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KABSTRACT

On August 28, 2015, a marketing authorization valid through
the European Union was issued for panobinostat, in combina-
tion with bortezomib and dexamethasone, for the treatment of
adult patients with relapsed and/or refractory multiple
myeloma who have received at least two prior regimens includ-
ing bortezomib and an immunomodulatory agent (IMiD).

Panobinostat is an orally available histone deacetylase
(HDAC) inhibitor that inhibits the enzymatic activity of HDAC
proteins at nanomolar concentrations. HDAC proteins catalyze
the removal of acetyl groups from the lysine residues of histo-
nes and some nonhistone proteins. Inhibition of HDAC activity
results in increased acetylation of histone proteins, an epige-
netic alteration that results in a relaxing of chromatin, leading
to transcriptional activation. The recommended starting dose
of panobinostat is 20 mg, taken orally in a cyclical manner for
up to 48 weeks.

The use of panobinostat in combination with bortezomib
and dexamethasone was studied in a randomized, double-
blind, placebo-controlled, multicenter phase Il study (PANO-
RAMA 1) in 768 patients with relapsed or relapsed and refrac-
tory multiple myeloma who had received one to three prior

lines of therapies. In the subgroup of patients who have
received at least two prior regimens including bortezomib and
an IMiD, there was a difference of 7.8 months in the
progression-free survival in favor of the experimental arm (12.5
months for panobinostat + bortezomib + dexamethasone vs.
4.7 months for placebo + bortezomib + dexamethasone; haz-
ard ratio = 0.47, 95% confidence interal 0.31-0.72; log-rank p
value = .0003). The incidence of grade 3—4 adverse events sus-
pected to be related to study drug was 76.9% vs. 51.2%, for the
panobinostat and the placebo group, respectively. The most
common side effects (grade 3—4) associated with panobinostat
included diarrhea (18.9%), fatigue (14.7%), nausea (4.5%), vom-
iting (5.5%), thrombocytopenia (43.6%), anemia (7.9%), neutro-
penia (16.5%) and lymphopenia (8.1%).

This article summarizes the scientific review of the application
leading to regulatory approval in the European Union. The full
scientific assessment report and product information, including
the Summary of Product Characteristics, are available on the
European Medicines Agency website (http://www.ema.europa.
eu/ema/index.jsp?curl=pages/includes/medicines/medicines_
landing_page.jsp&mid=). The Oncologist 2018;23:631-636

Implications for Practice: Farydak was approved in the European Union in combination with bortezomib and dexamethasone, for
the treatment of adult patients with relapsed and/or refractory multiple myeloma who have received at least two prior regimens
including bortezomib and an immunomodulatory agent (IMiD). The addition of panobinostat to bortezomib and dexamethasone
resulted in a clinically meaningful and statistically significant improvement of progression-free survival compared with bortezomib
and dexamethasone, and an additional therapeutic option with a new mechanism of action was considered valuable. Although the
toxicity associated with panobinostat combination was significant, at the time of the marketing authorization of panobinostat, it
was considered that it was acceptable and that it should be left to the clinician and the patient to decide whether the panobinostat
combination is the preferred treatment option or not.
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BACKGROUND

Multiple myeloma (MM) is a neoplastic plasma-cell disorder
that is characterized by clonal proliferation of malignant plasma
cells in the bone marrow microenvironment, monoclonal pro-
tein in the blood or urine, and associated organ dysfunction [1]
due to the accumulation of the monoclonal protein to the
organs. The estimated incidence of MM was 35,309 cases in
the European Union in 2015 [2]. The median age at diagnosis is
71 years; only 10% and 2% of patients are younger than 50 and
40 years, respectively [3-5], and the median survival in the pres-
ent era is 5-7 years from the diagnosis of the disease [6].

At the time of the marketing authorization of panobinostat,
treatment options for refractory/relapsed multiple myeloma of
the following six main classes of agents: proteasome inhibitors
(bortezomib), immunomodulatory drugs (thalidomide, lenalido-
mide, pomalidomide), corticosteroids, alkylators, anthracyclines,
nitrosoureas (to a lesser extent), plus high-dose chemotherapy
and autologous or allogeneic hematopoietic stem cell transplan-
tation for those who are eligible [7].

