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Abstract Bevacizumab is frequently used to treat
patients with recurrent high-grade glioma (HGG), but
responses are generally not durable. Panobinostat is a his-
tone deacetylase inhibitor with anti-neoplastic and anti-
angiogenic effects and may work synergistically with
VEGEF inhibitors. We performed a phase I study to evaluate
the safety and tolerability of the combination of orally
administered panobinostat with bevacizumab in patients
with recurrent HGG. Patients with recurrent HGG were
treated on a 3 + 3 trial design. Patients received bev-
acizumab 10 mg/kg every other week in combination with
oral panobinostat. The starting dose of panobinostat was
20 mg three times per week, weekly (cohort 1). Due to
concerns for thrombocytopenia with the weekly dosing
regimen, the protocol was amended to examine an every
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other week regimen. Cohort 2 received panobinostat 20 mg
three times per week, every other week, and cohort 3
received 30 mg three times per week, every other week.
Dose-limiting toxicity during the first 30 days was used to
determine the maximum-tolerated dose. Twelve patients
(median age 50, median KPS 90) with recurrent HGG were
enrolled. One dose-limiting toxicity (DLT) (Grade 3
thrombocytopenia) was observed in cohort 1. No DLTs
were observed in cohorts 2 and 3. The following grade 3
toxicities were seen in one patient each: thrombocytopenia,
hypophosphatemia, esophageal hemorrhage, and deep
venous thrombosis. There were no grade 4 or 5 toxicities.
There were three patients with partial responses and seven
with stable disease. The recommended doses for further
study are oral panobinostat 30 mg three times per week,
every other week, in combination with bevacizumab
10 mg/kg every other week. A phase II clinical trial in
recurrent HGG is underway.

Keywords Panobinostat - Bevacizumab - High-grade
glioma - Vascular endothelial growth factor - Histone
deacetylase inhibitor

Introduction

High-grade gliomas (HGG) are the most common malignant
primary brain tumors [1] and are associated with a poor
prognosis [2]. Bevacizumab, a humanized monoclonal
antibody against vascular endothelial growth factor (VEGF),
is frequently used to treat HGG patients at recurrence. In
phase II clinical trials of bevacizumab monotherapy for
recurrent GBM, response rates were 20-26%, six-month
progression free survivals (PFS6) were 29-42.6% and
median overall survivals (OS) were 7.1-9.2 months [3, 4].
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Based on these results, bevacizumab received accelerated
approval by the United States Food and Drug Administration
(FDA) as single agent use in recurrent GBM. Phase II studies
in recurrent anaplastic gliomas similarly suggest that bev-
acizumab in combination with irinotecan also has good
activity in this patient population with PFS6 of 56-61% and
median OS of 65 weeks [5, 6].

Even though the results of these trials are encouraging,
patients eventually progress despite bevacizumab. HGGs
can develop resistance to treatment within months of
starting therapy and some patients may not even respond to
bevacizumab treatment [7]. Once patients progress on one
bevacizumab-containing regimen, median progression-free
survival on a second bevacizumab-containing regimen is
only 30-38 days [4, 8]. This suggests that targeting VEGF
alone may not be sufficient for durable responses.

Panobinostat (LBH589) has potent histone deacetylase
(HDAC) inhibitory activity at low nanomolar concentra-
tions against Class I, II, and IV purified recombinant
HDAC enzymes. Biodistribution studies suggest some
brain penetration. Panobinostat is at least a 10-fold more
potent pan-HDAC inhibitor than vorinostat [9]. There is
strong preclinical evidence to suggest that HDAC inhibi-
tors (HDACi) have anti-neoplastic and anti-angiogenic
effects in HGG. HDAC inhibition promotes growth arrest
and apoptotic cells death in glioma models [10-17].
Vorinostat, an HDACi, demonstrated modest single-agent
activity in a phase II clinical trial for recurrent GBM, with
a subpopulation achieving prolonged disease stability [18].
In addition, HDACI, including LBHS589, reduce VEGF
secretion and modulate the expression of the other VEGF
family members via inhibition of HIF-1a, and therefore
may inhibit angiogenesis in glioblastoma [19-22].
Although the predominant mechanisms of resistance to
anti-angiogenic therapies are still being elucidated, sig-
naling by the chemokine receptor CXCR4 and its ligand
stromal cell-derived factor lo (SDF-1a) may be an
important mediator of vasculogenesis and tumor cell
invasion in GBM. In a phase II clinical trial of cediranib, an
oral pan-VEGF receptor (VEGFR) small molecule inhibi-
tor, for recurrent GBM, plasma obtained at the time of
tumor recurrence showed statistically significant increases
in plasma levels of 1o (SDF-1a) [23]. Panobinostat
depletes CXCR4 levels and signaling [24]. Furthermore,
preclinical studies have further established that inhibition
of CXCR4 results in diminished growth of orthotopic GBM
xenografts [25, 26]. The addition of panobinostat to bev-
acizumab may help abrogate this putative resistance
mechanism to anti-VEGF therapies.

