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Background. Panobinostat is a histone deacetylase inhibitor with antineoplastic and antiangiogenic effects in glioma that may
work synergistically with bevacizumab. We conducted a multicenter phase II trial of panobinostat combined with bevacizumab
in patients with recurrent high-grade glioma (HGG).

Methods. Patients with recurrent HGG were treated with oral panobinostat 30 mg 3 times per week, every other week, in combi-
nation with bevacizumab 10 mg/kg every other week. The primary endpoint was a 6-month progression-fee survival (PFS6) rate for
participants with recurrent glioblastoma (GBM). Patients with recurrent anaplastic glioma (AG) were evaluated as an exploratory
arm of the study.

Results. At interim analysis, the GBM arm did not meet criteria for continued accrual, and the GBM arm was closed. A total of 24
patients with GBM were accrued prior to closure. The PFS6 rate was 30.4% (95%, CI 12.4%-50.7%), median PFS was 5 months
(range, 3-9 months), and median overall survival (OS) was 9 months (range, 6-19 months). Accrual in the AG arm continued to
completion, and a total of 15 patients were enrolled. The PFS6 rate was 46.7% (range, 21%-73%), median PFS was 7 months
(range, 2-10 months), and median OS was 17 months (range, 5 months-27 months).

Conclusions. This phase II study of panobinostat and bevacizumab in participants with recurrent GBM did not meet criteria for
continued accrual, and the GBM cohort of the study was closed. Although it was reasonably well tolerated, the addition of pan-
obinostat to bevacizumab did not significantly improve PFS6 compared with historical controls of bevacizumab monotherapy in
either cohort.
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High-grade gliomas, which include glioblastomas (GBMs) and
anaplastic gliomas (AGs), are the most common malignant
primary braintumors in adults® and are associated with poor sur-
vival despite maximal surgery, radiation, and chemotherapy.”
Bevacizumab, a humanized monoclonal antibody against vas-
cular endothelial growth factor (VEGF), is frequently used to
treat recurrent high-grade glioma (HGG). Bevacizumab mono-
therapy received accelerated approval for recurrent GBM by
the United States Food and Drug Administration in 2009 on
the basis of phase II clinical trials demonstrating response

rates of 20%-26%, 6-month progression-free survival (PFS6)
rates of 29%-42.6%, and median overall survival (OS) of
7.1-9.2 months.>® Phase II studies in recurrent AG suggest
that bevacizumab plus irinotecan also has activity in this pa-
tient population with response rates of 55%-66% and PFS6
rates of 56%-61%.”® However, responses to bevacizumab
are not durable, and some patients fail to benefit.’
Panobinostat is a potent, small-molecule inhibitor of classes
[, II, and 1V histone deacetylases (HDACs) with greater potency
than vorinostat.'® HDAC inhibitors, including panobinostat, may
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inhibit angiogenesis by reducing VEGF secretion and modulat-
ing the expression of other VEGF family members via inhibition
of HIF-1a.'*"** In addition, the SDF-1a/CXCR4 pathway has
been implicated in bevacizumab resistance,'*~*” and panobi-
nostat depletes CXCR4 levels and signaling.'® A phase I study
of panobinostat in combination with bevacizumab for recurrent
HGG suggested that oral panobinostat 30 mg 3 times per week,
every other week, can be safely combined with bevacizumab
10 mg/kg every other week.'® We conducted a multicenter,
phase II trial of panobinostat in combination with bevacizumab
in patients with recurrent GBM. We also examined the same
combination of agents in patients with recurrent AG as an ex-
ploratory arm.

Materials and Methods

The study was approved by the local institutional review boards
at each of the participating institutions. All patients gave signed
informed consent per institutional guidelines. Two arms were
enrolled: recurrent GBM as the primary study population and re-
current AG as an exploratory cohort. This study was registered
on www.clinicaltrials.gov (NCT00859222).

Patient Eligibility

Eligibility criteria included histologically confirmed GBM or glio-
sarcoma for the GBM arm or histologically confirmed anaplastic
astrocytoma (AA), anaplastic oligodendroglioma (AO), or ana-
plastic oligoastrocytoma (AOA) for the AG arm. Additional crite-
ria for both cohorts included age > 18 years old, KPS > 60%, no
more than 2 prior relapses, and adequate bone marrow reserve
and organ function. Prior treatments with VEGF-targeted ther-
apies and/or HDAC inhibitors were not permitted. Patients on
enzyme-inducing anticonvulsants, valproic acid, warfarin, or
QT-prolonging medications were excluded, as were patients
with clinically significant cardiovascular events, cardiac ar-
rhythmias, QT-prolonging conditions, a history of grade 3
thrombocytopenia on any prior regimen, presence of > grade
2 peripheral neuropathy, bleeding diathesis or coagulopathy,
history of abdominal fistula or gastrointestinal perforation, se-
rious nonhealing wounds, or significant intratumoral or peritu-
moral hemorrhage. Recent resection for recurrent disease was
allowed > 4 weeks after surgery; residual disease after resec-
tion was not required. At least 15 unstained fresh-frozen,
paraffin-embedded slides from a prior surgery were required
to participate in the study.

