractory multiple myeloma (MM)

NCTO01549431 A Phase | study of the combination of | Panobinostat, carfilzomib Active, not 38
panobinostat and carfilzomib in patients with recruiting
relapsed and/or refractory multiple myeloma

NCTO01965353 A Phase | study of panobinostat/lenalidomide/ | Panobinostat, lenalidomide, Recruiting 43
bortezomib/dex for relapsed and relapsed/ bortezomib, dexamethasone
refractory multiple myeloma (PanRVD)

NCT02057640 MLN9708 (Ixazomib) in combination with | Panobinostat, ixazomib, Suspended 36
panobinostat and dexamethasone in multiple dexamethasone
myeloma

NCT00532389 Phase Ib study of panobinostat and bortezomib Ib Panobinostat, bortezomib Completed 29
in relapsed or relapsed and refractory
multiple myeloma

NCTO0062 1244 A study of oral LBH589 in adult patients with il Panobinostat Completed 26
advanced hematological malignancies

NCTO00918333 Panobinostat and everolimus in treating patients I Panobinostat, everolimus Active, not 47
with recurrent multiple myeloma, non-Hodgkin recruiting
lymphoma, or Hodgkin lymphoma

NCTO01496118 Study of the combination of panobinostat and 1 Panobinostat, carfilzomib Active, not 39,40
carfilzomib in patients with relapsed/refractory recruiting
multiple myeloma

NCTO02145715 Velcade, thalidomide, dexamethasone and ] Panobinostat, thalidomide, Active, not 45, 46
panobinostat treatment and panobinostat bortezomib, dexamethasone  recruiting
maintenance in multiple myeloma (MUKsix)

NCT00445068 A Phase Il study of oral LBH589 in adult patients Il Panobinostat Terminated 27
with multiple myeloma who have received at least
two prior lines of therapy and whose disease is
refractory to the most recent line of therapy

NCT01083602 Efficacy of panobinostat in patients with relapsed Il Panobinostat, bortezomib, Completed 32
and bortezomib-refractory multiple myeloma dexamethasone
(MACSI271)

NCTO01651039 Phase Il, single-center, oral panobinostat ] Panobinostat, lenalidomide, Active, not 42
in combination with lenalidomide and dexamethasone recruiting
dexamethasone in multiple myeloma

NCT02506959 Panobinostat combined with high-dose I Panobinostat + busulfan- Recruiting 49
gemcitabine/busulfan/melphalan with autologous based conditioning regimen
stem cell transplant for patients with
refractory/relapsed myeloma

NCTO01023308 Panobinostat or placebo with bortezomib and ] Panobinostat, bortezomib, Completed 31, 33-35
dexamethasone in patients with relapsed multiple dexamethasone
myeloma (PANORAMA |[)

NCT02568943 An expanded treatment protocol of panobinostat Expanded Panobinostat, bortezomib, Recruiting 51
in combination therapy for relapsed, and relapsed access dexamethasone

and refractory multiple myeloma

Note: *The trial status on the access date of the clinicaltrials.gov site.

Early phase trials

A Phase Ib trial (CLBH589B2207, NCT00532389) was con-
ducted to determine the MTD of PAN in combination with
bortezomib and dexamethasone (PAN-BTZ-DEX).” In this
trial, rTMM patients (n=62) were treated in dose escalation
and expansion phases. In the dose-escalation phase, patients

(n=47) received PAN starting at 10 mg three times a week
given weekly, in combination with bortezomib starting at
1 mg/m? two times a week (days 1, 4, 8, and 11 of a 21-day
cycle), with or without dexamethasone 20 mg on the days of
and after bortezomib doses. In the dose-expansion portion,
patients (n=15) received a regimen of PAN 20 mg three times
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per week for weeks 1 and 2, bortezomib 1.3 mg/m?* two times
per week (days 1, 4, 8, and 11), and dexamethasone 20 mg
on the days of and after bortezomib doses given in 21-day
cycles.

Overall response rate (ORR) in the escalation phase
was 45% in all patients and 53% in those who received the
final MTD of the combination. At least a very good partial
response was achieved in 20% of patients. Median duration
of the response was 138 days. The ORR in the expansion
phase was 73% (26% for bortezomib-refractory patients),
and the median duration of response was 159 days. Similar
to previous monotherapy studies, grade 3 or 4 AEs included
thrombocytopenia (85.1%), neutropenia (63.8%), and asthe-
nia (29.8%) in the escalation phase, and thrombocytopenia
(66.7%), neutropenia (46.7%), and fatigue (20.0%) in the
expansion phase.

