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Abstract: Multiple myeloma is a malignancy involving plasma cell proliferation within the 

bone marrow. Survival of patients diagnosed with myeloma has significantly improved in 

the last decade, following the approval of novel agents. Despite great strides achieved in the 

management of multiple myeloma, it is still considered an incurable disease as the majority 

of patients relapse after initiation of therapy. Additionally, the duration of response generally 

decreases with an increasing number of therapy lines. The need to overcome resistance to 

therapy dictates research into more potent agents and those with novel mechanisms of action. 

A therapeutic option for relapsed/refractory myeloma includes histone deacetylase inhibition. 

Various histone deacetylase inhibitors, including the newly approved panobinostat, are currently 

under evaluation in this setting. Panobinostat for multiple myeloma is used in combination with 

other potent therapeutic agents, such as proteasome inhibitors and steroids. Ongoing research 

evaluating other panobinostat-containing regimens will provide additional insight into its place 

in myeloma management.

Keywords: panobinostat, LBH589, multiple myeloma, relapsed, HDAC inhibitor

Introduction
Multiple myeloma involves malignant proliferation of plasma cells within the bone 

marrow and elevation in levels of monoclonal immunoglobulin in the blood or urine, 

resulting in organ damage.1 Increased serum calcium levels, renal insufficiency, anemia, 

and bone lesions frequently accompany multiple myeloma at presentation and throughout 

the disease. Being the second most common hematologic malignancy in the USA, there 

will be ∼26,850 newly diagnosed cases of multiple myeloma in 2015. Additionally, 11,240 

deaths due to multiple myeloma are predicted to occur in 2015.2

Multiple myeloma is generally sensitive to multiple cytotoxic agents, both in the 

initial and relapsed settings. However, responses are frequently short lived, requiring the 

need for new therapeutic agents and more effective combination regimens. Currently, 

the management of multiple myeloma is rapidly evolving. In the last decade, great 

progress has been achieved following advances in autologous stem cell transplantation 

and approval of new drugs, including proteasome inhibitors and immunomodulatory 

agents.3 As a result, there was a significant improvement in response rates leading to 

improved myeloma survival, especially in the younger patient population.4 In fact, 

5-year relative survival rates have nearly doubled, increasing from 27% to 47% between 

1987–1989 and 2004–2010, respectively.2

Despite recent advancements in management, multiple myeloma remains an incurable 

disease, and the vast majority of patients eventually develop treatment resistance.5 
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Furthermore, the duration of response generally decreases 

with an increasing number of therapy lines.6 Due to the resis-

tant nature of the disease, there is a growing need to introduce 

other proteasome inhibitors and immunomodulatory agents 

as well as agents with a novel mechanism of action, effec-

tive in later stages of myeloma. Increasing knowledge of 

bone marrow microenvironment and molecular aberrations 

present in multiple myeloma has led to new drug develop-

ment and other combination therapies for the management 

of relapsed and/or refractory disease.7 In this article, we 

review an alternative therapeutic target in multiple myeloma 

and the evidence outlining the use of panobinostat as part 

of combination therapy in the management of relapsed and 

refractory disease.

Histone deacetylase inhibition
Two groups of enzymes are involved in a form of epigenetic 

modification involving protein acetylation. Histone acetylases 

and histone deacetylases (HDACs) act in opposition to 

each other to control acetylation levels of both histone and 

nonhistone proteins.8 The main function of histones is to 

compact DNA into nucleosomes, which are the basic sub-

units of DNA chromatin structure. Proper histone formation 

is important for such cellular processes as DNA repair, gene 

expression, and gene regulation. Acetylation of lysine resi-

dues on histones and some nonhistone proteins by histone 

acetylases results in relaxation of DNA chromatin structure 

allowing for subsequent gene transcription. Conversely, 

removal of acetyl groups by HDAC enzymes causes 

compacted chromatin structure, inaccessibility of DNA for 

transcription, and ultimately gene silencing.9

An imbalance between histone acetylation and deacety-

lation has been implicated in cancer development.10 The 

loss of acetylation is reported as a common molecular 

event in human cancers, including multiple myeloma, often 

occurring in earlier stages of tumorigenesis.11 This evidence 

may indicate the potential critical role of HDACs in cancer 

initiation and progression, pointing to an alternative target 

for anticancer therapies.