Treatment and Study Design

Panobinostat was supplied by Novartis Pharmaceuticals Corpo-
ration, and bevacizumab was supplied by Genentech. Doses
were chosen based on results from a phase I study of recurrent
HGG." Participants received panobinostat orally 30 mg 3 times
per week, every other week (days 1, 3,5 and 15, 17, 19 of every
28-day cycle) as well as bevacizumab intravenously at 10 mg/kg
on days 1 and 15 of every 28-day cycle. Participants were eval-
uated every 2 weeks and as clinically indicated while on the
study. Brain MRIs with and without contrast were obtained
every 8 weeks. The primary endpoint was PFS6. Secondary ob-
jectives included median progression free survival (PFS), OS,

overall response rate, and safety. Toxic effects were graded ac-
cording to the National Cancer Institute Common Toxicity Crite-
rig, version 4.0. Radiographic assessments were performed by
the local investigator and were based on the Response Assess-
ment in Neuro-Oncology (RANO) criteria.?® Survival analysis
was based on Kaplan-Meier estimates.

Statistical Analysis

The primary clinical objective of this phase of the study was to
determine if bevacizumab in combination with panobinostat
could significantly delay progression in participants with recur-
rent GBM. Based on Friedman et al®, the historical PFS6 was
35% for the bevacizumab-alone arm. This trial was powered
to discriminate between 35% and 55% PFS6 rates. With accrual
of 41 GBM participants, the trial would have been considered a
success if at least 20 GBM participants were progression free by
6 months. This design had at least 85% power and a .07 signifi-
cance level to predict a difference between the null hypothesis
of 35% PFS6 rate and the alternative hypothesis of 55% PFS6
rate.

The protocol specified a planned interim analysis after the
first 21 participants had been accrued. If 12 or more of those
patients had been observed to have died or had disease pro-
gression/relapse within 6 months of initiating treatment, accru-
al was to be suspended and the data carefully reviewed before
proceeding with additional patient accrual. Participants who
were removed from active treatment for toxicity prior to reach-
ing 6 months on treatment were not included in this interim
analysis. Participants with recurrent GBM enrolled in the
phase I study at the maximum tolerated dose (ie, the phase
IT dose) were eligible for inclusion in the interim analysis.

Immunohistochemistry for Isocitrate Dehydrogenese
1 Mutation

The tumors of participants enrolled in the AG arm were tested
for R132H IDH1 mutation status by immunohistochemistry on
formalin-fixed, paraffin-embedded sections as previously de-
scribed.?? Isocitrate dehydrogenese 1 (IDH1) status was not
tested in the GBM arm.

Results

Interim Analysis

Thirteen of the first 21 participants in the GBM arm progressed
within 6 months. The study did not meet criteria for continued
accrual, and the GBM arm of the study was closed following in-
terim analysis. The data from the GBM arm presented here are
based on all participants included in the interim analysis. Accru-
al to the exploratory AG arm of the study was not stopped de-
spite the interim analysis results; therefore, accrual in this
exploratory arm continued to completion.

Patient Characteristics

A total of 24 participants with GBM were accrued prior to study
closure (Table 1). Median age was 53 years (range, 22-66
years), median KPS was 85% (range, 60% -100%), and median
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Table 1. Participant characteristics

Table 2. Outcomes

Characteristic GBM Arm AG Arm
(N=124) (N=15)

Age, years, median (range) 53 (22-66) 48 (31-69)
KPS, median (range) 85 (60-100) 85 (70-100)
Sex, female, N (%) 10 (41.7%) 5(33.3%)
Race, N (%)

Caucasian 16 (66.7%) 14 (93.3%)

Multiracial 2 (8.33%) 0

Asian 1 (4.2%)

Other 5 (20.8%) 1 (6.7%)
Number of prior relapses, median 1(1-2) 1(1-4)

(range)

1, N (%) 15 (62.5%) 7 (46.7%)

2, N (%) 9 (37.5%) 4 (26.7%)

3, N (%) 0 3 (20%)

4, N (%) 0 1(6.7%)
Histology, N (%)