Phase Il: PANORAMA 2

Based on the promising safety data from monotherapy and
Phase Ib combination therapy trials, the PANORAMA
program was developed to further evaluate the safety and
efficacy of the PAN-BTZ-DEX combination regimen.*
PANORAMA 2 was a single-arm, two-stage Phase II study
in MM patients based on the MTD dose from the 1b study.
PANORAMA 1 was a randomized, placebo-controlled
study of the combination, evaluating the progression-free
survival (PFS).3!

PANORAMA 2 (CLBH589DUS71, NCT01083602)
included 55 heavily pretreated patients who had received at
least two (median =4) prior lines of therapy, including at least
one IMiD, and who were refractory to bortezomib.** Most
patients (73%) had progressed while on their last bortezomib
regimen. In the first phase of treatment, patients were treated
for up to eight 3-week cycles of PAN 20 mg three times per
week for weeks 1 and 2, bortezomib 1.3 mg/m? two times
per week on weeks 1 and 2, and dexamethasone 20 mg
four times a week on the days of and after bortezomib doses.
The third week of each cycle was treatment free. Patients
who showed clinical benefit (n=17) advanced to the second
treatment period, in which they received 6-week cycles of
PAN 20 mg three times per week for weeks 1, 2, 4, and 5;
bortezomib 1.3 mg/m? once per week on weeks 1, 2,4, and 5;
and dexamethasone 20 mg four times per week on the days
of and after bortezomib doses.

ORR with at least partial response was achieved in
34.5% of patients. Clinical benefit, defined as at least mini-
mal response, was seen in 52.7% of patients. No patients
achieved complete response (CR), but one patient achieved

near CR (nCR). AEs of any grade and regardless of attribu-
tion included diarrhea (70.9%), fatigue (69.1%), thrombo-
cytopenia (65.5%), nausea (60%), and anemia (47.3%). The
most common grade 3—4 AEs included thrombocytopenia
(63.6%), diarrhea (20%), fatigue (20%), anemia (14.5%),
and neutropenia (14.5%). Platelet levels recovered quickly
during the treatment-free weeks in each phase, and no
patients discontinued treatment due to thrombocytopenia.
Responses were durable, with median duration of response
of 6 months, and PFS of 5.4 months with median overall
survival (OS) of 17.5 months. Notably, patients who had not
received bortezomib in their most recent line of treatment
had an ORR of 42.9%.

Phase Ill: PANORAMA |
The PANORAMA 1 trial (CLBH589D2308, NCT01023308)
was conducted in 768 rTMM patients.?! This Phase Il random-
ized, multicenter, placebo-controlled study was conducted
based on the promising results obtained in the PANORAMA
2 trial, and consisted of two treatment phases. Nearly half of
the patients (49% in the PAN-BTZ-DEX arm) had received
two or more prior lines of therapy, including a large number of
lines which contained bortezomib or IMiDs as single or com-
bination regimens. In the first phase, patients were randomly
assigned (1:1) and stratified based on number of prior lines of
therapy and the previous use of bortezomib, to receive either
PAN-BTZ-DEX or placebo-BTZ-DEX in up to eight 3-week
cycles. Of those patients enrolled in the PAN-BTZ-DEX arm
(n=387), 169 completed the first treatment period and 102
subsequently completed treatment period 2. PAN was admin-
istered three times a week, and bortezomib on days 1, 4, 8,
and 11. Dexamethasone was given on the days of and after
bortezomib doses. Those patients who demonstrated clini-
cal benefit continued to a second treatment phase compris-
ing four 6-week cycles, with a similar regimen, except that
bortezomib was dosed on days 1, 8,22, and 29. The primary
outcomes were overall safety and efficacy defined as PFS
and nCR/CR rates, and the results were analyzed for the two
different treatment phases® as well as by the total duration
of treatment. >

Median PFS was significantly longer in the PAN-BTZ—
DEX arm compared to the placebo arm (12.0 vs 8.1 months,
P<0.0001). Median OS of patients was 40.3 months in the
PAN-BTZ-DEX arm compared to 35.8 months in the pla-
cebo group; this result did not reach statistical significance.*
Of note, a higher percentage of patients in the placebo arm
received post-study therapy, which may have confounded
these OS results. However, the percent of patients with nCR
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or CR was significantly higher in the PAN group compared
to placebo (27.6% vs 15.7%, P=0.00006).33