Refractory disease can sometimes be treated with a partic-
ular agent to which resistance has developed if the agent is
used in conjunction with other compounds that produce a syn-
ergistic anti-MM effect or at a different posology. At second or
subsequent relapses when the patient has often been treated
with bortezomib and at least one immunomodulatory agent,
there are limited options. Once patients have become refrac-
tory to both agents (i.e., double refractory), median overall sur-
vival (OS) and event-free survival have been reported to be 13
and 5 months, respectively, based on clinical study data [8].

Treatment of cells with panobinostat resulted in accumula-
tion of acetylated histones and nonhistone proteins as well as
cell death and cell cycle arrest including human multiple
myeloma cells. HDACi single-agent activity against multiple
myeloma is modest, but synergistic with proteasome inhibitors.
The molecular basis of this synergy is likely multifactorial and
involves interference with protein degradation and the interac-
tion of myeloma cells with microenvironment [9].

NONCLINICAL ASPECTS AND CLINICAL PHARMACOLOGY
Panobinostat is a histone deacetylase (HDAC) inhibitor, inhibi-
ting all HDAC proteins of HDAC families I, Il and IV in nanomolar
range in vitro (Figure 1). In cellular assays, it was shown that
panobinostat enhances histone acetylation and affects proc-
esses known to be regulated by histone acetylation status
(gene expression of 21 kilodalton cyclin dependent kinase
inhibitor (p21), TPRM, Hep27, thymidine kinase). Inhibition of
tumor cell proliferation of a variety of cancer cell lines in vitro
was observed, with leukemic cell lines, including MM cell lines,
among the most sensitive cells. The effect on histone acetyla-
tion was confirmed in vivo in tumor tissue harvested from sub-
cutaneous human colon tumor cell line (HCT116) (colon)
xenograft tumors. Antitumor activity of single-agent panobino-
stat was shown in several experimental models including two
MM xenograft models. The antitumorigenic potential of pano-
binostat was increased when combined with either bortezomib
or dexamethasone, and most prominent in the triple therapy.
Safety pharmacology studies showed no effect of panobi-
nostat on respiratory function in male rats through the highest
doses tested (10 mg/kg, intravenous [IV]). A repeated oral dose
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telemetry study conducted in dogs at a dose of 1.5 mg/kg
showed prolongation in QT interval corrected for heart rate
(QTc) upwards of 25 milliseconds within some animals over the
monitoring period. Concomitant administration of medicinal
products (e.g., chloroquine, halofantrine, clarithromycin, meth-
adone, moxifloxacin, bepridil, and pimozide) that are known to
cause QTc prolongation should be done with caution.

Repeat-dose toxicity studies conducted in rats and dogs,
showed effects on the bone marrow, on cell proliferation in gas-
trointestinal tract and on the secretory function of different glands
(among others, testis, epididymis, salivary gland, thyroid gland).

Panobinostat has demonstrated mutagenic potential. There
is a high likelihood of panobinostat increasing the risk of fetal
death and developmental skeletal abnormalities. In studies
conducted in rats and rabbits, embryo fetal lethality and
increases in skeletal anomalies were seen above exposures cor-
responding to 0.25 of the human clinical area under the curve.
Effective methods of contraception should be used during
treatment and for 3 months after the last dose of panobinostat.

Panobinostat should only be used during pregnancy if the
expected benefits outweigh the potential risks to the fetus, and
breastfeeding is contraindicated during panobinostat treatment.

The pharmacokinetics of panobinostat monotherapy were
evaluated in 14 clinical studies and in in vitro studies with
human biomaterials. The metabolism of panobinostat is
through both non-Cytochrome P450 (CYP)- and CYP-mediated
routes with approximately 40% of panobinostat metabolized
through CYP3A4. Panobinostat is also a p-glycoprotein (P-gp)
substrate. In patients taking strong CYP3A and/or P-gp inhibi-
tors, the dose of panobinostat should be reduced. In clinical
studies in multiple myeloma, the exposure of panobinostat was
decreased by approximately 20% upon the concomitant use of
dexamethasone, which is a dose-dependent mild/moderate
CYP3A4 inducer. Strong inducers are expected to have greater
effects, and may reduce the efficacy of panobinostat. It is cur-
rently unknown whether panobinostat may reduce the effec-
tiveness of hormonal contraceptives.

