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Summary
Background Panobinostat is a potent oral pan-deacetylase inhibitor that in preclinical studies has synergistic anti-
myeloma activity when combined with bortezomib and dexamethasone. We aimed to compare panobinostat, 
bortezomib, and dexamethasone with placebo, bortezomib, and dexamethasone in patients with relapsed or relapsed 
and refractory multiple myeloma.

Methods PANORAMA1 is a multicentre, randomised, placebo-controlled, double-blind phase 3 trial of patients with 
relapsed or relapsed and refractory multiple myeloma who have received between one and three previous treatment 
regimens. Patients were randomly assigned (1:1) via an interactive web-based and voice response system, stratifi ed by 
number of previous treatment lines and by previous use of bortezomib, to receive 21 day cycles of placebo or 
panobinostat (20 mg; on days 1, 3, 5, 8, 10, 12, orally), both in combination with bortezomib (1·3 mg/m² on days 1, 4, 
8, 11, intravenously) and dexamethasone (20 mg on days 1, 2, 4, 5, 8, 9, 11, 12, orally). Patients, physicians, and the 
investigators who did the data analysis were masked to treatment allocation; crossover was not permitted. The primary 
endpoint was progression-free survival (in accordance with modifi ed European Group for Blood and Marrow 
Transplantation criteria and based on investigators’ assessment) and was analysed by intention to treat. The study is 
ongoing, but no longer recruiting, and is registered at ClinicalTrials.gov, number NCT01023308.

Findings 768 patients were enrolled between Jan 21, 2010, and Feb 29, 2012, with 387 randomly assigned to panobinostat, 
bortezomib, and dexamethasone and 381 to placebo, bortezomib, and dexamethasone. Median follow-up was 6·47 months 
(IQR 1·81–13·47) in the panobinostat group and 5·59 months (2·14–11·30) in the placebo group. Median progression-
free survival was signifi cantly longer in the panobinostat group than in the placebo group (11·99 months [95% CI 
10·33–12·94] vs 8·08 months [7·56–9·23]; hazard ratio [HR] 0·63, 95% CI 0·52–0·76; p<0·0001). Overall survival data are 
not yet mature, although at the time of this analysis, median overall survival was 33·64 months (95% CI 31·34–not 
estimable) for the panobinostat group and 30·39 months (26·87–not estimable) for the placebo group (HR 0·87, 95% CI 
0·69–1·10; p=0·26). The proportion of patients achieving an overall response did not diff er between treatment groups 
(235 [60·7%, 95% CI 55·7–65·6] for panobinostat vs 208 [54·6%, 49·4–59·7] for placebo; p=0·09); however, the proportion 
of patients with a complete or near complete response was signifi cantly higher in the panobinostat group than in the 
placebo group (107 [27·6%, 95% CI 23·2–32·4] vs 60 [15·7%, 12·2–19·8]; p=0·00006). Minimal responses were noted in 
23 (6%) patients in the panobinostat group and in 42 (11%) in the placebo group. Median duration of response (partial 
response or better) was 13·14 months (95% CI 11·76–14·92) in the panobinostat group and 10·87 months (9·23–11·76) in 
the placebo group, and median time to response (partial response or better) was 1·51 months (1·41–1·64) in the 
panobinostat group and 2·00 months (1·61–2·79) in the placebo group. Serious adverse events were reported in 228 (60%) 
of 381 patients in the panobinostat group and 157 (42%) of 377 patients in the placebo group. Common grade 3–4 
laboratory abnormalities and adverse events (irrespective of association with study drug) included thrombocytopenia 
(256 [67%] in the panobinostat group vs 118 [31%] in the placebo group), lymphopenia (202 [53%] vs 150 [40%]), diarrhoea 
(97 [26%] vs 30 [8%]), asthenia or fatigue (91 [24%] vs 45 [12%]), and peripheral neuropathy (67 [18%] vs 55 [15%]).

Interpretation Our results suggest that panobinostat could be a useful addition to the treatment armamentarium for 
patients with relapsed or relapsed and refractory multiple myeloma. Longer follow up will be necessary to determine 
whether there is any eff ect on overall survival.
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Introduction
Proteasome inhibitors and immunomodulatory drugs 
have signifi cantly improved outcomes in patients with 
multiple myeloma.1 Combinations of these drug types 
have led to responses in nearly all patients with newly 
diagnosed multiple myeloma.2,3 Despite these advances, 
patients relapse or become refractory to fi rst-line 
treatments, and the disease remains incurable. Thus, a 
need exists for drugs with novel mechanisms of action 
that enhance the activity of standard-of-care regimens.

Myeloma cells overproduce misfolded proteins and rely 
on proteasome and aggresome pathways for survival; 
therefore, dual-pathway inhibition represents a promising 
treatment approach.4 Pan-deacetylase inhibitors, which 
are epigenetic modulators that target class I and II histone 
deacetylase enzymes (including HDAC6, a key com-
ponent of the aggresome pathway), have emerged as a 
novel class of anti-myeloma drugs.4 However, in a phase 3 
trial,5 the addition of the pan-deacetylase inhibitor 
vorinostat to bortezomib did not lead to a clinically 
relevant increase in progression-free survival. 
Panobinostat is a pan-deacetylase inhibitor with more 
potent in-vitro inhibitory activity than vorinostat.6 
Although deacetylase inhibitors, including panobinostat, 
have little to no activity as single agents in patients with 
multiple myeloma,7 results of preclinical studies have 
shown synergistic anti-myeloma activity of panobinostat 
with bortezomib and dexamethasone.8,9 Results from 
phase 1 and 2 studies10,11 have shown durable responses 
with this combination in patients with relapsed or 
refractory multiple myeloma, including bortezomib-
refractory disease. We aimed to compare panobinostat, 
bortezomib, and dexamethasone with placebo, 
bortezomib, and dexamethasone in patients with relapsed 
or relapsed and refractory multiple myeloma.