Based on this preclinical rationale, a Phase I trial was
performed to study the safety and tolerability of combining
panobinostat with bevacizumab in patients with recurrent
high-grade glioma.
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Patients and methods

The study was approved by the institutional review board
at Dana-Farber/Harvard Cancer Center (Dana Farber
Cancer Institute Protocol 08-342). All patients gave signed
informed consent as per institutional guidelines. The study
was designed to determine the maximum-tolerated dose
(MTD) and dose-limiting toxicities (DLT) of oral LBH589
in combination with intravenous bevacizumab 10 mg/kg
every two weeks.

Patient eligibility

Eligibility criteria included histologically confirmed GBM,
gliosarcoma, anaplastic astrocytomas (AA), anaplastic oli-
godendrogliomas AO or anaplastic oligoastrocytomas AOA
with documented radiographic progression with any number
of prior relapses, age > 18 years old, Karnofsky perfor-
mance status (KPS) > 60, and adequate bone marrow
reserve and organ function. When the protocol was amended
to examine an every other week regimen (as described
below), the protocol was also amended to exclude patients
with a history of grade 2 thrombocytopenia or grade 3 neu-
tropenia on any prior regimen. Prior treatments with VEGF
targeted therapies and/or HDACi 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 arrhythmias, QT-prolonging conditions, or
significant intratumoral or peritumoral hemorrhage.

Treatment and study design

Panobinostat was supplied by Novartis Pharmaceuticals
Corporation (East Hanover, NJ). The starting dose was
20 mg orally three times per week, every week (Days 1, 3,
5, 8,10, 12, 15, 17, 19, 22, 24, 26 of every 28-day cycle).
Due to the concerns for thrombocytopenia with the weekly
dosing regimen, the protocol was amended to examine an
every other week regimen. This every other week regimen
had been previously evaluated in adult patients with
advanced solid tumor or hematologic malignancies and
appeared to result in less thrombocytopenia and dose
reductions and consequently higher exposures [27]. Sub-
sequent cohorts were treated at 20 mg three times per
week, every other week (Days 1, 3, 5, 15, 17, 19, of every
28-day cycle) or 30 mg three times per week, every other
week (Days 1, 3, 5, 15, 17, 19, of every 28-day cycle).
Based on pooled safety data from a total of 559 patients
with advanced hematologic and non-hematologic malig-
nancies enrolled across 3 Phase I and 6 Phase II clinical
trials of oral, single-agent panobinostat, an extremely high
incidence of grade 3—4 thrombocytopenia was seen with
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escalating doses beyond 30 mg three times a week, every
other week [27]. With panobinostat 45 mg three times a
week, every other week, the incidence of grade 3—4
thrombocytopenia in solid tumors and lymphomas was
57.2% and in hematologic malignancies was 81.8%. With
the 60 mg three times a week, every other week regimen,
the incidence of grade 3—4 thrombocytopenia in both
hematologic and non-hematologic malignancies was 75%.
Because of the already elevated risk of hemorrhage from
bevacizumab and the increased incidence of thrombocy-
topenia with higher doses of panobinostat seen in prior
studies, risk-benefit analysis strongly argued against
escalating doses of panobinostat beyond 30 mg three times
a week, every other week in our patient population.
Therefore, although the final dose in our study did not meet
the true definition of MTD, higher doses of panobinostat in
combination with bevacizumab were not tested for safety
purposes. Bevacizumab was supplied by Genentech (San
Francisco, CA) and administered intravenously as 10 mg/
kg on days 1 and 15 of every 28-day cycle.

Patients were evaluated every two weeks and as clini-
cally indicated while on study. At each evaluation, patients
were assessed for toxicity, complete blood count with
differential, serum chemistries, liver function tests, and
serial electrocardiograms were obtained.

