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LESSONS LEARNED

• Combination regimen with bevacizumab (BEV) and vorinostat is well tolerated in patients with recurrent glioblastoma.
• Treatment of recurrent glioblastoma remains challenging as this study and others attempt to improve progression-free
survival and overall survival with BEV-containing regimens.

ABSTRCT

Background. Recurrent glioblastoma (GBM;World Health Orga-
nization grade 4) continues to have a very poor prognosis. Beva-
cizumab (BEV) has been shown to improve progression-free
survival (PFS) in recurrent GBM and is approved by the U.S.
Food and Drug Administration for the treatment of recurrent
GBM. Combination regimens have been explored, and in this
phase II nonrandomized trial, we evaluated the efficacy of BEV
combined with histone deacetylase inhibitor vorinostat (VOR) in
recurrent GBM.
Materials and Methods. In this phase II, single-center, non-
randomized study, subjects with recurrent GBM received BEV
10 mg/kg intravenously (IV) every 2 weeks combined with VOR
400 mg p.o. daily for 7 days on, 7 days off, in a 28-day cycle. The
primary endpoint was 6-month PFS (PFS6).
Results. Forty patients with recurrent GBM were enrolled and
evaluated. PFS6 was 30.0% (95% confidence interval [CI] 16.8%–

44.4%). Median overall survival (OS) was 10.4 months (95% CI

7.6–12.8 months). Overall radiographic response rate was 22.5%

based on 9 partial responses. The most common grade 2 and

above treatment-related adverse events were lymphopenia (55%),

leukopenia (45%), neutropenia (35%), and hypertension (33%).

Grade 4 adverse events were leukopenia (3%), neutropenia (3%),

sinus bradycardia (3%), and venous thromboembolism (3%). Two

deaths occurred in this study, with one due to tumor progression

and another possibly related as death not otherwise specified.
Conclusion. Combination treatment of BEV and VOR was well
tolerated. This combination therapy for this study population

did not improve PFS6 or median OS when compared with BEV
monotherapy.The Oncologist 2018;23:157–e21

DISCUSSION

Prognosis for GBM remains very poor, with median OS of 12–16
months. The treatment of recurrent GBM presents further chal-
lenges, with PFS6 between 9% and 48%. BEV, a humanized
monoclonal IgG1 antibody that inhibits the human vascular endo-
thelial growth factor (VEGF), has shown modest effect in recur-
rent GBM. The phase II BRAIN trial reported PFS6 with BEV
monotherapy to be 42.6% and median OS 9.2 months [1]. Fol-
lowing these positive results, recent studies have examined the
role of BEV in combination with other chemotherapy and tar-
geted agents.Traditional cytotoxic chemotherapies have been rel-
atively unsuccessful when combined with BEV. More recently, a
large phase III trial reported no difference in overall survival
between lomustine alone versus combination lomustine and BEV.

Given the limited treatment options in recurrent GBM, the
trend has been to combine novel therapies with agents such as
BEV. VOR is a derivative of hydroxamic acid that has antitumor
properties acting directly as a histone deacetylase (HDAC)
inhibitor and indirectly antiangiogenic. We conducted a phase
II, single-arm, nonrandomized study of combination BEV and
VOR for recurrent GBM. Our primary endpoint was PFS6, with
secondary endpoints being OS, PFS, radiographic response, and
safety/tolerability. The major eligibility criteria included age
�18 years, Karnofsky Performance Status �70, �4 weeks’
time interval since most recent treatment, and �2 prior
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progressions. Treatment consisted of BEV 10 mg/kg IV every 2
weeks plus VOR 400 mg p.o. daily for 7 days on, 7 days off, in a
28-day cycle.