Methods
Study design and patients
PANORAMA1 (PANobinostat ORAl in multiple 
MyelomA 1) a multicentre, randomised, placebo-
controlled, double-blind phase 3 trial done at 215 centres 
across 34 countries (appendix pp 3–8). Adult patients 
(aged 18 years and older) with measurable relapsed or 
relapsed and refractory multiple myeloma, 1–3 previous 
treatments, and an Eastern Cooperative Oncology Group 
performance status of 2 or lower were eligible for 
inclusion. Patients with primary refractory or bortezomib-
refractory myeloma were not eligible. Additionally, 
patients were ineligible if they had received previous 
treatment with a deacetylase inhibitor, previous anti-
myeloma treatment within 3 weeks before the start of the 
study, experimental treatment or biological 
immunotherapy (including monoclonal antibodies) 
within 4 weeks before the start of the study, or previous 
radiation therapy within 4 weeks before the start of the 
study. Previous treatment with valproic acid was 
permitted provided that it was not used during the study 

or within 5 days before use of study treatment. Concurrent 
use of drugs with a risk of prolonging the QT interval or 
inducing torsades de pointes and any concurrent 
anticancer treatments were not permitted.

Eligible patients had an absolute neutrophil count of 
1·5 × 10⁹ cells per L or higher, a platelet count of 100 × 10⁹ 
cells per L or higher, creatinine clearance of 60 mL/min or 
higher, normal electrolytes, normal liver function, and 
serum creatinine no greater than 1·5 times the upper limit 
of normal. Patients with peripheral neuropathy of grade 2 
or higher, unresolved diarrhoea of grade 2 or higher, or 
impaired cardiac function (QTcF greater than 450 ms) or 
other clinically signifi cant heart disease or vascular disease 
(eg, uncontrolled hypertension) were not eligible. We 
obtained written informed consent from all patients and 
the protocol was approved by institutional review boards at 
all participating institutions. The study was done in 
accordance with Good Clinical Practice guidelines and the 
Declaration of Helsinki.

Randomisation and masking
Patients were randomly assigned (1:1) to receive either 
panobinostat, bortezomib, and dexamethasone or placebo, 
bortezomib, and dexamethasone. The investigator or 
designee contacted an interactive web-based and voice 
response system to register, randomly assign, and stratify 
patients by number of previous treatment lines (one vs 
two to three) and previous use of bortezomib treatment 
(yes vs no). The randomisation system provider produced 
the patient randomisation list using a system that 
automated the random assignment of patient numbers to 
randomisation numbers, which were linked to the two 
treatment groups. The randomisation schema was 
reviewed and approved by the Novartis Randomization 
Offi  ce. Patients, physicians, and the Novartis clinical trial 
team were masked to treatment allocation; the statisticians 
who did data analysis (including B-RB) were masked to 
treatment allocation until unblinding at the time of the 
analysis of the primary endpoint. Crossover was not 
permitted. Matching panobinostat and placebo tablets 
were used to ensure masking.

Procedures
The study included two treatment phases with a 
maximum duration of 12 cycles. In treatment phase 1 
(eight 3-week cycles), patients received oral panobinostat 
(20 mg) or placebo three times per week for the fi rst 
2 weeks, and intravenous bortezomib (1·3 mg/m²) on 
days 1, 4, 8, and 11. Oral dexamethasone (20 mg) was 
given on the days of and after bortezomib was given. At 
the end of treatment phase 1, patients with clinical 
benefi t, defi ned as at least no change on day 1 of cycle 8 
(as assessed by the modifi ed European Group for Blood 
and Marrow Transplantation [EBMT] criteria, which 
include an intermediate category of response of near 
complete response),12–15 could proceed to treatment 
phase 2 (four 6-week cycles), in which panobinostat or 
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placebo was given on a similar schedule, but bortezomib 
was given once per week during weeks 1, 2, 4, and 5 and 
dexamethasone was given on the same and subsequent 
days as bortezomib (fi gure 1).

Dose delays and reductions were permitted for study 
treatment-related toxic eff ects, including grade 4 
thrombocytopenia or grade 3 thrombocytopenia with 
bleeding, grade 4 neutropenia (absolute neutrophil count 

Figure 1: Dosing schedule 
Boxes represent individual days; shaded boxes indicate the days on which doses were given. Panobinostat doses were 20 mg (oral), bortezomib doses were 1·3 mg/m2 (intravenous), and dexamethasone 
doses were 20 mg (oral).

Panobinostat or placebo

Bortezomib

Dexamethasone

Treatment phase 2 (cycles 9–12)

Week 1 Week 5Week 4Week 3Week 2 Week 6

Panobinostat or placebo

Bortezomib

Dexamethasone

Treatment phase 1 (cycles 1–8)

Figure 2: Trial profi le
*One patient randomly assigned to receive panobinostat was given placebo during cycles 1 and 2 because of a misallocation error; the patient was subsequently given 
panobinostat from cycle 3 until discontinuation of treatment, but was included in the placebo group for the safety analysis.

387 assigned to panobinostat, bortezomib, and
         dexamethasone

5 did not receive allocated treatment

382 received allocated treatment

382 discontinued treatment
 130 because of adverse event
 102 because of treatment completion
 82 because of disease progression
 34 withdrew consent
 21 deaths
 13 other

387 included in the progression-free and overall 
survival analyses

381 included in the safety analysis*

381 assigned to placebo, bortezomib, and 
         dexamethasone

5 did not receive allocated treatment

376 received allocated treatment

376 discontinued treatment
 66 because of adverse event
 102 because of treatment completion
 153 because of disease progression
 18 withdrew consent
 17 deaths
 20 other

381 included in the progression-free and overall 
survival analyses

377 included in the safety analysis*

1062 patients screened

294 not enrolled
 248 did not meet eligibility criteria
 15 patient decision
 1 unknown
 30 other

768 randomly assigned
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<0·5 × 10⁹ cells per L) or persistent (at least two 
occurrences within a cycle) neutropenia with absolute 
neutrophil count between 0·5 × 10⁹ and 0·75 × 10⁹ cells 
per L, grade 3 or 4 anaemia, grade 2 diarrhoea, grade 4 
vomiting or grade 3 vomiting uncontrolled by standard 
anti-emetic drugs, grade 3–4 fatigue, grade 3–4 
hyperbilirubinaemia, or more than fi ve times the upper 
limit of normal of aspartate amino  transferase or alanine 
aminotransferase. Dose reduction steps and full criteria 
for dose delays and reductions are described in the 
appendix (p 9–17). Patients who could not tolerate 
panobinostat, placebo, or bortezomib were required to 
permanently discontinue treat ment, but were followed 
for disease assessment and sur vival. Patients who could 
not tolerate dexamethasone were permitted to continue 
treatment without dexamethasone.