An analysis of patient outcomes by prior treatments found
that PFS benefit was greater in patients receiving two or more
prior therapies that included bortezomib and an IMiD, and
this subgroup analysis formed the basis for the accelerated
approval of PAN. In this subgroup analysis, the median OS
of the patients in the PAN—-BTZ-DEX arm was 25.5 months
compared to 19.5 months in the placebo group.**

Subsequent analyses also indicate that those patients who
were able to tolerate and receive a longer duration of treatment
in the PAN-BTZ-DEX arm also had a longer PFS. Those
patients who completed the first treatment period had an over-
all PFS of 14.65 months, compared to a PFS of 17.64 months
for those patients who subsequently completed the second
treatment phase.*

From a safety perspective, 36% of patients in the PAN—
BTZ-DEX arm discontinued treatment due to AEs, compared
to 20% in the placebo arm.*! Grade 3/4 AEs occurred in 96%
of patients who received PAN-BTZ-DEX regimen versus
82% in the placebo group; the overall rate of grade 3/4
AEs (>20%) in the PAN-BTZ-DEX arm, regardless of
attribution, included thrombocytopenia (68%), diarrhea
(25.5%), fatigue/asthenia (23.9%), lymphopenia (54%),
and neutropenia (35%). For patients completing both treat-
ment periods, there was a higher rate of grade 3/4 AEs in
the first treatment period versus the second treatment period
(thrombocytopenia: 47.1% vs 5.9%; diarrhea: 25.5% vs
8.8%); fatigue: 19.6% vs 5.9%). Serious AEs were reported
in 60% of the PAN-BTZ-DEX group compared to 42% in
the placebo group, and included pneumonia (18%), diarrhea
(11%), thrombocytopenia (7%), fatigue (6%), and sepsis
(6%). Analysis of platelet recovery during treatment showed
that for both arms, median platelet counts returned to baseline
by the start of each subsequent cycle.?!

Overall, duration of treatment was shorter and frequency
of AEs was greater in the PAN-BTZ-DEX group compared
to the placebo group. However, for those subjects who
completed both treatment periods, the incidence of new or
worsening AEs was decreased in the second treatment period
compared to the first. Secondary analysis of the data sug-
gests that managing AEs in the first treatment period, so that
patients can complete both treatment periods, may increase
the duration of response and overall benefit.?!

The PANORAMA program was notable for showing
a benefit for the three-drug combination regimen in the
rrMM population who had received prior therapy, and for
further characterizing the toxicity profile of the combination.

The AEs noted in these trials were consistent with those in
early phase trials, and were manageable with appropriate
supportive care measures or dose reductions.’® In the land-
scape of available treatment options and outcomes in the
MM population, the PANORAMA results, particularly the
subgroup analysis in PANORAMA 1, formed the basis for
the priority review and approvals of this combination by the
US FDA and the European Commission.

PAN in other combination regimens

Based on the novel mechanism of action of the HDACis and
the promising results of the PANORAMA program, it has
been speculated that PAN in combination with other drugs and
drug classes may also show benefit in the treatment of MM.

Combination with other proteasome inhibitors:
ixazomib

A Phase I trial of PAN in combination with the oral protea-
some inhibitor, ixazomib (MLN9708), and dexamethasone
was conducted in eleven heavily pretreated patients to deter-
mine the tolerability of the combination (NCT02057640).%
Two dose levels of ixazomib (3 and 4 mg) were given on
days 1, 8, and 15 with PAN 20 mgon days 1, 3,5, 15, 17, and
19 and dexamethasone 20 mg on days 1, 2, 8, 9, 15, and 16.
The combination was well tolerated; no dose reductions were
required and no serious AEs were observed. A Phase I trial
using the ixazomib 4 mg dose in the combination regimen
is anticipated.

Combination with other proteasome inhibitors:
carfilzomib

A Phase 1/Ib study of the combination of PAN and carfil-
zomib in rTMM patients is underway to determine the
MTD and tolerability of the two-drug combination regimen
(NCTO01301807).>” The PAN starting dose was 15 mg given
on 3 days of weeks 1-2 plus carfilzomib starting at 20 mg/m?
intravenously on days 1,2, 8,9, 15, and 16 of a 28-day cycle.
Results are pending.