In patients with impaired hepatic function, plasma expo-
sure of panobinostat increased by 43% and 105% in patients
with mild (total bilirubin > upper limit of normal [ULN]
and < 1.5 X ULN and aspartate aminotransferase [AST] = any
value or total bilirubin < ULN and AST > ULN) and moderate
hepatic impairment (total bilirubin > 1.5 and < 3.0 X ULN any
AST value), respectively, and reduced starting doses with possi-
ble subsequent dose escalation need to be considered. Panobi-
nostat should not be administered in patients with severe
hepatic impairment due to lack of experience and safety data
in this population.

CLINICAL EFFICACY
The pivotal study D2308 (PANORAMA 1) was a multicenter,
randomized, double-blind, phase Ill study of panobinostat in
combination with bortezomib and dexamethasone (PAN-
+ BTZ + Dex) compared with placebo plus bortezomib and
dexamethasone (PBO + BTZ + Dex) in patients with multiple
myeloma [10].

The main criteria for inclusion selected patients with
relapsed or relapsed and refractory disease who had received
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Figure 1. Molecular structure of panobinostat. Molecular for-
mula: C,1H,3N30, Relative molecular mass: 439.51 gmol . The
chemical name of panobinostat is (2E)-N-hydroxy-3-[4-({[2-(2-
methyl-1H-indol-3-yl)ethyl]amino}methyl)phenyl]prop-2-enamide
2-hydroxypropanoate (1:1).

one to three prior lines of therapy and had Eastern Cooperative
Oncology Group performance status <2. Patients who had pro-
gressed under all prior lines of anti-MM therapy (some of them
received autologous bone marrow stem cell-supported high-
dose therapy) and had been shown to be refractory to prior
bortezomib were not eligible.

Relapsed MM was defined as recurrent disease in a patient
who had responded to a prior therapy by achieving a minimal
response (MR) or better, and had not progressed up to 60 days
after the last dose of this therapy. Relapsed-and-refractory dis-
ease was defined as relapse to at least one prior line of therapy
and being refractory to another line (except bortezomib), by
either not achieving a MR, or having progressed while on this
therapy or within 60 days of its last dose.

Patients received panobinostat (20 mg taken orally once a
day, three times per week, on a 2 weeks on and 1 week off dos-
ing regimen), in combination with bortezomib (1.3 mg/m?
injected intravenously) and dexamethasone (20 mg). Treatment
was administered for a maximum of 16 cycles. This dosing regi-
men was based on study B2207, a phase Ib, multicenter, open-
label, dose-escalation study of oral panobinostat and IV borte-
zomib in adult patients with multiple myeloma; the maximum
tolerated dose was declared at 20 mg panobinostat three times
per week IV [11].

Randomization in study D2308 was stratified by number of
prior lines of antimyeloma therapy (1, 2, or 3) and by prior use
of bortezomib (yes or no). The study enrolled 768 patients, of
whom 387 received panobinostat and 381 received placebo.

The primary endpoint was progression-free survival
(PFS) based on modified European Society for Blood and
Marrow Transplantation (mEBMT) criteria assessed by the
investigator. Based on the results in the full analysis set pop-
ulation (all randomized patients, according to randomized
treatment), the median PFS was 12 months for the PAN-
+ BTZ + Dex group compared with 8.1 months for
PBO + BTZ + Dex (hazard ratio [HR] = 0.63, 95% confidence
interval [Cl]: 0.52-0.76; log-rank p value <.0001). In the
subgroup of patients who have received at least two prior
regimens including bortezomib and an immunomodulatory
agent (IMiD), the median PFS was 12.5 months for
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PAN + BTZ + Dex versus 4.7 months for PBO + BTZ + Dex
(HR = 0.47, 95% Cl: 0.31-0.72; log-rank p value =.0003). A
summary of efficacy results is shown in Table 1 and Figure 2.
The median OS was 25.5 months in patients receiving PAN-
+ BTZ + Dex treatment and 19.5 in the placebo group
(HR = 1.01, 95% Cl: 0.68-1.50; cutoff November 2015).