Response assessments based on the modifi ed EBMT 
criteria were done by investigators from local labora tory 
assess ment at screening, on day 1 of each cycle during 
treatment phase 1, on days 1 and 22 of each cycle 
during treatment phase 2, at the end-of-treatment visit, 
and every 6 weeks thereafter until relapse or progression. 
Responses required confi rmation after 6 weeks. 
Assessments were also done by an independent review 
committee without knowledge of the investigator-
reported responses. After discontinuation of treatment, 
patients were followed every 3 months for survival.

Safety assessments, including reporting of adverse 
events, serious adverse events, and laboratory assess-
ment, were done throughout the study. Adverse events 
were assessed in accordance with the Common Toxicity 
Criteria for Adverse Events version 3.0. Patients had 
electro cardiogram monitoring done in triplicate on 
days 1 and 5 of cycle 1 and on day 1 of cycles 2–8. Data 
were reviewed locally and centrally. Effi  cacy and safety 
data were reviewed by an independent data monitoring 
committee.

Outcomes
The primary endpoint was progression-free survival (as 
assessed by the investigators on the basis of the modifi ed 
EBMT criteria),12,16 and was defi ned as the time from 
randomisation until documented disease progression, 
relapse from complete response, or death, whichever 
came fi rst. The key secondary endpoint was overall 
survival, which was defi ned as the time from 
randomisation to death from any cause. Other secondary 
endpoints included the proportions of patients with an 
overall response (ie, partial response or better), near 
complete or complete response, or minimal response; 
response duration (from fi rst occurrence of partial 
response or better); time to partial response or better; 
time to progression (time from randomisation to fi rst 
documented disease progression or relapse); and safety. 
Results for health-related quality of life and the 
pharmacokinetics of panobinostat and bortezomib in a 
subset of Japanese patients will be reported elsewhere. 

Panobinostat, bortezomib, 
and dexamethasone (n=387)

Placebo, bortezomib, 
dexamethasone (n=381)

Age (years) 63 (56–69) 63 (56–68)

Age group (years)

<65 225 (58%) 220 (58%)

65 to <75 127 (33%) 133 (35%)

≥75 35 (9%) 28 (7%)

Sex

Male 202 (52%) 205 (54%)

Female 185 (48%) 176 (46%)

Ethnic origin

Asian 128 (33%) 104 (27%)

Black 5 (1%) 17 (4%)

White 249 (64%) 250 (66%)

Other 5 (1%) 10 (3%)

ECOG performance status*

0 175 (45%) 162 (43%)

1 191 (49%) 186 (49%)

2 19 (5%) 29 (8%)

Creatinine clearance

60–89 mL/min 265 (68%) 249 (65%)

≥90 mL/min 120 (31%) 129 (34%)

Missing data 2 (<1%) 3 (<1%)

ISS staging

Stage I 156 (40%) 152 (40%)

Stage II 104 (27%) 92 (24%)

Stage III 77 (20%) 86 (23%)

Not assessed 50 (13%) 51 (13%)

Multiple myeloma characteristics

Relapsed and refractory 134 (35%) 141 (37%)

Relapsed 247 (64%) 235 (62%)

Other 6 (2%) 5 (1%)

Previous autologous stem cell transplant

No 172 (44%) 157 (41%)

Yes 215 (56%) 224 (59%)

Previous treatment lines†

1 197 (51%) 198 (52%)

2 124 (32%) 108 (28%)

3 64 (17%) 75 (20%)

Drugs used in previous treatment

Bortezomib 169 (44%) 161 (42%)

Lenalidomide 72 (19%) 85 (22%)

Thalidomide 205 (53%) 188 (49%)

Melphalan (oral) 118 (30%) 102 (27%)

Cyclophosphamide 182 (47%) 166 (44%)

Dexamethasone 308 (80%) 315 (83%)

Bortezomib plus an 
immunomodulatory drug

94 (24%) 99 (26%)

Bortezomib plus dexamethasone 147 (38%) 143 (38%)

Data are n (%) or median (IQR). ECOG=Eastern Cooperative Oncology Group. ISS=International Staging System. *One 
patient with an ECOG performance status greater than 2 was enrolled into the placebo, bortezomib, and 
dexamethasone group; data for ECOG performance status were missing for two patients in the panobinostat, 
bortezomib, and dexamethasone group and three patients in the placebo, bortezomib, and dexamethasone group. 
†One patient in the panobinostat, bortezomib, and dexamethasone group had received no previous anti-neoplastic 
treatments and another had received more than three previous treatments.

Table 1: Baseline demographic and treatment characteristics
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Statistical analyses
The primary endpoint of progression-free survival was 
assessed in the full-analysis set (ie, all randomly assigned 
patients). To determine the sample size needed, we 
assumed median progression-free survival to be 
10·2 months for panobinostat, bortezomib, and 
dexamethasone and 7·5 months for placebo, bortezomib, 
and dexamethasone (hazard ratio [HR] 0·74). Progression-
free survival was censored at the date of the last adequate 
assessment before the analysis cutoff  date or start of new 
anti-neoplastic treatment for patients who had not 
progressed or who had received a new treatment. We 
used a two-sided log-rank test with a cumulative type I 
error of 0·05 and a power of 90% for an assumed HR of 
0·74 based on a sequential analysis plan with two planned 
interim analyses. Interim analyses were scheduled to 
occur after 33% and 80% of the 460 progression-free 
survival events required for the fi nal analysis were 
recorded. The planned second interim analysis was not 
done, but the α was spent at that timepoint per the group-
sequential design. The primary analysis was done with a 
stratifi ed log-rank test. We estimated an HR (with two-
sided 95% CI) for the treat ment eff ect of panobinostat, 
bortezomib, and dexamethasone over placebo, 
bortezomib, and dexamethasone based on a proportional 
hazards model that included treatment group and the two 
randomisation strata.