We used a standard 3 + 3 dose finding design with the
MTD defined as the dose at which less than one-third of
patients experienced a DLT to the combination of pano-
binostat and bevacizumab. Toxicity was graded using the
National Cancer Institute Common Toxicity Criteria (NCI-
CTC) version 3.0. All patients who received therapy on
study were considered evaluable for toxicity. DLTs were
assessed during the first 30 days and defined as grade 3
thrombocytopenia; grade 4 neutropenia lasting >7 days;
grade 4 anemia lasting >7 days despite transfusion or
growth factors; febrile neutropenia if ANC < 0.5 x 109/L;
a QT interval corrected for heart rate (QTc) of 500-515 ms
that did not stabilize to <480 ms after one week; a second
occurrence of QTc 500-515 ms; any QTc > 515 ms; any
deep vein thrombosis (DVT) or pulmonary embolism (PE)

Table 1 Dose escalation schema

while on fully therapeutic anticoagulation therapy; Grade 3
proteinuria lasting >14 days; or any other clinically sig-
nificant Grade 3 toxicity despite maximal medical therapy
lasting >7 days, any Grade 4 toxicity despite maximal
medical therapy; or any Grade 3 or 4 toxicity resulting in
study drug discontinuation (permanent removal from study
treatment). Dose reductions were allowed within the first
30 days of treatment for any of the above toxicities.

Statistical analysis

Safety variables were summarized by descriptive statistics.
Adverse events were reported for each dose level and
described in terms of incidence and severity. Preliminary
evidence of antitumor activity was evaluated using radio-
graphic assessments based on the response assessment in
neuro-oncology (RANO) criteria [28] as well as survival
analysis based on Kaplan—Meier estimates.

Results
Patient characteristics

Twelve patients with recurrent GBM (10 patients), AA (1
patient), or AOA (1 patient) received intravenous bev-
acizumab 10 mg/kg every two weeks and panobinostat at
the dose levels described in Table 1. Median age was 50
(range 30-71) and median KPS was 90 (range 70-100).
Patient characteristics are further detailed in Table 2.

Toxicity

Potentially treatment-related grade 2 and 3 adverse events
are summarized in Table 3. There were no grade 4 or 5
toxicities. In cohort 1 (20 mg three times per week, every
week), one of the three patients developed grade 3
thrombocytopenia, the second patient developed prolonged
grade 2 thrombocytopenia resulting in a treatment delay,
and the third patient developed grade 2 thrombocytopenia

Cohort Panobinostat dose Bevacizumab dose Number of Median (range) Dose-limiting
patients cycles received®  toxicities
enroled
1 20 mg three times per week, every week (Days 1, 10 mg/kg every other 3 2 (1-6) Grade 3
3,5,8, 10, 12, 15, 17, 19, 22, 24, 26) week (Days 1, 15) thrombocytopenia
2 20 mg three times per week, every other week 10 mg/kg every other 3 4.5 (2-6) None
(Days 1, 3, 5, 15, 17, 19) week (Days 1, 15)
3 30 mg three times per week, every other week 10 mg/kg every other 6 6 (2-10%) None

(Days 1, 3, 5, 15, 17, 19)

week (Days 1, 15)

? One cycle = 28 days
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Table 2 Patient characteristics (N = 12)

Median age (range) 50 (30-71)
KPS 90 (70-100)
Gender
Female 6 (50%)
Male 6 (50%)
Median number of prior relapses (range) 1(1-4)
Histology
GBM 10 (83.3%)
AA 1 (8.3%)
AO 0
AOA 1 (8.3%)

Table 3 Treatment-related grade > 2 toxicities (N = 12)

Toxicity Panobinostat or Bevacizumab

Grade 2 Grade 3 Grade 4

Hematologic
Leukopenia
Lymphopenia
Neutropenia

N WO N
_ o = O
==}

Thrombocytopenia
Non-hematologic

Deep venous thrombosis

Diarrhea

Dysphagia

Esophageal hemorrhage

Fatigue

Hypertension

Hypoglycemia

Hypophosphatemia

Joint pain

Muscle pain

QTc prolongation

Y < T Sy N S S SV S
S = O O = O O O = O O =
O O O O 0O 0O o0 o o o oo

Vaginal yeast infection

resulting in a treatment hold but was able to restart at the
same pre-hold dose. Due to concerns for thrombocytopenia
at this weekly dose, the protocol was amended to examine
an every other week regimen, a strategy that had been
employed in other advanced solid tumors and hematologic
malignancies [27]. The dose level was decreased to 20 mg
three times per week, every other week (cohort 2). Since
no DLTs were encountered in this cohort, the dose was
escalated to 30 mg three times per week, every other week
(cohort 3). There were no DLTs observed in the six
patients treated in this last cohort. Based on data from
studies of panobinostat in other cancers [27] and the
likelihood that further dose escalation would result in
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thrombocytopenia, it was felt that the maximum feasible
dose of panobinostat in combination with bevacizumab
10 mg/kg every other week was 30 mg three times a week,
every other week.