GBM 24 (100%) N/A

AA N/A 8 (53.3%)

AO N/A 5(33.3%)

AOCA N/A 2 (13.3%)
R132H IDH1 mutation by N/A 10 (66.7%)

immunohistochemistry, N (%)

Abbreviations: AA, anaplastic astrocytoma; AG, anaplastic glioma; AO,
anaplastic oligodendroglioma; AOA, anaplastic oligoastrocytoma; GBM,
glioblastoma.

number of prior relapses was 1 (range, 1-2). In the AG arm, 15
patients were enrolled with a median age of 48 years (range,
31-69 years), median KPS 85% (range, 70%-100%), and medi-
an number of prior relapses of 1 (range, 1-4). Histologies in the
AG arm included 8 participants with AA (53.3%), 5 with AO
(33.3%), and 2 with AOA (13.3%).

Outcomes

In the GBM arm, the PFS6 rate was 30.4% (95% CI, 12.4%-
50.7%), median PFS was 5 months (95% CI, 3-9 months),
and median OS was 9 months (95% CI, 6 months-19 months)
(Table 2, Fig. 1). Radiographic responses by RANO criteria includ-
ed 7 partial responses (29.2%), 14 stable disease (58.3%), and
3 progressive disease (12.5%). In the AG arm, the PFS6 rate was
46.7% (range, 21%-73%), median PFS was 7 months (range,
2-10 months), and median OS was 17 months (range, 5-27
months). Radiographic responses by RANO criteria included 4
partial responses (26.7%), 9 stable disease (60.0%), and 2 pro-
gressive disease (13.3%).

Toxicity

In the GBM arm, the most common grade 3 or higher toxicities
attributed to panobinostat and/or bevacizumab included hypo-
phosphatemia (12.5%), thrombocytopenia (12.5%), lymphopenia
(8.3%), neutropenia (8.3%), and alanine amino transferase eleva-
tion (8.3%) (Table 3). There was one grade 4 CNS hemorrhage

GBM Arm (N = 24) AG Arm (N=15)

Median OS (95% CI) 9 months (6, 19)
IDH1 wild-type by IHC -
IDH1 mutant by IHC -
Median PFS (95% CI) 5 months (3, 9)
IDH1 wild-type by IHC -
IDH1 mutant by IHC -
PFS6 rate (95% CI) 30.4% (12.4%, 50.7%)
IDH1 wild-type by IHC -
IDH1 mutant by IHC -
Best radiographic response (RANO)
Complete response 0 0

17 months (5, 27)

5 months (2,9)

22 months (7, NR)

7 months (2, 10)

3 months (1, NR)

9 months (1, NR)

46.7% (21%, 73%)
20% (0.8%, 58%)
70% (33%, 90%)

Partial response 7 (29.2%) 4 (26.7%)
Stable disease 14 (58.3%) 9 (60.0%)
Progressive disease 3 (12.5%) 2 (13.3%)

Abbreviations: AG, anaplastic glioma; GBM, glioblastoma; IHC,
immunohistochemistry; OS, overall survival; PFS, progression-free
survival; RANO, Response Assessment in Neuro-Oncology.
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Fig. 1. Overall survival (solid line) and progression-free survival (dashed
line) in the glioblastoma arm.

(4.2%) and one grade 4 pulmonary embolism (4.2%). In the AG
arm, the most common grade 3 or 4 toxicities attributed to pan-
obinostat and/or bevacizumab included thrombocytopenia
(20.0%) and hypophosphatemia (13.3%). There were no deaths
related to study treatment in either arm of the study.

IDH1 Mutations in the Anaplastic Glioma Arm

IDH1 R132H mutation status was examined in the AG arm.
Ten participants (66.7%) demonstrated IDH1 positivity by
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Table 3. Grade 3 or higher toxicities possibly, probably, or definitely associated with panobinostat and/or bevacizumab