Methods used for progression-free survival sensitivity 
and subgroup analyses and the analyses of secondary 
endpoints are reported in the appendix (pp 1–2). Effi  cacy 
assessments including analysis of the primary and 
secondary endpoints done for the full analysis set and 
safety analyses were done for the safety set (patients who 
received one dose of any component of study treatment). 
We used SAS version 9.3 for the statistical analyses.

The study is registered with ClinicalTrials.gov, number 
NCT01023308.

Role of the funding source
The funder of the study collaborated with the study 
steering committee (JFS-M, VTMH, JH, PM, SL, JHL, 
HE, and PGR) in the study design, data collection, data 
analysis, and data interpretation, and provided support 
for preparation of the report. All authors had full access 
to all the data in the study and the corresponding author 
had fi nal responsibility for the decision to submit for 
publication.

Results
768 patients were enrolled between Jan 21, 2010, 
and Feb 29, 2012, with 387 randomly assigned to 
panobinostat, bortezomib, and dexamethasone and 381 to 
placebo, bortezomib, and dexamethasone (fi gure 2). 
Baseline characteristics were well balanced between the 
treatment groups (table 1). Nearly half of the patients had 
received at least two previous treatment regimens; 
previous treatment regimens used included bortezomib, 
thalidomide, lenalidomide, and bortezomib-immuno-
modulatory drug combination treatment (table 1).

Median duration of treatment was shorter in the 
panobinostat group than in the placebo group 
(5·0 months [IQR 2·23–10·75] vs 6·1 months 
[2·82–10·75]). The most common reasons for treatment 
termination were adverse events (130 [34%] in the 
panobinostat group vs 66 [17%] in the placebo group) and 
disease progression (82 [21%] vs 153 [40%]). Median 
relative dose intensities (fraction of total dose relative to 
planned dose) among patients in the safety set (381 in the 
panobinostat group and 377 in the placebo group) were 
in line with the shorter median duration mainly caused 

Figure 3: Kaplan-Meier curves for progression-free survival (full analysis set)
Symbols represent censoring events. HR=hazard ratio.
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Figure 4: Subgroup analysis for progression-free survival (full analysis set)
Cytogenetic analysis was done by fl uorescence in-situ hybridisation. The cytogenetic poor-risk group includes patients with any of three cytogenetic abnormalities at 
baseline: t(4; 14), t(14; 16), and 17p deletion. The cytogenetic normal-risk group includes patients with none of the poor-risk cytogenetic abnormalities at baseline. 
ISS=International Staging System. *Region pooled includes Africa, eastern Mediterranean, and southeast Asia.
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0·59 (0·46–0·76)
0·72 (0·53–0·96)

0·62 (0·46–0·85)
0·61 (0·47–0·80)

0·62 (0·44–0·87)
0·65 (0·52–0·82)

0·66 (0·50–0·86)
0·64 (0·50–0·83)

0·68 (0·53–0·87)
0·58 (0·44–0·77)

0·64 (0·48–0·85)
0·64 (0·50–0·81)

0·78 (0·57–1·08)
0·54 (0·43–0·68)

0·68 (0·55–0·85)
0·53 (0·37–0·76)

0·75 (0·47–1·20)
0·68 (0·52–0·89)
0·49 (0·33–0·73)
1·02 (0·51–2·03)

0·54 (0·39–0·75)
0·70 (0·56–0·89)

0·88 (0·60–1·29)
0·47 (0·18–1·25)

Overall (n=768)

Ethnic origin
Caucasian (n=499)
Asian (n=232)
Other (n=37)

Sex
Men (n=407)
Women (n=361)

Age group (years)
<65 (n=445)
≥65 (n=323)

Clinical staging by ISS
Stage I (n=308)
Stage II and III (n=359)

Renal impairment
No (n=249)
Yes (n=514)

Number of previous lines of treatment for multiple myeloma
One (n=352)
Two or three (n=416)

Previous use of bortezomib
No (n=432)
Yes (n=336)

Previous stem cell transplant 
No (n=329)
Yes (n=439)

Previous use of immunomodulatory drugs
No (n=283)
Yes (n=485)

Previous use of immunomodulatory drugs and bortezomib
No (n=570)
Yes (n=198)

Geographical region
Americas (n=122)
Europe (n=378)
Western Pacific (n=195)
Region pooled* (n=73)

Multiple myeloma characteristics
Relapsed and refractory (n=275)
Relapsed (n=482)

Cytogenetic risk group
Normal risk (n=167)
Poor risk (n=37)

0·24

0·09

0·28

0·83
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0·03
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Panobinostat, bortezomib, and 
dexamethasone better

Placebo, bortezomib, and
dexamethasone better
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by adverse events for the panobinostat group, at 80·7% 
for panobinostat, 75·7% for bortezomib, and 87·5% for 
dexamethasone. For the placebo group the median 
relative dose intensities were 95·1% for placebo, 86·7% 
for bortezomib, and 95·1% for dexamethasone. The 
numbers of patients in the safety set who required at 
least one dose change in the panobinostat group were 
194 (51%) for panobinostat, 231 (61%) for bortezomib, 
and 93 (24%) for dexamethasone; for the placebo group 
the equivalent numbers were 86 (23%) for placebo, 158 
(42%) for bortezomib, and 65 (17%) for dexamethasone.

Data cutoff  for this fi nal analysis of progression-free 
survival was Sept 10, 2013. Median follow-up was 
6·47 months (IQR 1·81–13·47) for the panobinostat 
group and 5·59 months (2·14–11·30) for the placebo 
group; patients remain in follow-up for overall survival. 
Median progression-free survival was signifi cantly longer 
in the panobinostat group than in the placebo group 
(11·99 months [95% CI 10·33–12·94] vs 8·08 months 
[7·56–9·23]; HR 0·63, 95% CI 0·52–0·76; p<0·0001; 
fi gure 3). 2-year progression-free survival was 20·6% 
(95% CI 15·4–26.4) in the panobinostat group and 8·4% 
(5·1–12·7) in the placebo group. Because the numbers of 
patients still at risk at 2 years for progression-free survival 
were fairly low (26 in the panobinostat group and 12 in 
the placebo group), these data should be interpreted with 
caution. Independent assessment of progression-free 
survival was con sistent with the investigator review: 
median progression-free survival was 11·99 months 
(95% CI 10·51–13·50) for the panobinostat group and 
8·31 months (7·62–9·92) for the placebo group (HR 0·63, 
95% CI 0·52–0·76; p<0·0001; appendix p 18).