An additional Phase I study of the combination was
conducted to identify the MTD of an alternate dosing
regimen of PAN given three times weekly for 3 weeks
in combination with carfilzomib (NCT01549431).® The
MTD was defined as PAN 20 mg three times a week for
3 weeks and carfilzomib (20 mg/m? for first cycle, then
escalated to 36 mg/m? in subsequent cycles) given on days
1,2,8,9, 15, and 16 of a 28-day cycle. All patients (N=20)
had rrfMM and had received a median of four prior lines of
therapy. The most common grade 3/4 toxicities included
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anemia (35%), thrombocytopenia (35%), neutropenia (30%),
and fatigue/asthenia (15%). One patient had grade 3 diarrhea
uncontrolled by medical management.

Another Phase I/II dose-escalation and -expansion trial
was conducted evaluating another combination regimen of
PAN and carfilzomib (NCT01496118).%° In this trial, PAN
was given to patients with rrMM who had received one to
nine prior lines of therapy (N=80). PAN was administered
three times weekly every other week combined with carfil-
zomib. In the dose-escalation portion of the trial, MTD was
not established, but the planned expansion dose was estab-
lished as Dose Level 4 (DL4: PAN 30 mg on days 1, 3, 5,
15,17, and 19 and carfilzomib 20/45 mg/m? given on days 1,
2,8,9, 15, and 16 of a 28-day cycle).

The expansion design was modified to include Dose Level 6
(DL6) using PAN 20 mg and carfilzomib 20/56 mg/m?* doses
given on the same schedule as the alternate expansion dose.*
Preliminary results indicate an ORR of 75% for all patients and
72% for DL4 patients versus 84% for DL6 patients. Median
PFS was 13.5% (DL4) and 18.7% (DL6) to date; median OS
has not been achieved. There were no significant differences
in AEs between the two dosing levels. The most common
AEs across all grades were thrombocytopenia (73%), nausea
(69%), diarrhea (64%), and fatigue/asthenia (51%).

Combination with IMiDs: lenalidomide

A Phase I dose-escalation study of PAN combined with
lenalidomide and dexamethasone was conducted in rrTMM
patients with at least one prior line of therapy (N=46,
NCT00532675).*' No new AEs were identified, and the
results informed the dosing used in a subsequent Phase I trial
in rTMM patients (N=27, NCT01651039).*? In the Phase II
trial, PAN 20 mg was given on days 1, 2, 5, 15, 17, and 19,
lenalidomide 25 mg on days 1-21, and dexamethasone
40 mg was given on days 1, 8, and 15. This all-oral regimen
appeared to be well tolerated, with expected hematologic
AEs noted, but no serious GI AEs reported.

A Phase I study of PAN given with lenalidomide, bort-
ezomib, and dexamethasone (PanRVD) in MM patients
is in progress to establish the MTD of this combination
(NCT01965353). PAN is given on days 1, 3, 5, 8, 10,
and 12; lenalidomide is given on days 1-14; bortezomib is
administered subcutaneously on days 1,4, 8, and 11; and dex-
amethasone is given on the days of and following bortezomib.
Target enrollment is N=28 rrMM patients who have received
two or more prior lines of therapy. In addition, the PanRVD
regimen is also under investigation in a dose-escalation study
in the newly diagnosed MM population (NCT01440582).%

This frontline trial will provide further clarity on the MTD
and tolerability of the combination.

Combination with IMiDs: thalidomide

A Phase I/Ila dose-escalation and -expansion study of PAN
given with thalidomide, bortezomib, and dexamethasone
(PanVTD) is in progress to establish the efficacy and safety
of this combination (MUK-Six, NCT02145715). In the
Phase I portion, patients with rrTMM who had received one
to four prior lines of therapy were treated with PanVTD with
escalating doses of PAN.* The recommended dose for the
regimen was determined to be PAN 20 mg on days 1, 3, 5, 8,
10, and 12; bortezomib 1.3 mg/m? subcutaneously on days 1
and 8; thalidomide 100 mg daily; and dexamethasone 20 mg
on the days of and following bortezomib.* In the Phase Ila
portion, patients (N=46) were treated at the recommended
dose every 3 weeks for up to 16 cycles followed by a year
of PAN maintenance.* Transplant-eligible patients received
a minimum of six cycles. Preliminary results show an ORR
(= partial response [PR]) for patients who received at least
one dose of PAN 0f 91.3%. Treatment was generally well tol-
erated. Grade 3/4 AEs reported across both phases included
neutropenia (24.6%), hypophosphatemia (19.3%), thrombo-
cytopenia (14.1%), and diarrhea (10.5%). These AEs were
at a lower incidence than those reported in PANORAMA
2; of note, bortezomib dosing was less frequent and given
subcutaneously in the MUK-Six trial. These preliminary
results are promising from both an efficacy and tolerability
perspective and further support a potential role of PAN in
long-term maintenance therapy.