A total of 40 patients were enrolled into the study. Median
follow-up was 23.3 months (95% CI 21.0–32.0). PFS6 was

30.0% (95% CI 16.8%–44.4%), and median OS was 10.4 months
(95% CI 7.6–12.8). Nine patients had a confirmed partial
response, and none had a complete response. Therefore, the
radiographic response rate was 22.5% (95% CI 12.1%–37.7%;
Table 1). The most common grade 2 and above treatment-
related adverse events were lymphopenia (55%), leukopenia
(45%), neutropenia (35%), and hypertension (33%). Five
patients (12.5%) experienced treatment-related unacceptable
toxicities, which the protocol defined as any treatment-related,
nonhematologic grade 4 or 5 toxicity or a grade 2 or greater
central nervous system (CNS) hemorrhage. Two patients died
during the study, one due to tumor progression and another
possibly related as death not otherwise specified. Treatment
with combination BEV and VOR was tolerable, but there was no
improvement in progression-free survival at 6 months with this
regimen. As the community of neuro-oncology moves forward
with research in antiangiogenic agents in the treatment of
recurrent GBM, further studies are warranted to evaluate anti-
angiogenic agents in other combinations, including with immu-
notherapy or other targeted agents.

TRIAL INFORMATION

Disease Brain cancer – primary

Stage of Disease/Treatment Metastatic/advanced

Prior Therapy Two prior regimens

Type of Study - 1 Phase II

Type of Study - 2 Single-arm

Primary Endpoint Progression-free survival at 6 months

Secondary Endpoint Overall survival

Secondary Endpoint Progression-free Survival

Secondary Endpoint Overall response rate

Secondary Endpoint Toxicity

Additional Details of Endpoints or Study Design
The objective of this open-label phase II study was to assess the efficacy of bevacizumab plus vorinostat for the treatment of
patients with recurrent WHO grade IV glioma. The study was designed to have adequate power to compare the efficacy of this
regimen with a historical benchmark. The basis for this efficacy assessment is the proportion of patients who survive
progression-free for 6 months. The justification of the sample size requirement for this study is as follows. Vredenburgh [5]
reported a 6-month progression-free survival rate of 42.6% (97.5% confidence interval 29.6%–55.5%) among patients with
recurrent GBM treated with bevacizumab and irinotecan. If the true 6-month PFS with the combination of bevacizumab and
vorinostat were 40% or less, there would be limited interest in developing this combination further. However, if the true
6-month PFS were 60% or more, there would definitely be interest in further investigation of this treatment regimen. Therefore,
within this patient subgroup, the study was designed to differentiate between a 40% and 60% rate of 6-month PFS.
Statistically, the hypothesis that was to be tested was H0: p< 0.40 versus H1: p> 0.60, where p is the proportion of patients
who live 6 or more months without disease progression. Forty patients were to be enrolled in this single-stage study. If 21
or more of these 40 patients lived 6 or more months without disease progression, the treatment regimen would be
considered worthy of further investigation. Otherwise, the treatment regimen would be determined not worthy of further
investigation within this patient population. The type I and II error rates associated with this testing are 0.074 and 0.13,
respectively.
Investigator’s Analysis Inactive because results did not meet primary endpoint

DRUG INFORMATION FOR PHASE II TREATMENT ARM

Drug 1

Generic/Working Name Bevacizumab

Trade Name Avastin

Company Name Genentech

Drug Type Antibody

Drug Class Angiogenesis - VEGF

Dose 10 mg/kg

Table 1. Summary of clinical activities

Activity Subjects, n (%)a

Subjects enrolled 40

Male 24 (60)

Unifocal disease 29 (72.5)

Multifocal disease 11 (27.5)

Objective radiographic response (CR1 PR) 9 (22.5)

6-month PFS, percentage (95% CI) 30 (16.8–44.4)

Median PFS, months (95% CI) 3.7 (2.9-4.8)

6-month OS, percentage (95% CI) 84.9 (69.5–92.9)

Median OS, months (95% CI) 10.4 (7.6–12.8)
aExcept where noted.
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Route IV

Schedule of Administration Administered every 2 weeks combined with VOR
400 mg p.o. daily for 7 days, then 7 days off in a 28-day cycle

Drug 2

Generic/Working Name Vorinostat

Trade Name Zolinza

Company Name Merck & Co.

Drug Type Small molecule

Drug Class HDAC

Dose 400 mg per flat dose

Route p.o.