HDACs are involved in many critical processes in 

myeloma cell lines, including gene transcription, progression 

of cell cycle, DNA repair, and protein formation and folding.5 

In addition, myeloma cells produce a significant number 

of misfolded proteins, specif ically immunoglobulins, 

resulting in the need to effectively degrade excess toxic 

products through proteasome and aggresome pathways.12 

It is not surprising, therefore, that proteasome inhibitors 

play a central role in the management of various stages 

of multiple myeloma by causing cell death of malignant 

cells.1 However, proteasome blockade does not fully inhibit 

cellular catabolism of proteins. A compensatory activation 

of the aggresome pathway following administration of pro-

teasome inhibitors leads to continued autophagy of protein 

degradation products and inhibition of apoptosis in tumor 

cells. Therefore, induction of the aggresome pathway may 

partially explain the acquired resistance of proteasome 

inhibition.13 Recently, HDAC6 has been found to play an 

important role in the aggresome–autophagy pathway through 

interaction with dynein, which targets protein aggregates 

to the autophagosome for destruction.14 As a result, HDAC 

inhibition has become an alternative therapeutic strategy in 

multiple myeloma management.

Various HDAC inhibitors have been tested in preclinical 

models of multiple myeloma. Effective HDAC inhibition 

results in multiple cellular responses, specifically cell 

cycle arrest, inhibition of cellular growth, DNA damage, 

interference with activity of the aggresome pathway, and 

induction of apoptosis.15–17 Additionally, HDAC inhibitors 

have been studied in combination with other conventional and 

novel agents in preclinical studies of multiple myeloma.18

Panobinostat (LBH589) is a pan-deacetylase inhibitor 

belonging to hydroxamic acid family of compounds and 

is active against class I, II, and IV HDAC enzymes.19 

Panobinostat has potent cytotoxic activity against tumor 

cells, while displaying minimal toxicity against normal 

cells.19 It inhibits the removal of acetyl groups by HDAC 

enzymes, leading to maintenance of acetylation of histone 

and nonhistone proteins. As a result, accumulation of histones 

and other proteins occurs, causing cell cycle arrest and apop-

tosis of cancer cells of various cancer types. Panobinostat 

has demonstrated potent preclinical activity in several 

hematologic malignancies such as acute myeloid leukemia, 

cutaneous T-cell lymphoma, chronic myeloid leukemia, and 

multiple myeloma, as well as solid tumors, including prostate, 

breast, and pancreatic cancers.20,21

Panobinostat has demonstrated synergy with several 

agents already used in the treatment of multiple myeloma. The 

strongest evidence exists for combination regimens containing 

proteasome inhibitors. Panobinostat is thought to augment 

the activity of proteasome inhibitors through inhibition of 

interaction between myeloma cells and tumor microenviron-

ment and by blocking activation of the aggresome pathway, 

an alternative degradation route for misfolded and unfolded 

proteins.22 Panobinostat leads to hyperacetylation of α-tubulin 

and HDAC6 inhibition, which results in disruption of trans-

portation of misfolded proteins for autophagy, ultimately 
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targeting the cell for apoptosis.19 Panobinostat, therefore, 

blocks the rescue pathway of protein degradation developed 

by myeloma cells. These cooperative mechanisms of synergy 

suggest chemosensitization to proteasome inhibition by 

panobinostat, with a potential benefit of overcoming resis-

tance to existing therapeutic options for multiple myeloma. 

However, it is currently not proven whether HDAC6 inhibition 

is the pathway responsible for the activity of HDAC inhibitors 

in the treatment of multiple myeloma. Additionally, panobin-

ostat may have the ability to potentiate antitumor activity of 

steroids and immunomodulatory agents, such as thalidomide 

and lenalidomide.23 The aforementioned potential for synergy 

has provided the rationale for the use of panobinostat in mul-

tiple myeloma therapy, especially in combination with other 

potent therapeutic agents.