The eff ect of panobinostat on progression-free 
survival was seen across all four randomisation strata 

(appendix p 19). The eff ect on progression-free survival 
was also seen in most prespecifi ed subgroups, 
including patients who had relapsed and refractory 
disease, those with stage II–III myeloma, those who 
were aged 65 years and older, and those who had 
previously used bortezomib (fi gure 4).

The multivariate Cox model analysis for progression-
free survival confi rmed the results of the primary analysis 
(HR 0·58, 95% CI 0·48–0·71; p<0·0001), suggesting 
signifi cant improvement in progression-free survival, 
with similar HRs, with panobinostat compared with 
placebo. All other sensitivity analyses further confi rmed 
results of the primary analysis (appendix p 18).

Figure 5: Kaplan-Meier curves for overall survival (full analysis set)
Symbols represent censoring events.
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Panobinostat, bortezomib, 
and dexamethasone (n=387)

Placebo, bortezomib, and 
dexamethasone (n=381)

Best response to treatment

Complete response 42 (11%) 22 (6%)

Near-complete response 65 (17%) 38 (10%)

Partial response 128 (33%) 148 (39%)

Minimal response 23 (6%) 42 (11%)

No change 65 (17%) 74 (19%)

Progressive disease 21 (5%) 32 (8%)

Unknown 43 (11%) 25 (7%)

Overall response (partial response or better) 235 (60·7%, 55·7–65·6) 208 (54·6%, 49·4–59·7)*

Near-complete plus complete response 107 (27·6%, 23·2–32·4) 60 (15·7%, 12·2–19·8)†

Median time to response (months) 1·51 (1·41–1·64) 2·00 (1·61–2·79)

Median duration of response (months) 13·14 (11·76–14·92) 10·87 (9·23–11·76)

Median time to fi rst progression, relapse, or 
death from multiple myeloma (months)

12·71 (11·30–14·06) 8·54 (7·66–9·72)

Data are n (%), n (%, 95% CI), or median (95% CI). *p=0·09. †p=0·00006 (based on post-hoc testing).

Table 2: Best response and secondary effi  cacy endpoints
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The key secondary endpoint was overall survival. At 
data cutoff , 286 deaths had occurred (134 [35%] in the 
panobinostat group and 152 [40%] in the placebo 
group), and median overall survival was 33·64 months 
(95% CI 31·34–not estimable) in the panobinostat 
group versus 30·39 months (26.87–not estimable) in 
the placebo group (HR 0·87, 95% CI 0·69–1·10; 
p=0·26; fi gure 5). Overall survival data are not yet 
mature, and the fi nal analysis will be done after 
415 deaths have been recorded.

Data for best overall response, overall response, near 
complete plus complete response, median time to 
response, median duration of response, and median 
time to progression or relapse are reported in table 2. 

Among patients who achieved at least near complete 
response, median progression-free survival was 
19·38 months (95% CI 15·90–26·61) in the panobinostat 
group and 15·21 months (14·09–19·58) in the placebo 
group. Median response duration was longer for patients 
in the panobinostat group than for those in the placebo 
group, as was time to fi rst progression, relapse, or death 
from multiple myeloma (table 2).

The safety analysis set included 381 patients in the 
panobinostat group and 377 patients in the placebo 
group. Reported adverse events that occurred in at least 
25% of patients in either treatment group, irrespective of 
cause, are listed by system organ class in the appendix 
(p 20). Grade 3–4 adverse events occurred in 364 (96%) 

Panobinostat, bortezomib, and dexamethasone (n=381) Placebo, bortezomib, and dexamethasone (n=377)

Total Grade 1 Grade 2 Grade 3 Grade 4 Total Grade 1 Grade 2 Grade 3 Grade 4

Non-haematological adverse events

Diarrhoea 260 (68%) 87 (23%)   76 (20%) 92 (24%) 5 (1%) 157 (42%) 77 (20%) 50 (13%) 28 (7%) 2 (<1%)

Peripheral neuropathy* 231 (61%) 75 (20%) 89 (23%) 65 (17%) 2 (<1%) 253 (67%) 107 (29%) 91 (24%) 55 (15%) 0

Asthenia or fatigue† 217 (57%) 63 (17%) 63 (17%) 86 (23%) 5 (1%) 153 (41%) 68 (18%) 40 (11%) 44 (12%) 1 (<1%)

Nausea 138 (36%) 72 (19%) 45 (12%) 20 (5%) 1 (<1%) 78 (21%) 54 (14%) 22 (6%) 2 (<1%) 0

Peripheral oedema 109 (29%) 67 (18%) 34 (9%) 8 (2%) 0 72 (19%) 55 (15%) 16 (4%) 1 (<1%) 0

Decreased appetite 107 (28%) 54 (14%) 41 (11%) 12 (3%) 0 47 (12%) 30 (8%) 13 (3%) 3 (<1%) 1 (<1%)

Constipation 102 (27%) 61 (16%) 37 (10%) 4 (1%) 0 123 (33%) 81 (21%) 38 (10%) 3 (<1%) 1 (<1%)

Pyrexia 99 (26%) 71 (19%) 23 (6%) 5 (1%) 0 56 (15%) 36 (10%) 13 (3%) 6 (2%) 1 (<1%)

Vomiting 98 (26%) 39 (10%) 31 (8%) 25 (7%) 3 (<1%) 49 (13%) 30 (8%) 14 (4%) 5 (1%) 0