Schedule of Administration VOR 400 mg p.o. daily for 7 days, then 7 days off,
in a 28-day cycle

PATIENT CHARACTERISTICS FOR PHASE II TREATMENTARM

Number of Patients, Male 24

Number of Patients, Female 16

Stage No stage

Age Median (range): 52.4 years (32–74 years)

Number of Prior Systemic Therapies Number: 1

Performance Status: ECOG 0 — 1

1 — 35

2 — 2

3 — 0

Unknown — 2

PRIMARYASSESSMENT METHOD FOR PHASE II TREATMENTARM

Title PFS6

Number of Patients Enrolled 40

Number of Patients Evaluable for Toxicity 40

Number of Patients Evaluated for Efficacy 40

Response Assessment CR n 5 0 (0%)

Response Assessment PR n 5 9 (22.5%)

(Median) Duration Assessments OS 10.4 months, CI 7.6–12.8

PHASE II TREATMENTARM ADVERSE EVENTS
All Cycles

Name *NC/NA 1 2 3 4 5 All Grades

Injury, poisoning and procedural complications - Fall 92% 8% 0% 0% 0% 0% 8%

Pulmonary hypertension 64% 0% 18% 18% 0% 0% 36%

Rash acneiform 92% 8% 0% 0% 0% 0% 8%

Dry skin 77% 23% 0% 0% 0% 0% 23%

Alopecia 95% 5% 0% 0% 0% 0% 5%

Respiratory, thoracic and mediastinal disorders - postnasal drip 69% 28% 3% 0% 0% 0% 31%

Respiratory, thoracic and mediastinal disorders - hoarseness 77% 23% 0% 0% 0% 0% 23%

Epistaxis 85% 15% 0% 0% 0% 0% 15%

Cough 95% 5% 0% 0% 0% 0% 5%

Urinary retention 95% 5% 0% 0% 0% 0% 5%

Proteinuria 64% 28% 5% 3% 0% 0% 36%

Confusion 92% 0% 5% 3% 0% 0% 8%

Tremor 92% 8% 0% 0% 0% 0% 8%
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SERIOUS ADVERSE EVENTS

Seizure 72% 20% 3% 5% 0% 0% 28%

Nervous system disorders - paresthesia 95% 5% 0% 0% 0% 0% 5%

Memory impairment 84% 13% 3% 0% 0% 0% 16%

Headache 57% 35% 8% 0% 0% 0% 43%

Dysphasia 89% 8% 3% 0% 0% 0% 11%

Dysgeusia 87% 8% 5% 0% 0% 0% 13%

Dizziness 95% 5% 0% 0% 0% 0% 5%

Myalgia 92% 8% 0% 0% 0% 0% 8%

Back pain 92% 8% 0% 0% 0% 0% 8%

Arthralgia 72% 23% 5% 0% 0% 0% 28%

Hyponatremia 70% 25% 0% 5% 0% 0% 30%

Hypokalemia 80% 20% 0% 0% 0% 0% 20%

Hypoglycemia 89% 8% 3% 0% 0% 0% 11%

Hypocalcemia 75% 20% 5% 0% 0% 0% 25%

Hypernatremia 87% 10% 3% 0% 0% 0% 13%

Hyperkalemia 95% 5% 0% 0% 0% 0% 5%

Hyperglycemia 32% 38% 20% 10% 0% 0% 68%

Anorexia 87% 8% 5% 0% 0% 0% 13%

Upper respiratory infection 84% 3% 13% 0% 0% 0% 16%

Sinusitis 90% 0% 10% 0% 0% 0% 10%

Fatigue 29% 53% 13% 5% 0% 0% 71%

Death NOS 95% 0% 0% 0% 0% 5% 5%

Vomiting 82% 12% 6% 0% 0% 0% 18%

Nausea 54% 35% 8% 3% 0% 0% 46%

Diarrhea 29% 60% 8% 3% 0% 0% 71%

Constipation 70% 25% 5% 0% 0% 0% 30%

Blurred vision 90% 10% 0% 0% 0% 0% 10%

Sinus bradycardia 81% 13% 0% 3% 3% 0% 19%

Creatinine increased 77% 23% 0% 0% 0% 0% 23%

Aspartate aminotransferase increased 77% 23% 0% 0% 0% 0% 23%

Alkaline phosphatase increased 92% 8% 0% 0% 0% 0% 8%

Alanine aminotransferase increased 77% 20% 3% 0% 0% 0% 23%

White blood cell decreased 31% 23% 38% 5% 3% 0% 69%

Platelet count decreased 17% 68% 10% 5% 0% 0% 83%

Neutrophil count decreased 44% 20% 25% 8% 3% 0% 56%

Lymphocyte count decreased 20% 25% 45% 10% 0% 0% 80%

Anemia 62% 35% 0% 3% 0% 0% 38%

Toxicity summary of adverse events (all attributions) occurring in greater than or equal to 5% of patients.
Abbreviations: *NC/NA, *No Change from Baseline/No Adverse Event; NOS, not otherwise specified.