Global health status/quality of life (QOL) scores of the
European Organisation for Research and Treatment of Can-
cer Quality-of-life Questionnaire Core 30 (EORTC QLQ-C30)
initially declined in both treatment arms over the study
treatment period, before returning to baseline levels after
week 18 in both the PAN + BTZ + Dex and PBO + BTZ + Dex
arms. The decline in mean change from baseline global
health status/QOL scores (minimal important change = 5) at
week 12, week 24, and week 48 were —9.853, —7.867, and
—2.986 in the PAN + BTZ + Dex arm, and —4.044, —1.518,
and 4.345 in the PBO + BTZ + Dex arm, respectively.

The supportive study DUS71 (PANORAMA II) was a two-
stage, single-arm, open-label, multicenter, phase Il study of oral
panobinostat (20 mg) in combination with bortezomib (1.3 mg/
m?) and dexamethasone (20 mg) in 55 patients with relapsed
and refractory multiple myeloma, who were bortezomib refrac-
tory and had received at least two prior lines of therapy.
Patients had to be exposed to an IMiD (lenalidomide or thalido-
mide). Refractoriness to bortezomib was defined as disease
progression on or within 60 days of the last bortezomib-
containing line of therapy. The primary endpoint was overall
response rate (ORR) after eight cycles of therapy as per mMEBMT
criteria. Patients achieved an ORR (>partial response) of 34.5%
and 52.7% (>MR) [12].

CLINICAL SAFETY

The main safety data have been obtained from the study
D2308. Additional safety data concerning the treatment of MM
patients with PAN + BTZ + Dex became available from the
expansion phase of the single-arm dose-escalation phase Ib
study B2207 (n = 15) and from the single-arm phase Il study
DUS71 (n = 55) in BTZ-refractory patients.

The most common nonhematological adverse reactions
were diarrhea, fatigue, nausea, and vomiting. Treatment-
emergent hematological toxicities included thrombocytopenia,
anemia, neutropenia, and lymphopenia. The most important
grade 3—4 treatment-emergent toxicities in study D2308 are
summarized in Table 1.

In study D2308, study treatment discontinuation due to
adverse events (AEs) was 36.2% (138 patients) in the PAN-
+BTZ+Dex arm and 20.4% (77 patients) in the
PBO + BTZ + Dex arm, and the single most frequent AEs lead-
ing to treatment discontinuations in the PAN + BTZ + Dex arm
were diarrhea (4.5%), fatigue (2.9%), asthenia (2.9%), and
peripheral neuropathy (3.7%). The overall incidence of AEs
requiring dose adjustments was 88.7%. The most frequently
reported all-grade serious adverse events (with an incidence
>5.0%) were pneumonia (14.7%), diarrhea (11.3%), and
thrombocytopenia (7.3%). More patients required hospitaliza-
tion due to AEs in the PAN + BTZ + Dex arm (55%) than in the
PAN + BTZ + Dex arm (37%).

Increased rate of deaths on-treatment was observed for
panobinostat (30 deaths [7.9%] in the PAN + BTZ + Dex arm
vs. 18 deaths [4.8%] in the PBO + BTZ + Dex arm). The main
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Table 1. Summary of key favorable and unfavorable effects (Study D2308)