Cough 81 (21%) 58 (15%) 19 (5%) 4 (1%) 0 70 (19%) 53 (14%) 17 (5%) 0 0

Insomnia 73 (19%) 54 (14%) 19 (5%) 0 0 61 (16%) 46 (12%) 14 (4%) 1 (<1%) 0

Dizziness 71 (19%) 40 (10%) 20 (5%) 11 (3%) 0 62 (16%) 37 (10%) 16 (4%) 9 (2%) 0

Upper respiratory tract 
infection

68 (18%) 25 (7%) 34 (9%) 9 (2%) 0 55 (15%) 27 (7%) 22 (6%) 6 (2%) 0

Pneumonia 65 (17%) 0 17 (4%) 37 (10%) 11 (3%) 48 (13%) 2 (<1%) 7 (2%) 29 (8%) 10 (3%)

Dyspnoea 56 (15%) 30 (8%) 17 (4%) 7 (2%) 2 (<1%) 44 (12%) 22 (6%) 13 (3%) 7 (2%) 2 (<1%)

Hypotension 53 (14%) 28 (7%) 14 (4%) 9 (2%) 2 (<1%) 35 (9%) 19 (5%) 11 (3%) 4 (1%) 1 (<1%)

Headache 52 (14%) 37 (10%) 12 (3%) 3 (<1%) 0 40 (11%) 24 (6%) 15 (4%) 1 (<1%) 0

Abdominal pain 51 (13%) 27 (7%) 15 (4%) 9 (2%) 0 40 (11%) 29 (8%) 8 (2%) 1 (<1%) 2 (<1%)

Nasopharyngitis 49 (13%) 32 (8%) 17 (4%) 0 0 47 (12%) 30 (8%) 15 (4%) 2 (<1%) 0

Back pain 48 (13%) 20 (5%) 25 (7%) 3 (<1%) 0 47 (12%) 27 (7%) 15 (4%) 5 (1%) 0

Dyspepsia 47 (12%) 32 (8%) 14 (4%) 1 (<1%) 0 43 (11%) 24 (6%) 18 (5%) 1 (<1%) 0

Upper abdominal pain 44 (12%) 30 (8%) 11 (3%) 3 (<1%) 0 36 (10%) 23 (6%) 12 (3%) 1 (<1%) 0

Weight decreased 44 (12%) 22 (6%) 15 (4%) 7 (2%) 0 17 (5%) 11 (3%) 4 (1%) 2 (<1%) 0

Pain in extremity 40 (10%) 24 (6%) 15 (4%) 1 (<1%) 0 54 (14%) 25 (7%) 26 (7%) 3 (<1%) 0

Herpes zoster 18 (5%) 5 (1%) 9 (2%) 3 (<1%) 1 (<1%) 40 (11%) 8 (2%) 25 (7%) 7 (2%) 0

Newly occurring or worsening haematological laboratory abnormalities‡

Platelet count 371/380 (98%) 43/298 (14%) 72/373 (19%) 124/380 (33%) 132/380 (35%) 314/376 (84%) 120/374 (44%) 76/369 (21%) 73/375 (19%) 45/376 (12%)

Absolute lymphocyte count 314/380 (83%) 20/316 (6%) 92/350 (26%) 157/374 (42%) 45/380 (12%) 278/377 (74%) 22/314 (7%) 106/347 (31%) 123/368 (33%) 27/377 (7%)

White blood cell count 308/380 (81%) 72/282 (26%) 148/358 (41%) 78/379 (21%) 10/380 (3%) 180/377 (48%) 77/273 (28%) 72/349 (21%) 26/375 (7%) 5/377 (1%)

Absolute neutrophil count 285/380 (75%) 45/323 (14%) 109/360 (30%) 106/379 (28%) 25/380 (7%) 134/377 (36%) 34/306 (11%) 57/352 (16%) 34/375 (9%) 9/377 (2%)

Haemoglobin concentration 235/379 (62%) 49/86 (57%) 119/278 (43%) 56/372 (15%) 11/379 (3%) 197/377 (52%) 47/68 (69%) 78/254 (31%) 63/361 (17%) 9/377 (2%)

Data are n (%) or n/N (%). Events are shown that occurred in at least 10% of  patients in either treatment group in the safety set. *Hypoaesthesia, muscular weakness, neuralgia, neuropathy peripheral, 
paraesthesia, peripheral sensory neuropathy, or polyneuropathy. †Asthenia and fatigue adverse event terms. ‡Numerator and denominator are reported for each grade because data are for newly occurring or 
worsening abnormalities; denominators exclude patients who had the same or higher grade abnormality at baseline (those with missing data at baseline were assumed to have no abnormality). 

Table 3: Adverse events and haematological laboratory abnormalities
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patients in the panobinostat group and 310 (82%) 
patients in the placebo group. Common grade 3–4 non-
haematological adverse events included diarrhoea, 
asthenia or fatigue, and peripheral neuropathy, all of 
which were more common in the panobinostat group 
than in the placebo group (table 3). Grade 3–4 
haemorrhage occurred in 16 (4%) patients in the 
panobinostat group and nine (2%) patients in the placebo 
group. Grade 3–4 haematological laboratory abnor-
malities that were more common in the panobinostat 
group than in the placebo group included thrombo-
cytopenia, lymphopenia, and neutropenia (table 3).

Analysis of platelet kinetics during treatment showed 
that median platelet counts recovered to baseline levels at 
the beginning of each cycle (fi gure 6). Biochemical 
laboratory abnormalities are listed in the appendix (p 21). 
Among patients in the safety analysis, serious adverse 
events were reported in 228 (60%) patients in the 
panobinostat group and in 157 (42%) patients in the 
placebo group. 138 (36%) of the patients who 
received panobinostat, bortezomib, and dexamethasone 
discontinued study treatment because of adverse events, 
compared with 77 (20%) of the patients who received 
placebo, bortezomib, and dexamethasone. Discon-
tinuation because of adverse events suspected to be 
related to study drug occurred in 90 (24%) patients in the 
panobinostat group and 45 (12%) patients in the placebo 
group. Grade 3–4 adverse events led to discontinuation 
for 97 (25%) patients in the panobinostat group and 50 
(13%) patients in the placebo group. The most common 
adverse events that led to discontinuation for patients in 
the panobinostat group were diarrhoea (17 [4%]), 
peripheral neuropathy (14 [4%]), asthenia or fatigue (22 
[6%]), thrombocytopenia (six [2%]), and pneumonia (fi ve 
[1%]); for the placebo group, the most common adverse 
events that led to discontinuation were fatigue (11 [3%]), 

pneumonia (eight [2%]), peripheral neuropathy (seven 
[2%]), and diarrhoea (six [2%]).