Clinical efficacy
The efficacy of oral panobinostat has been assessed in 

multiple myeloma, both as a single agent and as part of 

combination therapy with other agents having known 

activity in myeloma (Table 1). Single-agent panobinostat 

activity was studied in a Phase Ia/II study, which included 

patients with various hematologic malignancies, such as 

multiple myeloma. Panobinostat was administered once a 

day, three times per week, every week or every other week 

in a 28-day cycle. Based on the dose escalation phase, 40 and 

60 mg doses were recommended for the expansion phase for 

weekly and biweekly administration, respectively. Modest 

activity was noted in six patients with multiple myeloma, 

with one patient achieving a partial response (PR). The most 

significant grade 3–4 adverse events noted in the study were 

Table 1 Summary of clinical trials of panobinostat in multiple myeloma

Trials Study design Patients (n) Median  
age (years)

Interventions Efficacy Adverse events  
(grade 3–4)

DeAngelo et al24 Open-label,  
single-arm,  
Phase Ia/II

6 patients – PAN ORR: 16.7% Thrombocytopenia (41.5%) 
Fatigue (21%) 
Neutropenia (21%)

Wolf et al25 Open-label,  
single-arm,  
Phase II

38 patients 61 PAN ORR: 2.6% Neutropenia (21.1%) 
Thrombocytopenia (18.4%)

San-Miguel et al26 Open-label,  
single-arm,  
Phase Ib

Escalation phase:  
47 patients 
Expansion phase:  
15 patients

62 PAN/BTZ ± DEX  
(all patients in  
expansion phase)

Escalation phase: 
ORR: 52.9% 
Expansion phase: 
ORR: 73.3% (MTD dose)

Escalation phase: 
Thrombocytopenia (85.1%) 
Neutropenia (63.8%) 
Asthenia (29.8%) 
Expansion phase: 
Thrombocytopenia (66.7%) 
Neutropenia (46.7%) 
Fatigue (20%)

Richardson et al27,28 Open-label,  
single-arm,  
Phase II

55 patients 61 PAN/BTZ/DEX ORR: 34.5% 
PFS: 5.4 months 
OS: 17.5 months

Thrombocytopenia (63.6%) 
Diarrhea (20%) 
Fatigue (20%) 
Neutropenia (14.6%)

San-Miguel et al29 Placebo-
controlled,  
double-blind,  
Phase III

387 patients  
(PAN/BTZ/DEX) 
381 patients  
(BTZ/DEX/
placebo)

63 PAN/BTZ/DEX PFS: 12 vs 8.1 months 
(P,0.0001) 
OS: 33.6 vs 30.4 months 
(P=0.26) 
ORR: 60.7% vs 54.6% 
(P=0.09)

Thrombocytopenia (68%) 
Neutropenia (35%) 
Diarrhea (25%) 
Fatigue (24%) 
Peripheral neuropathy (18%)

Berdeja et al31 Open-label,  
single-arm,  
Phase I, II

Escalation phase:  
13 patients 
Expansion phase:  
31 patients

66 PAN/CFZ ORR: 67% 
PFS: 7.7 months

Thrombocytopenia (38%) 
Neutropenia (21%) 
Fatigue (11%)

Berenson et al32 Open-label,  
single-arm,  
Phase I, II

40 patients 65 PAN/MEL ORR: 7.5% Neutropenia (30.8%) 
Thrombocytopenia (23.1%)

Offidani et al33 Open-label,  
single-arm,  
Phase II

31 patients 73 PAN/MEL/PRED/ 
THAL

ORR: 38.5% Neutropenia (71%) 
Thrombocytopenia (35.5%)

Abbreviations: BTZ, bortezomib; CFZ, carfilzomib; DEX, dexamethasone; MEL, melphalan; MTD, maximum-tolerated dose; ORR, overall response rate; OS, overall 
survival; PAN, panobinostat; PFS, progression-free survival; PRED, prednisone; THAL, thalidomide.
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thrombocytopenia (41.5%), fatigue (21%), and neutropenia 

(21%).24 Another single-agent study was a Phase II study 

of patients with heavily pretreated relapsed/refractory (RR) 

multiple myeloma. The median number of prior lines of ther-

apy was five. In this trial, 20 mg of panobinostat was given 

by mouth three times per week, every week in a 21-day cycle. 