PAN+BTZ+Dex PBO-+BTZ+Dex Uncertainties/
n=73° n=74° Strength of
Effect Short description  Unit n=381° n=3,772 evidence References
Favorable effects®
PFS Median time from Months 12.5 (7.26-14.03) 4.7 (3.71-6.05) Significant effect Results in the
randomization to with an HR of subgroup of patients
progression 0.47 (0.31-0.72) who received at
or death and consistent least two prior
across subgroups regimens including
and sensitivity bortezomib and an
analysis immunomodulating
0s Median time from Months 25.5 19.5 Efficacy on agent
randomization to subgroup
death of any Not statistically
cause significant
with an HR of
1.01 (0.68-1.50)
Unfavorable effects®
Adverse events Incidence of % 76.9 51.2
suspected grade 3 or
to be related 4 events
to the drug
Adverse events of  Incidence of % 95.5 82.2
grade 3—4 grade 3 or
4 events
Thrombocytopenia Incidence of % 43.6 17.8 High rate of Numbers presented
grade 3 or discontinuation  were taken from
4 events |I']1CCI’eaSﬁd rate the Safety Set (all
. . o of deaths patients who
Neutropenia Incidence of % 16.5 4.8 on-treatment received at least
grade 3 or d £
2 events one dose of any
component of study
Diarrhea Incidence of % 18.9 6.1 treatment)
grade 3 or
4 events
Nausea Incidence of % 4.5 0.5
grade 3 or
4 events
Vomiting Incidence of % 5.5 1.3
grade 3 or
4 events
Fatigue Incidence of % 14.7 7.7
grade 3 or
4 events
Asthenia Incidence of % 5.5 1.1
grade 3 or
4 events
Neuropathy Incidence of % 3.1 2.9
peripheral grade 3 or
4 events

Subgroup of patients who received at least two prior regimens including bortezomib and an immunomodulating agent.

PFAS population.

Abbreviations: BTZ, bortezomib; Dex, dexamethasone; FAS, full analysis set; HR, hazard ratio; OS, overall survival; PFS, progression-free survival;

PAN, panobinostat.

causes of on-treatment deaths by system organ class (PAN-
+ BTZ + Dex arm vs. PBO + BTZ + Dex arm) were infections
and infestations (1.8% vs. 1.3%), respiratory, thoracic, and
mediastinal disorders (1.6% vs. 0.5%), cardiac disorders (1.0%
vs. 0.8%), and study indication (1.0% vs. 1.6%).

Important identified risks included QTc prolongation, myelo-
suppression, severe hemorrhage, severe infections (including
sepsis and pneumonia), severe diarrhea, and increased toxicity
in elderly patients (aged >65 years). Important potential risks
included ischemic heart disease, venous thromboembolism,
carcinogenicity and second primary malignancy, medication
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errors, use in patients with hepatic impairment, and use in
patients with renal impairment. Missing information included
safety in patients with cardiac diseases and renal impairment. A
noninterventional observational study (LBH589D2408) of pano-
binostat is expected to further characterize some of these risks.

DiscusSION AND BENEFIT-RISK ASSESSMENT

Initially, the applicant company applied for an indication in MM
patients who have received at least one prior therapy. During
the initial review, a number of issues were raised concerning
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Figure 2. Kaplan-Meier plot of progression-free survival in patients with multiple myeloma who received at least two prior regimens
including bortezomib and an immunomodulatory agent—Study D2308.
Abbreviations: BTZ, bortezomib; Cl, confidence interval; Dex, dexamethasone; PAN, panobinostat; PBO, placebo.

the benefit-risk balance. The concerns related to the clinical
importance of the observed difference in PFS, the lack of a sig-
nificant benefit in OS (HR = 1.01, 95% Cl: 0.68-1.50), versus
decreased health-related quality of life and substantial toxicity,
including a high proportion of patients discontinuing therapy
due to toxicity. At that time, it was not possible to conclude
that the benefit-risk balance was positive and further consider-
ation was needed to determine if a subgroup of patients could
be identified with a better balance. Indeed, a more convincing
effect on PFS and similar toxicity was observed in patients who
were treated earlier with an IMiD and BTZ, and possibly in the
group of patients with relapsed/refractory disease, based on
exploratory analyses. A Scientific Advisory Group (SAG) was
convened to discuss whether efficacy in MM patients who had
received at least one prior therapy was sufficient to justify
exposing these patients to the severe adverse event profile of
the drug, and whether a suitable (sub) population could be
identified for whom the balance of benefits and risk could be
considered positive.