Local and central electrocardiogram analysis revealed 
few instances of prolonged QT interval corrected for heart 
rate by use of Fridericia’s formula (QTcF). No patients in 
the panobinostat group and two in the placebo group had a 
maximum QTcF above 500 ms. Five patients in the 
panobinostat group had QTcF value above 480 ms but not 
higher than 500 ms. Few patients (three in the panobinostat 
group and four in the placebo group) had a QTcF increase 
greater than 60 ms from baseline. T-wave changes (151 
[40%] vs 69 [18%]) and ST-T segment changes (83 [22%] vs 
13 [3%]) were more common in the panobinostat group 
than in the placebo group, but seemed to be asymptomatic.

30 (8%) patients in the panobinostat group died while 
on treatment, compared with 18 (5%) in the placebo group 
(table 4). Of these deaths, four in the panobinostat group 
and six in the placebo group were due to progressive 
disease. In the panobinostat group, 11 deaths were judged 
to be possibly related to study treatment by the investigator; 
the events were haemorrhage (n=2), infection (n=7), 
myocardial infarction (n=1), and cerebrovascular accident 
(n=1). In the placebo group, seven deaths were judged to 
be possibly related to treatment; the events were infection 
(n=4), haemorrhage (n=1), pulmonary embolism (n=1), 
and cardiac arrest (n=1).

Discussion
In this phase 3 trial in patients with relapsed or relapsed 
and refractory multiple myeloma, panobinostat, 
bortezomib, and dexamethasone led to a clinically 
relevant and signifi cant increase in progression-free 
survival compared with placebo, bortezomib, and 
dexamethasone. Effi  cacy in the placebo group was 
similar to that in historical controls.13,17 The eff ect on 
progression-free survival was confi rmed by sensitivity 

Figure 6: Median platelet count by treatment group in treatment phase 1
*Time is shown in the format: cycle number, day of cycle.
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analyses and was consistent across all stratifi cation 
factors and subgroups analysed, suggesting benefi t 
irrespective of previous treatment or baseline 
characteristics (panel). The eff ect on progression-free 
survival was seen in key subgroups, including patients 
with relapsed and refractory multiple myeloma, those 
who had previously received bortezomib treatment, and 
those with more than one previous line of treatment. 
There was a suggestion of benefi t in those with high-risk 
cytogenetic characteristics, although patient numbers 
were low and preclude fi rm conclusions. These data 
suggest that panobinostat, bortezomib, and 
dexamethasone could be benefi cial for patients with 
poor prognostic factors, and that additional studies 
should be done in these patients.

The proportion of patients achieving an overall response 
was similar in both treatment groups. However, a greater 
proportion of patients achieved a near complete or 
complete response in the panobinostat group than in the 
placebo group. Our results are consistent with those of 
other studies that showed increased progression-free 
survival among patients who achieve at least near complete 
response in relapsed and refractory multiple myeloma.18

Overall, treatment duration was shorter and the 
frequency of adverse events was higher in the 
panobinostat group than in the placebo group. Grade 3–4 
adverse events and haematological laboratory abnor-
malities that were more frequent with panobinostat 
than with placebo included thrombocytopenia, lympho-
penia, neutropenia, diarrhoea, and asthenia or fatigue. 
These data refl ect the partly overlapping toxicity profi les 
of panobinostat and bortezomib. Although more than 
two-thirds of patients in the panobinostat group 
had grade 3–4 thrombocytopenia, discontinuation 
due to thrombo cytopenia was low (2%). Generally, 

thrombocytopenia was manageable, reversible, and not 
cumulative, with platelet recovery to baseline at the end 
of each cycle.

The frequency of grade 3–4 haemorrhage was low (4%) 
in the panobinostat group, consistent with previous 
reports for single-agent panobinostat.19 Grade 3–4 
diarrhoea was fairly common in the panobinostat group 
(25%); however, few patients (3%) discontinued 
treatment because of grade 3–4 diarrhoea. An analysis of 
the frequency of diarrhoea by dose cohort in the phase 1b 
study10 of panobinostat plus bortezomib showed that the 
proportion of patients with grade 3–4 diarrhoea 
increased when the bortezomib dose was increased from 
1 mg to 1·3 mg twice per week (appendix p 23), 
suggesting that the tolerability of this regimen might 
improve through bortezomib dose modifi cation. 
Electrocardiogram analyses confi rmed results from 
earlier studies,10,11 which showed a fairly low frequency of 
QTcF prolongation associated with panobinostat, 
bortezomib, and dexamethasone.

On-treatment deaths in both groups were within the 
range of what is anticipated for patients with relapsed or 
relapsed and refractory multiple myeloma, and the 
pattern of deaths possibly related to study drug, as judged 
by the investigator, was consistent with the known 
safety risks for both panobinostat and bortezomib. 
Overall, the safety profi le of the combination of 
panobinostat, bortezomib, and dexamethasone was 
consistent with profi les from phase 1 and 2 studies,10,11 
and for many patients who were given appropriate 
supportive care, toxic eff ects were manageable. 
Consistent with medical practice at study inception, 
bortezomib was given intravenously, twice per week; 
however, clinical practice has shifted toward 
subcutaneous bortezomib given once per week, on the 
basis of a more favourable safety profi le.17,20–22 Provision of 
bortezomib in accordance with this new standard should 
improve the tolerability of panobinostat, bortezomib, and 
dexamethasone, potentially leading to a longer treatment 
duration and improved outcomes.