Name Grade Attribution

Fall 1 Unrelated

Seizure 1 Unrelated

Intracranial hemorrhage 2 Probable

Seizure 2 Unrelated

Sinus bradycardia 4 Possible

Seizure 1 Unrelated

Edema cerebral 4 Unrelated

Death NOS 5 Unrelated

Hypoxia 3 Possible
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ASSESSMENT, ANALYSIS, AND DISCUSSION

Completion Study completed

Pharmacokinetics/Pharmacodynamics Not collected

Investigator’s Assessment Inactive because results did not meet primary endpoint

The treatment of recurrent glioblastoma (GBM; World
Health Organization grade 4) continues to present a challenge
to the neuro-oncology community. Depending on the use of
antiangiogenic agents in recurrence, the 6-month progression-
free survival (PFS6) ranges from 9% to 48%. Bevacizumab
(BEV), a humanized monoclonal IgG1 antibody that inhibits the
human vascular endothelial growth factor, has shown modest
effect in recurrent GBM [1]. The phase II BRAIN trial reported
PFS6 with bevacizumab monotherapy to be 42.6% and median
overall survival (OS) 9.2 months, and this trial established the
groundwork for the U.S. Food and Drug Administration (FDA)
approval of bevacizumab for recurrent GBM [2]. Bolstered by
the initial success of bevacizumab in recurrent GBM, other clini-
cal trials explored the role of BEV in combination with other
chemotherapy and targeted agents [3]. Diaz and colleagues
sought to understand this concept of combinations with bevaci-
zumab and undertook a systemic evaluation of clinical data
published from clinical trials for newly diagnosed and recurrent
glioblastoma patients treated with bevacizumab [3]. They iden-
tified 14 clinical trials in the published literature that examined
the use of bevacizumab in combination with other agents for
the treatment of recurrent GBM.They concluded that bevacizu-
mab alone and in combination does improve PFS, but that
there were no statistically significant changes in OS for patients
with recurrent GBM. In the hope that combination therapy
could provide improved outcomes for recurrent GBM, we
designed our clinical trial on bevacizumab in combination with

vorinostat, a derivative of hydroxamic acid that has antitumor
properties by inhibiting histone deacetylase (HDAC).

Vorinostat is FDA approved for the treatment of cutaneous
T-cell lymphoma and is an orally available HDAC inhibitor.
Common toxicities include bone marrow suppression, fatigue,
and diarrhea, and the treatment is generally well tolerated. In
a phase II study by Galanis and colleagues, they evaluated the
treatment of vorinostat in patients with recurrent GBM [4].
The primary endpoint for this study was 6-month progression-
free survival with the expectation that the regimen would be
considered active if the 6-month progression- free survival
were �25%, and they achieved this endpoint with 9 of the
first 52 patients (of note, 66 patients participated in this study)
progression-free at 6 months. In this study, expected toxicities
of vorinostat included fatigue and bone marrow as the most
common toxicities. These promising results increased our
interest in pursuing a clinical trial in recurrent GBM using the
combination of vorinostat and bevacizumab. Using the same
endpoint as the aforementioned study, we sought to improve
6-month progression-free survival. Vredenburgh and col-
leagues reported a 6-month progression-free survival percent-
age of 42.6% among patients with recurrent GBM treated
with bevacizumab and irinotecan [5]. If the true 6-month pro-
gression-free survival with the combination of bevacizumab
and vorinostat were 40% or less, there would be limited inter-
est in developing this combination further. However, if the
true 6-month progression-free survival were 60% or more,

Lung infection 2 Possible

Malaise 3 Possible

Seizure 1 Unrelated

Generalized muscle weakness 3 Unlikely

Seizure 1 Unrelated

Sinus bradycardia 3 Possible

Confusion 3 Unrelated

Generalized muscle weakness 3 Unrelated

Constipation 2 Possible

Death NOS 5 Possible

Pyramidal tract syndrome 2 Unrelated

Thromboembolic event 4 Possible

Thromboembolic event 2 Possible

Thromboembolic event 3 Possible

Fever 1 Unrelated

Fatigue 3 Possible

General muscle weakness 3 Possible

Nausea 3 Probable

Seizure 3 Unrelated

Enterocolitis 3 Unlikely
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there would definitely be interest in further investigation of
this treatment regimen.