The most commonly reported grade >2 adverse events
potentially related to panobinostat were thrombocytopenia
(3 patients), neutropenia (3 patients), diarrhea (3 patients),
and leukopenia (2 patients). The most commonly reported
grade >2 adverse events potentially related to bev-
acizumab were neutropenia (2 patients) and thrombocyto-
penia (3 patients). There were no grade 4 or 5 toxicities
attributed to panobinostat or bevacizumab. One patient
developed a grade 3 deep venous thrombosis and one
patient developed a grade 3 esophageal hemorrhage, both
events occurring during the fifth cycle of treatment.

Two of the 12 patients required one dose-reduction
each. A patient in cohort 1 was dose-reduced after two
weeks on treatment due to grade 3 thrombocytopenia. A
patient in cohort 3 was dose-reduced during the second
cycle due to prolonged QTc > 500 ms. Another patient in
cohort 3 required panobinostat to be held for QTc > 480,
but treatment was able to be restarted without dose
reduction.

Response and survival

Three patients, all with GBM as their pathology, achieved
partial responses (1 patient in cohort 2 and 2 patients in
cohort 3). Two patients had progressive disease on their first
restaging MRI (1 patient in cohort 1 and 1 patient in cohort
3). The remainder had stable disease. The PFS6 rate in all
cohorts combined was 3/12 (25%); all of the patients who
achieved PFS at 6 months received treatment at the maxi-
mum feasible dose. Three patients remain on treatment.
Median PFS from the date of registration was 4.3 months
(range 1.1-9.5" months). Median OS from the date of
registration was 8.2 months (range 4.8—12.17 months);
four patients are still alive.

Discussion

Although bevacizumab has demonstrated efficacy in phase
IT clinical trials of recurrent GBM and anaplastic glioma,
responses are typically not durable. Preclinical data sug-
gests that panobinostat has anti-angiogenic activity and
may work synergistically with VEGF inhibitors. In addi-
tion, panobinostat depletes CXCR4 signaling, one of the
putative mechanisms of VEGF resistance in GBM. These
data suggest that the addition of panobinostat to bev-
acizumab may result in more durable responses. In this
study, we found that the combination of panobinostat and
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bevacizumab in recurrent HGG is tolerable and safe.
However, weekly dosing of panobinostat in combination
with bevacizumab was limited by thrombocytopenia. This
is consistent with pooled data from phase I and II studies in
advanced hematologic malignancies or solid tumors sug-
gesting that every other week dosing schedules of oral
panobinostat was better tolerated that weekly dosing
schedules with respect to thrombocytopenia [27]. The
maximum feasible dose of panobinostat three times a week,
every other week, in combination with bevacizumab from
this study was 30 mg, similar to the MTD determined in a
phase I study of single-agent panobinostat in patients with
advanced solid tumors, non-Hodgkin’s lymphoma, or
cutaneous T-cell lymphoma [29].

This study had several limitations. No pharmacokinetic
(PK) or pharmacodynamic (PD) parameters were mea-
sured. Although collection of blood for PK studies was
originally included in the study, these were subsequently
removed when it was felt that the interaction between
panobinostat and bevacizumab was likely to be minimal.
Extensive PK and PD data is available with single agent
panobinostat from other studies. Panobinostat is rapidly
and extensively distributed in tissues and inter-patient
variability in exposure is 60% with oral dosing, making it
difficult to predict how an individual patient will respond to
drug. In addition, because doses above 30 mg three times a
week, every other week were not evaluated, we did not find
the true MTD. As previously discussed, due to safety
concerns for hemorrhage from bevacizumab and the high
incidence of severe thrombocytopenia at higher doses of
panobinostat from pooled analysis of other clinical trials
[27], the 30 mg dose in combination with bevacizumab
was deemed to represent the maximum feasible dose.
Finally, although a few radiographic responses were seen,
the sample size is too small to fully understand the impact
of adding panobinostat to bevacizumab in recurrent HGG.

In conclusion, the combination of oral panobinostat and
intravenous bevacizumab is feasible, with thrombocyto-
penia seen with more frequent dosing of panobinostat.
Further clinical investigation of this regimen is underway
in a multicenter phase II trial of bevacizumab and pano-
binostat in patients with recurrent HGG.
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