Combination with mammalian target of rapamycin
inhibitors

An early-stage trial evaluating the combination of PAN with
the mammalian target of rapamycin inhibitor everolimus
currently has results pending (NCT00918333).47 In this
Phase I/Ib dose-escalation study in relapsed or refractory
lymphomas or MM, doses of both drugs were escalated as
tolerated to MTD. PAN was given three times weekly every
other week in combination with everolimus given daily.

Combination therapy with monoclonal antibodies
(MAbs)

Preclinical work has demonstrated that HDACis may enhance
the efficacy of anti-CD20 MAbs by upregulating CD20
levels. An in vitro study with HDAC pan-inhibitors (tricho-
statin A and vorinostat) demonstrated promising results for
combining this class with anti-CD38 MAbs, such as those
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targeted by daratumumab (approved by the US FDA in
November 2015).%

Conditioning regimens for autologous stem cell
transplant (ASCT)

A Phase 1II trial examining the role of PAN combined with
high-dose gemcitabine/busulfan/melphalan with ASCT in
rrMM is currently enrolling patients (NCT02506959).4 PAN
is administered as part of the conditioning regimen (20 mg on
days —9 to —2). Primary outcomes include PFS and overall
safety profile of the combination conditioning regimen. The
results of this and additional future studies will be important
for clarifying the optimal role of PAN in relation to ASCT.

Overall safety and patient

management strategies

Taken as a whole, the clinical evidence to date suggests that
PAN has a generally acceptable tolerability profile. Recom-
mended dosing is 20 mg, taken orally once every other day
as three doses per week (on days 1, 3, 5, 8, 10, and 12) of
weeks 1 and 2 of each 21-day cycle. The most common
adverse reactions (incidence of at least 20%) in clinical
studies are diarrhea, fatigue, nausea, peripheral edema,
decreased appetite, pyrexia, and vomiting. The most common
nonhematologic laboratory abnormalities (incidence =40%)
are hypophosphatemia, hypokalemia, hyponatremia, and
increased creatinine. The most common hematologic labora-
tory abnormalities (incidence =60%) are thrombocytopenia,
lymphopenia, leukopenia, neutropenia, and anemia.?* Due to
overlapping toxicities of drugs studied in combination with
PAN, judicious use of dose reductions and interruptions
coupled with sound medical management are important for
increasing duration of therapy, improving clinical outcomes,
and providing better quality of life for the patient.

US prescribing information includes boxed warnings
for diarrhea.?* Further subanalysis of the results of the
PANORAMA trials has shown that diarrhea occurred pri-
marily in the first four cycles of the combination regimen,
that incidence plateaued around the sixth cycle, and that
most patients experienced complete resolution by the end
of treatment.*® These results suggest that prompt interven-
tion with supportive medications and/or judicious use of
dose holds and adjustments can be used to allow patients
to remain on treatment. The expanded access trial that
was developed to provide access to PAN prior to US FDA
approval PANobinostat EXpanded access trial (PANEX,
NCT02568943) utilized the PAN-BTZ-DEX regimen from
PANORAMA 1.5 In the subgroup of patients who received

bortezomib subcutaneously, the rate of grade 3/4 diarrhea
was 11.8% compared to 25% reported in PANORAMA 1,
suggesting that the route of bortezomib administration may
impact the tolerability of the combination regimen. Addi-
tional studies may further clarify approaches for minimizing
the incidence of diarrhea.