Toxicity GBM Arm (N = 24) AG Arm (N=15)
Grade 3 Grade 4 Grade 3 Grade 4
Hematologic
Lymphopenia 2 (8.3%) 0 0
Neutropenia 2 (8.3%) 0 0 1 (6.7%)
Thrombocytopenia 1 (4.2%) 2 (8.3%) 3 (20.0%) 0
Nonhematologic
ALT elevation 2 (8.3%) 0 0 0
CNS hemorrhage 0 1 (4.2%) 0 0
Fatigue 1 (4.2%) 0 1 (6.7%) 0
Hypertension 1 (4.2%) 0 0 0
Hypophosphatemia 3 (12.5%) 0 0 2 (13.3%)
QT interval prolongation 1 (4.2%) 0 0 0
Pulmonary embolism 0 1 (4.2%) 0 0
Weight loss 1 (4.2%) 0 0 0
Abbreviations: AG, astrocytic glioma; ALT, alanine amino transferase; GBM, glioblastoma.
immunohistochemistry (IHC) (Table 2). There was no significant 10
difference in PFS (P=.2) between participants with IDH1 mutant
tumors and those with wild-type tumors (Fig. 2). However, 091 !
there was a significant difference in OS (P =.0001) favoring par- |
ticipants with IDH1 mutant tumors (Fig. 3). 087 '+
. . = 07 i
Discussion £ i
3 ] .
Preclinical evidence suggests that class I and class IT HDAC in- 2 e i
hibitors, such as panobinostat, may be useful antiangiogene- & 05 1 :
sis?? and antitumor??~2® agents, hence providing a rationale g |
for the combination of panobinostat and bevacizumab in recur- | PV |
rent GBM. Interim analysis of participants in the recurrent GBM g" i
arm of the study revealed a PFS6 rate of 30.4%. This is similar to B 03] |
the Kreisl et al study of bevacizumab monotherapy in recurrent |
GBM, in which the PFS6 rate was 29% but was worse than the 021 A —— -+
bevacizumab monotherapy arm of Friedman et al, in which the
PFS6 rate was 42.6%. Compared with Friedman et al, in which 0.1
80% of participants were treated at first relapse, our participant
population may represent a more heavily pretreated population 00 4 ; . . ;
with 62.5% in first relapse and 37.5% in second relapse, poten- 0 6 12 18 24

tially explaining the differences in PFS6 rates. When compared
with historical bevacizumab controls, the addition of panobino-
stat to bevacizumab in recurrent GBM did not significantly im-
prove PFS6, and the GBM arm of the study was closed at
planned interim analysis.

In the AG arm, the PFS6 rate of 46.7% and median PFS of 7
months were similar to prior phase II studies of bevacizumab
and irinotecan in recurrent AG.”® This again suggests that the
addition of panobinostat to bevacizumab may not delay pro-
gression compared with historical bevacizumab controls. How-
ever, the median OS of 17 months (74 weeks) appears to be
longer compared with the median OS of 65 weeks in the Dejsar-
dins et al study. Our study had a slightly higher percentage of
participants with AO or AOA (46.6%) compared with Desjardins
et al (24%), which may account for this longer median OS. In
addition, we examined IDH1 R132H mutation status by IHC in

Time (in Months)

Fig. 2. Progression-free survival in the anaplastic glioma arm by R132H
IDH1 mutation status (dashed line for participants with negative
staining for R132H IDH1 mutation and solid line for participants with
positive staining for R132H IDH1 mutation).

our AG cohort and found that 66.7% had an IDH1 R132H mu-
tation. Although the frequencies of IDH1 mutation in the Des-
jardin et al and Vredenburgh et al studies are not known, the
high percentage of IDH1 mutant tumors in our study may ac-
count for the prolonged OS compared with historical controls. Tt
is unlikely that treatment with panobinostat and bevacizumab
resulted in increased OS in the IDH1 mutant group since there
was no difference in PFS.
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Fig. 3. Overall survival in the anaplastic glioma arm by R132H IDH1
mutation status (dashed line for participants with negative staining
for R132H IDH1 mutation and solid line for participants with positive
staining for R132H IDH1 mutation).

There are several potential reasons for the lack of activity
with this combination. The dose of panobinostat used in this
study was the maximum tolerated dose determined in our pre-
liminary phase I study.'® Even though this dose is being ex-
plored in hematologic malignancies, it may be too low to
achieve adequate tumor concentrations in the brain. This
issue is compounded by the limited penetration of panobino-
stat across the blood-tumor barrier, a problem that is further
exacerbated by combining it with bevacizumab, which reduces
vascular permeability. In contrast, lomustine, which does pen-
etrate the blood-tumor barrier, was successfully combined with
bevacizumab for treatment of recurrent GBM.?’ This difference
underscores the need to combine bevacizumab with agents
that have good blood-tumor barrier penetration. In addition,
there are no preclinical data exploring the activity of the com-
bination of panobinostat and bevacizumab in GBM models.

Conclusions

Although it was reasonably well tolerated, the addition of pan-
obinostat to bevacizumab in recurrent GBM and recurrent AG
did not significantly improve PFS6 compared with historical
controls. Treatment with this combination is not recommend-
ed. A role may still exist for combining an HDAC inhibitor with
chemoradiation, and there is an ongoing clinical trial combining
vorinostat with radiation and temozolomide in newly diag-
nosed GBM.
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