Again, single-agent activity of panobinostat was modest, 

with one patient (2.6%) achieving PR and one other patient 

(2.6%) developing minimal response to therapy. However, 

these responses were durable and lasted 19 and 28 months, 

respectively. Similar to the previous study, hematologic 

toxicities were the most common grade 3–4 adverse events 

(neutropenia 21.1%, thrombocytopenia 18.4%).25

The combination of bortezomib and panobinostat was 

investigated in a Phase Ib trial of patients with RR multiple 

myeloma. During the dose-escalation phase, panobinos-

tat was administered orally three times per week, every 

week in combination with intravenous (IV) bortezomib 

on days 1, 4, 8, and 11 of a 21-day cycle. Dexamethasone 

(20 mg orally) was given starting in cycle 2 based on the 

investigator’s discretion. Maximum tolerated doses (MTDs) 

of panobinostat and bortezomib were determined to be 20 mg 

and 1.3 mg/m2, respectively, for the dose-expansion phase 

of the trial, with panobinostat administered during weeks 1 

and 2 only to allow for platelet recovery and to minimize 

dose interruptions. Dexamethasone was included in therapy 

for all patients during this phase, as preclinical data dem-

onstrated greater antitumor activity with triple combination 

therapy compared to dual therapy.23 Overall response rates 

(ORRs) were 52.9% and 73.3% in the dose-escalation phase 

at MTD and dose-expansion phase, respectively. Of note, 

the ORR among bortezomib-refractory patients was 26.3%, 

with 42.1% of patients experiencing at least a minimal 

response. In line with previous trials, hematologic toxicities 

were the most common adverse events observed. The dose-

expansion phase was noted to have a lower rate of grade 3–4 

thrombocytopenia compared to the dose-escalation phase 

(66.7% vs 85.1%) with improved platelet recovery and no 

platelet-driven discontinuation of panobinostat. One patient 

developed clinically significant QTc prolongation (1.6%). 

This trial established the dosing regimen of panobinostat, 

bortezomib, and dexamethasone combination therapy for 

evaluation in larger Phase II and III trials.26

PANORAMA 2 study was an open-label, two-stage 

Phase II trial evaluating panobinostat, bortezomib, and 

dexamethasone combination in patients with relapsed and 

bortezomib-refractory multiple myeloma. The median number 

of prior lines of therapy was four. Phase I treatment included 

eight 21-day cycles of panobinostat 20 mg orally thrice weekly 

during weeks 1 and 2; bortezomib 1.3 mg/m2 IV twice weekly 

during weeks 1 and 2; and oral dexamethasone 20 mg on days 

of and after bortezomib administration. Patients showing 

clinical benefit were allowed to proceed to Phase II, which 

consisted of 6-week cycles with panobinostat thrice weekly 

during weeks 1, 2, 4, and 5; bortezomib once a week during 

weeks 1, 2, 4, and 5; and dexamethasone on the days of and 

after bortezomib administration. Treatment in Phase II was 

continued until disease progression or unacceptable toxicity. 

One complete response and 18 PRs were seen out of the 

55 patients participating in the study. Therefore, the ORR 

was 34.5%. Additionally, ten more patients developed a 

minimal response for a total clinical benefit rate of 52.5%. 

The median progression-free survival (PFS) was 5.4 months, 

with a median overall survival (OS) of 17.5 months. 

In 19 patients with PR, median PFS and median OS were 7.6 

and 25.2 months, respectively.27,28 Overall, this regimen was 

well tolerated. The most common grade 3–4 adverse event 

was thrombocytopenia (63.6%); however, it did not require 

treatment discontinuation. Peripheral neuropathy observed in 

this trial was mild, with only one patient developing grade $3 

toxicity. This study established the role of panobinostat in 

combination with bortezomib and dexamethasone for the 

treatment of bortezomib-refractory multiple myeloma, with 

a manageable side-effect profile.27

Recently, the results of PANORAMA 1, a randomized 

placebo-controlled Phase III trial, were published. This was 

a single largest trial of panobinostat use in multiple myeloma 

to date, enrolling 768 patients. The combination of panobin-

ostat, bortezomib, and dexamethasone was compared to 

bortezomib and dexamethasone alone in patients with RR 

multiple myeloma having received 1–3 prior lines of therapy. 