According to some experts, albeit with some uncertainty,
the clinical benefit (although moderate) was considered estab-
lished. The observed effect in terms of PFS was considered clini-
cally important. In terms of OS, it was possible to rule out a
detrimental effect on OS based on the Kaplan-Meier curves.
The lack of a statistically significant difference in OS could
actually be due to the relatively long postprogressive survival. A
transient deterioration of QoL during treatment was expected
in view of the toxicity profile. The high complete response/near
complete response rate was also considered as important and
potentially enabling stem cell transplant (SCT). Although poma-
lidomide and other agents that had been registered in the
meantime could be used in this indication, relapsed/refractory
MM was at the time of the pivotal trial a setting with very few
therapeutic options and poor prospect of cure. Panobinostat
was expected to provide an additional option with a new mech-
anism of action that can be of benefit when all other therapeu-
tic options have failed or when it is preferable to reserve the
few available options for later lines of treatment. Adequate tox-
icity management was considered paramount and expected to
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improve with further experience. Furthermore, future studies
will aim to decrease toxicity of the combination by improving
the BTZ schedule. Given the benefit observed, the small num-
ber of alternative treatment options and the high unmet medi-
cal need, the toxicity profile (although significant) was
considered acceptable. According to some of the experts and
patient representatives, the availability of a new treatment,
even if associated with modest benefits and significant toxicity
is of value for patients. The likelihood of experiencing unfavora-
ble effects and the likelihood of benefit should be clearly
described to allow informed treatment choice by physicians and
patients, considering the available therapeutic options. Other
experts disagreed and considered that the clinical benefit could
not be regarded established in the absence of improved QolL,
symptoms, or OS, or evidence of higher access to SCT, and that
the toxicity, including a higher number of treatment-related
deaths associated with panobinostat, especially in elderly
patients, was unacceptable. Further data were considered to be
needed to establish that clinical benefits exist and that toxicity
can be actively managed and improved without loss of activity.
The SAG also identified the subpopulation of MM patients with
relapsed/refractory disease who have received at least two lines
of therapy in which the unmet need was higher, in view of the
poor prognosis and few available treatment options, but with-
out agreement on positive benefit/risk.

Finally, taking into account the expert advice and additional
exploratory analyses, the Committee for Medicinal Products for
Human Use (CHMP) considered that, in the subgroup of adult
patients with relapsed and/or refractory multiple myeloma
who have received at least two prior regimens including borte-
zomib and an immunomodulatory agent, the efficacy of pano-
binostat was considered established and an additional
therapeutic option with a new mechanism of action was con-
sidered valuable. Although the toxicity associated with panobi-
nostat combination was significant, given the limited treatment
options and poor prognosis, it was considered at the time of
registration that it was acceptable and that it should be left to
the clinician and the patient to decide whether the panobino-
stat combination is the preferred treatment option or not. This
should be considered in the context of the increasingly complex
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treatment landscape that is attributable to an improved under-
standing of the disease biology and an increase in available thera-
pies. Both aspects contribute to further segmentation of the
heterogeneous MM patient population, influencing treatment
decisions. In this respect, the recently approved anti-CD38 dara-
tumumab may change some of the paradigms of treatment, as it
can be combined with different agents, including chemotherapy,
without significant increase of toxicity. Elotuzumab and ixazomib
are similar examples of newly approved agents that can be com-
bined with existing treatment and may be considered when
treating patients with relapsed and/or refractory MM. Thus,
treatment strategy is complex and further depends on the type
of prior treatments, response to prior therapy, treatment toler-
ability, and patient characteristics. More isoform- and/or class-
selective HDAC inhibitors are also being developed to enhance
tolerability without diminishing anti-MM activity, but this will
need further clinical testing [12, 13].

The impact of adverse events may be lessened by close
monitoring and timely interventions, and the Summary of prod-
uct characteristics (SmPC) contains recommendations for
patient monitoring and for dose modifications, interruption, or
discontinuation in case of adverse events. In addition to the
routine pharmacovigilance activities, the applicant company will
continue to monitor safety in a noninterventional, observational
study (LBH589D2408A) of panobinostat use in relapsed and/or
refractory multiple myeloma patients (in the real-world setting).

In the U.S. Food and Drug Administration, the marketing
approval of panobinostat was granted under accelerated
approval for the same indication, and further survival data to con-
firm the beneficial effect on PFS were required. EMA took into
consideration the clinically relevant effect size for PFS and the
unmet medical need in this patient population, and considered
the results clinically meaningful for a full marketing authorization.
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Editor’s Note:

See the related commentary, “Panobinostat and Multiple Myeloma in 2018,” by Andrew J. Yee and Noopur S. Raje, on page 516

of this issue.
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