This study is the fi rst to show a signifi cant and 
clinically relevant increase in progression-free survival 
for patients with relapsed or relapsed and refractory 
multiple myeloma who were treated with an epigenetic 
modulator via pan-deacetylase-inhibitor-based treat-
ment. In a phase 3 study in patients with relapsed and 
refractory multiple myeloma,5 a signifi cant increase in 
progression-free survival was seen in patients who 
received bortezomib plus the deacetylase inhibitor 
vorinostat compared with patients who received 
bortezomib plus placebo. However, the median 
progression-free survival benefi t was quite short 
(7·63 months [95% CI 6·87–8·40] vs 6·83 months 
[5·67–7·73]; HR 0·77, 95% CI 0·64–0·94; p=0·01]) and 
was not consistent across the subgroups analysed, 
leading the investigators to conclude that the clinical 
relevance of their fi ndings was unclear. Variability of 

Panobinostat, bortezomib, 
and dexamethasone (n=381)

Placebo, bortezomib, and 
dexamethasone (n=377)

Total 30 (8%) 18 (5%)

Deaths due to progressive disease 4 (1%) 6 (2%)

Deaths due to other causes 26 (7%) 12 (3%)

Infection 10 (3%) 6 (2%)

Haemorrhage 5 (1%) 1 (<1%)

Cardiac arrest 2 (<1%) 2 (<1%)

Myocardial infarction 3 (<1%) 0

Acute renal failure 2 (<1%) 0

Respiratory failure 0 2 (<1%)

Cerebrovascular accident 1 (<1%) 0

Pulmonary oedema 1 (<1%) 0

Ischemia secondary to surgery 1 (<1%) 0

Intentional overdose 1 (<1%) 0

Pulmonary embolism 0 1 (<1%)

Possibly related to study drug* 11 (3%) 7 (2%)

*As judged by investigator.

Table 4: On-treatment deaths



Articles

www.thelancet.com/oncology   Vol 15   October 2014 1205

outcomes with vorinostat and panobinostat in phase 3 
trials might result from diff erences in study designs, 
such as the use of dexamethasone in PANORAMA1, or 
diff erences in the properties of the deacetylase inhibitors 
used, such as the greater potency of panobinostat against 
histone deacetylases, its longer half-life, or the favourable 
tolerability profi le with the dose and schedule used in 
the present study.6,10,23

PANORAMA1 is the fi rst phase 3 trial to show a benefi t 
for a three-drug combination compared with a two-drug 
combination in patients with relapsed or relapsed and 
refractory multiple myeloma. In a study in patients with 
relapsed multiple myeloma after autologous stem cell 
transplantation, the combination of bortezomib, 
thalidomide, and dexamethasone signifi cantly increased 
effi  cacy compared with thalidomide and dexamethasone.24 
In our study, the frequency of peripheral neuropathy was 
similar with both treatments, and the frequency of 
grade 3–4 peripheral neuropathy for both treatment 
groups was similar to those reported in previous trials of 
intravenous bortezomib.13,17 The frequency of peripheral 
neuropathy in patients receiving panobinostat, 
bortezomib, and dexamethasone would probably be 
reduced if given with subcutaneous bortezomib, the 
present standard of care.

Our results are noteworthy within the context of the 
existing treatment landscape. Several drugs have shown 
activity in the relapsed and refractory setting, including 
the immunomodulatory drugs lenalidomide and 
pomalidomide and the second-generation proteasome 
inhibitor carfi lzomib. Combinations with these drugs 
have shown activity in heavily pretreated patients.25–28 
These novel drugs have unique safety profi les. Common 
adverse events for patients with relapsed and refractory 
multiple myeloma who received carfi lzomib in a phase 
2 trial28 include fatigue (49%), anaemia (46%), nausea 
(45%), and thrombocytopenia (39%). For pomalidomide, 
common adverse events reported in a phase 3 clinical 
trial10 of pomalidomide plus low-dose dexamethasone 
versus high-dose dexamethasone alone were infections 
and infestations (68%), anaemia (52%), neutropenia 
(51%), fatigue (34%), and thrombocytopenia (30%). 
Because the combination of panobinostat, bortezomib, 
and dexamethasone is associated with diarrhoea, 
thrombocytopenia, and asthenia or fatigue, treatment 
decisions in this setting might be aff ected by potential 
toxic eff ects, particularly in patients at risk for specifi c 
adverse events. Nevertheless, this combination provides 
an important new platform for combining agents in 
this setting, and the toxicity profi le is expected to 
improve with the use of subcutaneous bortezomib 
given once per week.

In summary, our results show that panobinostat, a 
drug with a novel mechanism of action, improves 
progression-free survival when combined with 
bortezomib and dexamethasone. Together with the 
results of PANORAMA2,12 which showed the effi  cacy of 

panobinostat, bortezomib, and dexamethasone in 
patients with bortezomib-refractory disease, these 
fi ndings validate the hypothesis of deacetylase inhibition 
and suggest that panobinostat could be an important 
addition to the treatment armamentarium for patients 
with multiple myeloma.
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Panel: Research in context

Systematic review
We searched PubMed using the terms “multiple myeloma” and “histone deacetylase 
inhibitors” for articles published in English between July 31, 2009, and July 31, 2014. We 
identifi ed only one previous large, randomised, prospective, phase 3 clinical trial5 that 
assessed the use of a deacetylase inhibitor in patients with multiple myeloma. In that 
study, which compared vorinostat plus bortezomib with placebo plus bortezomib in 
patients with relapsed or refractory multiple myeloma, the progression-free survival 
benefi t of less than 1 month in patients given vorinostat plus bortezomib was not 
consistent across the analysed subgroups. Therefore, the results did not have clear clinical 
relevance.

Interpretation
The results of PANORAMA1 show that panobinostat, a drug with a novel mechanism of 
action, improves progression-free survival by nearly 4 months when combined with 
bortezomib and dexamethasone in patients with relapsed or relapsed and refractory 
multiple myeloma. Panobinostat, bortezomib, and dexamethasone also improved 
response quality and duration compared with placebo, bortezomib, and dexamethasone, 
and although more toxic eff ects and treatment-related discontinuations were noted with 
the combination, the side-eff ects were generally manageable. These results suggest that 
panobinostat could be an important addition to the treatment armamentarium for 
relapsed or relapsed and refractory multiple myeloma.
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