Because a small number of patients who received
PAN had severe and fatal cardiac events, including
ischemic events, electrocardiogram changes, and severe
arrhythmias, US prescribing information also includes a
boxed warning regarding increased risk of cardiac toxicity.**
In PANORAMA 1, incidence of cardiac events for the
PAN-BTZ-DEX arm compared to the placebo arm was as
follows: cardiac ischemia 4% versus 1%, arrhythmias 12%
versus 5%, ST-segment depression in 22% versus 4%, and
T-wave abnormalities 40% versus 18%.* PAN should not
be initiated in patients with recent history of cardiac events,
and concomitant use of medications known to prolong QT
interval is not recommended. A baseline electrocardiogram
is recommended prior to starting therapy for all patients.
A summary of AEs is listed in Table 2.

Potential drug—drug interactions with PAN are abundant
due to its metabolism through the various CYP pathways. US

Table 2 Adverse Events of Panobinostat®'

Incidence*
All Grades (Grade 3/4)

Hematologic

Thrombocytopenia 98% (68%)

Lymphopenia 83% (54%)

Leukopenia 81% (24%)

Neutropenia 75% (35%)

Anemia 62% (18)
Non-Hematologic Laboratory

Hyperbilirubinemia 21% (1%)

Hypophosphatemia 64% (20%)
49% (13%)

41% (1%)

Hyponatremia
Elevated serum creatinine

Diarrhea 68% (25%)
Fatigue 57% (24%)
Nausea 36% (5%)
Vomiting 26% (7%)

Decreased appetite 28% (3%)
29% (2%)
26% (1%)
ST-segment depression 22%
40%

Peripheral edema
Pyrexia

T-wave abnormalities

Note: *Side effects reported in combination with bortezomib and dexamethasone.
Reprinted from Lancet Oncol, 15/11, San-Miguel JF, Hungria VT, Yoon SS, et al,
Panobinostat plus bortezomib and dexamethasone versus placebo plus bortezomib
and dexamethasone in patients with relapsed or relapsed and refractory multiple
myeloma: a multicenter, randomized, double-blind phase 3 trial,| 195-1206,
Copyright (2014), with permission from Elsevier.
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prescribing information includes recommendations to reduce
the dose when used in combination with strong CYP3A4
inhibitors and avoid PAN in patients taking strong CYP3A4
inducers or sensitive CYP2D6 substrates.*

Future directions

Despite advances in treatment of rMM and positive findings
related to PAN in the pretreated population, it is challeng-
ing to predict an individual patient response to treatment.
The relative lack of head-to-head comparisons of treatment
options has led to the use of novel statistical techniques to
predict the relative effectiveness of various regimens.

An indirect treatment comparison of multiarm, randomized
controlled trials conducted in rrTMM patients (including
PANORAMA 1) was conducted by Richardson et al*
using the Markov Chain Monte Carlo simulation method.
In addition, results from a network meta-analysis of rTMM
trials reporting PFS, OS, or time to progression determined
odds ratio for pairwise comparisons of regimens, including
PAN given with bortezomib and dexamethasone.’® Both
frameworks offer novel approaches that may be coupled with
patient-specific factors, in order to better predict individual
patient response to specific PAN combinations.

Because MM is characterized by genetic clonal heterogene-
ity, strategies to predict patient response using genomic profil-
ing are important topics for future research. Recent in vitro
studies underscore the importance of elucidating the mutation
profile and sequence of molecular events in the treatment
of MM.>* The umbrella trial design is intended to facilitate
enrollment and analysis of results for malignancies with het-
erogeneity in genomic mutations. Based on the variety of muta-
tions seen in MM, large umbrella trials with genomic profile
matching to single-drug or combination regimen therapies are
anticipated that include both frontline and salvage therapies.
Based on PAN’s demonstrated role in vitro against MM cell
lines with overexpression of specific HDAC isoenzymes,?*? it
will be important to include PAN in trials designed to optimize
therapy based on a patient’s genomic profile.

Conclusion

The clinical evidence to date indicates that PAN is an impor-
tant new addition to the treatment options for rrMM. The
currently approved regimen using PAN in combination with
bortezomib and dexamethasone has shown improvements
in patient outcomes, including PFS and OS. The AEs noted
to date are generally manageable with appropriate dosing
strategies and supportive care. The ultimate role of PAN,
beyond the approved regimen, remains unclear. Emerging

data from the array of ongoing clinical trials are expected to
provide additional insight regarding the place of PAN in the
treatment of MM, including optimal dosing strategies and
combination regimens.
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