The trial consisted of two phases, with regimens identical to 

PANORAMA 2 study with the exception of a maximum of 

four cycles of treatment in Phase II. Compared to placebo, 

the median PFS was increased in the panobinostat arm (12 vs 

8.1 months; hazard ratio: 0.63; 95% confidence interval: 

0.52–0.76; P,0.0001). Median OS data is not mature, but is 

currently reported at 33.6 months in the panobinostat group vs 

30.4 months in those receiving placebo (hazard ratio: 0.87, 

95% confidence interval: 0.69–1.1, P=0.26). Although ORRs 

were not significantly different between the groups (60.7% vs 

54.6%, P=0.09), more patients in the panobinostat group 

achieved complete or near complete response to therapy 

(27.6% vs 15.7%, P=0.00006). Median duration of response 

was 13.1 vs 10.9 months in the panobinostat vs placebo groups, 

respectively. The safety profile of panobinostat, bortezomib, 
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and dexamethasone combination is comparable to the results 

reported in PANORAMA 2 study (Table 1). The most common 

grade 3–4 toxicities in panobinostat arm were thrombocytope-

nia (68%), neutropenia (35%), diarrhea (25%), fatigue (24%), 

and peripheral neuropathy (18%). Five patients in the panobin-

ostat arm were reported to have a QTc interval .480 ms, but 

not higher than 500 ms. Three patients in the panobinostat 

group had QTc interval increases .60 ms from baseline 

compared to four patients in placebo group. T-wave changes 

and ST–T segment changes were more common in the 

panobinostat group, but were deemed to be asymptomatic. The 

results of this trial have demonstrated the additional benefit 

of panobinostat in improving PFS in RR multiple myeloma 

when added to bortezomib and dexamethasone.29 The effect 

of this combination on OS will be updated after the planned 

415 deaths occur.

Previous trials of panobinostat and bortezomib combina-

tion have prompted investigation of panobinostat safety and 

efficacy with carfilzomib, a second-generation proteasome 

inhibitor effective in multiple myeloma with a lower 

incidence of peripheral neuropathy compared to bortezomib.30 

Currently, a randomized Phase III trial is exploring compara-

tive efficacy of carfilzomib and bortezomib (ClinicalTrials.

gov identifier: NCT01568866). Patients with RR multiple 

myeloma after at least one line of therapy were enrolled 

to receive carfilzomib and panobinostat combination in a 

Phase I/II study. The median number of lines of therapy 

prior to study accrual was five. The regimen consisted of oral 

panobinostat administered on days 1, 3, 5, 15, 17, and 19, 

whereas IV carfilzomib was given on days 1, 2, 8, 9, 15, and 

16 of a 28-day cycle. During the dose-escalation phase, no 

dose-limiting toxicities were encountered, and the expansion 

phase doses were set at 30 mg and 20/45 mg/m2 for panobin-

ostat and carfilzomib, respectively, with the lower dose of 

carfilzomib administered on days 1 and 2 of cycle 1 only. 

The ORR was 67%, and a clinical benefit was noted in 79% 

of patients. Prior therapies did not seem to have an influence 

on response rates. Median PFS was noted to be 7.7 months. 

Median OS data is not yet mature. Adverse events were the 

cause of therapy discontinuation in 9% of patients. Diarrhea, 

nausea and vomiting, and thrombocytopenia were the most 

frequently encountered toxicities.31

Panobinostat has been reported in literature to have syner-

gistic activity with melphalan, an alkylating agent, in multiple 

myeloma cell lines. A Phase I/II study has been performed 

combing panobinostat and oral melphalan. Due to toxicity 

issues, the dosing schema was modified several times during 

the study, which led to four different treatment regimens. 