With the early success of bevacizumab and subsequent
approval of bevacizumab by the FDA for treatment of recurrent
GBM, many studies have sought to find the appropriate partner
to improve outcomes beyond bevacizumab. In a randomized,
controlled, phase II study, single-agent bevacizumab or lomus-
tine versus the combination of bevacizumab plus lomustine
were studied in patients with recurrent GBM (BELOB trial) [6].
The combination of bevacizumab and lomustine exhibited a 6-
month progression-free survival of 42% (95% confidence inter-
val [CI] 29%–55%) and is strikingly similar to the study from
Vredenburgh and colleagues [5]. Of note, this was superior to
the 6-month progression-free survival with bevacizumab alone
(16%) and lomustine alone (13%). Therefore, our assessment
was that a combination therapy with a PFS6 of 60% or more
would be worthy of further study. Of note, the data from the
BELOB trial did lead to a randomized phase III study of lomus-
tine versus bevacizumab with lomustine (EORTC 26101), and
the primary endpoint of an improvement in overall survival
was not achieved [7].

We conducted a phase II, single-arm, nonrandomized study
of combination bevacizumab and vorinostat for recurrent GBM.
Our primary endpoint was 6-month progression-free survival,
with secondary endpoints being OS, progression-free survival,
radiographic response, and safety/tolerability. The major eligi-
bility criteria included age �18 years, Karnofsky Performance
Status �70, �4 weeks’ time interval since most recent treat-
ment, and �2 prior progressions. Treatment consisted of beva-
cizumab 10 mg/kg intravenously every 2 weeks, plus vorinostat
400 mg p.o. daily for 7 days on, 7 days off, in a 28-day cycle.

A total of 40 patients were enrolled into the study. Median
follow-up was 23.3 months (95% CI 21.0–32.0). Six-month pro-
gression-free survival was 30.0% (95% CI 16.8%–44.4%), and
median OS was 10.4 months (95% CI 7.6–12.8). Based on our
statistical design, we need not meet the desired threshold to
deem this regimen active. Nine patients had a confirmed partial
response and none had a complete response. Therefore, the
radiographic response rate was 22.5% (95% CI 12.1%–37.7%;
Table 1). The most common grade 2 and above treatment-
related adverse events were lymphopenia (55%), leukopenia
(45%), neutropenia (35%), and hypertension (33%). Five
patients (12.5%) experienced treatment-related unacceptable
toxicities, which the protocol defined as any treatment-related,

nonhematologic grade 4 or 5 toxicity or a grade 2 or greater
central nervous system hemorrhage. Two patients died while
enrolled on this study, one due to tumor progression and
another possibly related as death not otherwise specified. In
regards to the death not otherwise specified, the patient had
been admitted to a local hospital for 1 week of progressive con-
fusion and weakness. Imaging of the brain was obtained, which
showed stable disease, and the patient was improving with
physical therapy. On date of death, the patient was otherwise
at baseline condition and became acutely apneic. Attempts to
resuscitate the patient were performed but were unsuccessful.
Cause of death is not able to be determined and no autopsy
was performed.

Although overall survival remains the critical endpoint, our
study affirmed the utility of the PFS6 landmark, progression-
free survival at 6 months. Although the partial responses noted
are of interest, one difficulty in assessing response is that beva-
cizumab can induce a “pseudoresponse” due to improvement
in membrane permeability in glioblastoma. At a PFS6 of 30%
versus previous reports at 40%, we concluded that, although
treatment with combination bevacizumab and vorinostat was
tolerable, there was no improvement in progression-free sur-
vival at 6 months with this regimen. Based on the findings of
this study, the combination of bevacizumab and vorinostat
should not be pursued as an option for patients with recurrent
glioblastoma. As the community of neuro-oncology moves for-
ward with research in antiangiogenics in the treatment of recur-
rent GBM, further studies are warranted to evaluate other
combinations such as immunotherapy or other targeted agents.
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