Overall, three patients responded (two very good PR and 

one PR) while receiving a more intensive regimen (panobin-

ostat 20 mg thrice a week continuously and melphalan 

0.05 mg/kg on days 1, 3, and 5) at the expense of increased 

toxicity. MTD was determined to be 20 mg of panobinostat 

and 0.05 mg/kg of melphalan given on days 1, 3, and 5 of a 

28-day cycle. Although this regimen was better tolerated, no 

responses were observed with this dosing schedule.32 Finally, 

panobinostat was evaluated in combination with melphalan, 

prednisone, and thalidomide in a Phase II study of patients 

with RR multiple myeloma. The treatment regimen consisted 

of oral melphalan at a dose of 0.18 mg/kg on days 1–4, pred-

nisone given as 1.5 mg/kg on days 1–4, thalidomide 50 mg/d 

throughout the cycle, and escalating doses of panobinostat 

with a range of 10–20 mg three times weekly for 3 weeks of 

a 28-day cycle. MTD was not established in this trial due to 

significant toxicities, with patients receiving between 10 and 

15 mg of panobinostat. Dose-limiting toxicities included grade 

3–4 neutropenia (71%) and thrombocytopenia (35.5%).33 As 

a result, panobinostat and melphalan combination has not 

produced encouraging results due to relevant toxicity issues 

without significant antimyeloma benefit.

Panobinostat is being evaluated as part of other com-

bination regimens in multiple myeloma. It is currently 

investigated in various combinations with lenalidomide/

thalidomide, bortezomib, and dexamethasone (ClinicalTrials.

gov identifiers: NCT01965353, NCT02145715). A trial 

combining panobinostat, ixazomib (MLN9708), a new 

proteasome inhibitor, and dexamethasone is underway 

(ClinicalTrials.gov identifier: NCT02057640). Additionally, 

panobinostat and everolimus, a mammalian target of 

rapamycin inhibitor, are being evaluated for the treatment of 

hematologic malignancies, including RR multiple myeloma 

(ClinicalTrials.gov identifier: NCT00918333).

As mentioned previously, panobinostat is a pan-

deacetylase inhibitor, affecting class I, II, and IV HDAC 

enzymes, including HDAC6. Recently, there has been 

a growing interest to develop next-generation HDAC6-

selective HDAC inhibitors. Ricolinostat (ACY-1215) is a 

selective HDAC6 inhibitor that is currently being evaluated 

in the treatment of multiple myeloma and lymphoma. 

Specifically targeting HDAC6, as opposed to other enzymes 

in the HDAC family, may potentially lead to fewer serious 

adverse effects while maintaining efficacy.34

Adverse effects
Oral panobinostat is generally well tolerated, with the most 

frequent adverse events observed in clinical trials being 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Journal of Blood Medicine 2015:6submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

274

Bailey et al

thrombocytopenia, neutropenia, fatigue, diarrhea, electrolyte 

abnormalities, and increased creatinine.24–27,29,31–33 The time 

to onset of platelet nadir is reported between 12 and 15 days 

after the start of the cycle.24 Therefore, multiple regimens 

are using 21-day cycles with panobinostat omitted during 

week 3.26,27,29 In PANORAMA 1 study, serious adverse events 

were observed in 60% of patients in panobinostat group as 

opposed to 42% of patients receiving placebo.29 Thirty-six 

percent of patients in the panobinostat arm discontinued 

therapy due to adverse events vs 20% on placebo. The most 

common side effects leading to discontinuation of therapy in 

patients receiving panobinostat were diarrhea (4%), periph-

eral neuropathy (4%), asthenia or fatigue (6%), thrombocy-

topenia (2%), and pneumonia (1%). Grade 3–4 hemorrhage 

was observed in 4% of patients while on panobinostat therapy 

compared to 2% in the placebo group.

One of the most clinically significant adverse events 

experienced by patients is diarrhea. Panobinostat prescribing 

information has a boxed warning, describing a 25% incidence 

of grade 3–4 diarrhea.35 Patients should be monitored for 

symptoms of diarrhea, with initiation of antidiarrheal agents 

and interruption of panobinostat therapy as necessary.35 

Another boxed warning describes a potential risk of severe 

and fatal cardiac ischemic events, electrocardiogram (ECG) 

changes, and severe arrhythmias. Originally formulated as an 

IV agent, panobinostat was associated with QTc prolonga-

tion and cardiac arrhythmias.36 This resulted in discontinu-

ation of the IV form. Still, cardiac abnormalities remain a 

concern with oral panobinostat, although the incidence of 

these adverse events is significantly reduced with the oral 

formulation.29 It is recommended to perform baseline ECG 

and electrolytes and repeat these tests as necessary throughout 

treatment. In the meantime, providers should avoid concur-

rent administration of other QT prolonging medications.35

Finally, panobinostat carries a potential risk for terato-

genicity as seen in preclinical study. Female patients should 

be instructed to avoid pregnancy while on therapy with 

panibinostat.35

Implications for clinical practice
Panobinostat (Farydak®, Novartis Pharmaceuticals 

Corporation, East Hanover, NJ, USA) in combination 

with bortezomib and dexamethasone received accelerated 

approval from US Food and Drug Administration (FDA) on 

February 23, 2015, for the treatment of multiple myeloma in 

patients with a history of at least two prior lines of therapy, 

including bortezomib and an immunomodulatory agent. 

The recommended dose of panobinostat is 20 mg by mouth 

with or without food on days 1, 3, and 5 during weeks 1 and 2 

of a 21-day cycle for up to 8 cycles, with an additional 8 cycles 

in patients demonstrating clinical benefit.35

Patients receiving panobinostat should be carefully 

monitored for adverse events using complete blood count, 

ECG, and complete metabolic panel. As mentioned in boxed 

warnings, panobinostat is associated with the development 

of potentially severe diarrhea and a small, but existing, risk 

of QTc prolongation and arrhythmias. As a result, FDA 

approved panobinostat with a risk evaluation and mitigation 

strategy program in place in order to educate providers and 

patients regarding the potential toxicities of panobinostat.35

Other important clinical considerations health care 

providers should be aware of include dosing in hepatic 

impairment and drug interactions. Hepatic impairment may 

result in increased panobinostat exposure. Reductions in 

plasma clearance with mild and moderate hepatic dysfunc-

tion were 30% and 51%, respectively.37 The corresponding 

increase in panobinostat exposure with mild and moderate 

hepatic impairment was 43% and 105%, respectively.37 

The starting dose of panobinostat is 15 mg in patients with 

mild hepatic dysfunction, whereas patients with moderate 

hepatic failure should be initiated at doses of 10 mg. Severe 

hepatic impairment precludes treatment. In addition, 

panobinostat may be associated with clinically significant 

drug interactions due to various effects of CYP isoenzymes 

and P-glycoprotein. Panobinostat is a strong substrate of 

CYP3A4 and P-glycoprotein, leading to potential drug inter-

actions with medications that are strong CYP3A inducers or 

inhibitors. In fact, panobinostat should be empirically dose 

reduced to 10 mg with concomitant administration of strong 

CYP3A4 inhibitors, such as azole antifungals and protease 

inhibitors. Furthermore, providers need to advise patients 

to avoid star fruit, grapefruit, and grapefruit juice, which 

are known CYP3A4 inhibitors. Finally, panobinostat is a 

moderate CYP2D6 inhibitor and has the potential to increase 

concentrations of certain medications, including antidepres-

sants, some β-blockers, and dextromethorphan for example. 

Therefore, patients should be regularly monitored for any 

potential drug interactions.35

Conclusion
Despite significant advances in multiple myeloma manage-

ment, it still remains an incurable disease. There is a growing 

need to overcome resistance to therapy by developing newer 

generations of currently available therapeutic agents as well 
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as agents with entirely novel mechanisms of action. HDAC 

overexpression has been implicated in myeloma initiation and 

progression. Panobinostat, a potent HDAC inhibitor, has been 

recently approved for the treatment of multiple myeloma fol-

lowing at least two prior lines of therapy. Synergy in therapeu-

tic activity has been demonstrated between bortezomib and 

panobinostat, including in those with bortezomib-refractory 

disease. Although approved for RR multiple myeloma, 

panobinostat in combination with steroids and a proteasome 

inhibitor is likely to be utilized in earlier lines of myeloma 

management. Additionally, multiple other combinations of 

panobinostat and antimyeloma agents are being evaluated 

in clinical trials, which will assist in defining the role of this 

agent in multiple myeloma therapy.
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