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Abstract

Background. Bevacizumab has promising activity against recurrent glioblastoma (GBM). However, acquired re-
sistance to this agent results in tumor recurrence. We hypothesized that vorinostat, a histone deacetylase (HDAC)
inhibitor with anti-angiogenic effects, would prevent acquired resistance to bevacizumab.

Methods. This multicenter phase Il trial used a Bayesian adaptive design to randomize patients with recurrent
GBM to bevacizumab alone or bevacizumab plus vorinostat with the primary endpoint of progression-free survival
(PFS) and secondary endpoints of overall survival (OS) and clinical outcomes assessment (MD Anderson Symptom
Inventory Brain Tumor module [MDASI-BT]). Eligible patients were adults (=18 y) with histologically confirmed
GBM recurrent after prior radiation therapy, with adequate organ function, KPS >60, and no prior bevacizumab or
HDAC inhibitors.

Results. Ninety patients (bevacizumab + vorinostat: 49, bevacizumab: 41) were enrolled, of whom 74 were
evaluable for PFS (bevacizumab + vorinostat: 44, bevacizumab: 30). Median PFS (3.7 vs 3.9 mo, P=0.94, hazard
ratio [HR] 0.63 [95% CI: 0.38, 1.06, P=0.08]), median OS (7.8 vs 9.3 mo, P=0.64, HR 0.93 [95% CI: 0.5, 1.6, P=0.79])
and clinical benefit were similar between the 2 arms. Toxicity (grade >3) in 85 evaluable patients included hyperten-
sion (n =37), neurological changes (n =2), anorexia (n =2), infections (n =9), wound dehiscence (n =2), deep vein
thrombosis/pulmonary embolism (n =2), and colonic perforation (n =1).

Conclusions. Bevacizumab combined with vorinostat did not yield improvement in PFS or OS or clinical benefit com-
pared with bevacizumab alone or a clinical benefit in adults with recurrent GBM.This trial is the first to test a Bayesian
adaptive design with adaptive randomization and Bayesian continuous monitoring in patients with primary brain
tumor and demonstrates the feasibility of using complex Bayesian adaptive design in a multicenter setting.

© The Author(s) 2020. Published by Oxford University Press on behalf of the Society for Neuro-Oncology. All rights reserved.
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. Acquired resistance to bevacizumab therapy results in failure of this anti-
angiogenic strategy against recurrent glioblastoma, which could be overcome by

HDAC inhibition.

. Treatment with vorinostat, an HDAC inhibitor, combined with bevacizumab was not
superior to bevacizumab against recurrent GBM in clinical or quality of life measures.

. This multicenter study establishes the feasibility of using a Bayesian study design
in brain tumor trials.

Importance of the Study

Anti-angiogenic strategies using bevacizumab, a vas-
cular endothelial growth factor inhibitor, improve out-
come in only a small subset of patients with recurrent
glioblastoma due to intrinsic or adaptive resistance
to this agent. This multicenter randomized trial tested
the hypothesis that HDAC inhibition using vorinostat,
a brain-penetrant HDAC inhibitor, could overcome
emergent resistance to the anti-angiogenic effects
of bevacizumab. It demonstrates no improvement

Treatment with bevacizumab is the current standard of care
for adults with recurrent glioblastoma (GBM)." However,
these tumors progress when tumor cells escape their de-
pendence on vascular endothelial growth factor (VEGF)-
driven angiogenesis, the target of bevacizumab therapy.??
Several studies have demonstrated a role for primary or
acquired resistance to agents targeting the VEGF pathway.
For instance, genetic ablation of VEGF-A results in increased
invasiveness of tumor cells and co-option of existing ves-
sels; such results have also been seen in antibody mediated
VEGF inhibition and in human tumors after bevacizumab
treatment.*”’ In animal models of malignancy, GBMs which
expressed VEGF and basic fibroblast growth factor (bFGF)
showed less response compared with rhabdomyosarcomas
which were dependent on VEGF alone, suggesting a role for
other angiogenic factors in modifying tumor response to
VEGF inhibition.? Further, tumor xenografts which initially
responded to VEGF inhibition showed subsequent progres-
sion during treatment in association with high expression
of angiopoetin-1, platelet-derived growth factor B (PDGF-B),
and ephrin B2.° These data provide strong support for the
presence of several intrinsic or emergent mechanisms that
mediate resistance to anti-angiogenic therapy.®'> Agents
targeting such alternative pathways have been shown to
overcome such adaptive resistance and resensitize resistant
tumors to anti-angiogenic strategies.'?'3

Histone deacetylase (HDAC) inhibitors target nuclear
and cytoplasmic deacetylases and cause pleiotropic ef-
fects on various biological pathways relevant to malignan-
cies," including downregulation of pro-angiogenic factors
such as VEGF, bFGF, angiopoietin, and TIE2 (tunica interna
endothelial cell kinase 2)'" and decreased transcriptional
activity of hypoxia inducible factor 1a,'®'7 a key mediator

in PFS or OS for this combination compared with
bevacizumab alone. In addition, quality of life meas-
ures assessed through the validated MDASI-BT ques-
tionnaire showed no improvement in patient-reported
symptoms with this combination. This is the first study
to utilize a Bayesian adaptive randomized trial against
brain tumors and establishes the feasibility of such
complex designs for future Bayesian design trials in
neuro-oncology.

of resistance to anti-VEGF therapy.'®' Among several
HDAC inhibitors currently in clinical trials, vorinostat, an
orally bioavailable small molecular weight hydroxamic
acid-based inhibitor, has shown preliminary evidence
of clinical activity as a single agent in a phase Il trial in
patients with recurrent GBM.?® Based on these data, we
hypothesized that HDAC inhibition, by blocking signaling
pathways that are described in preclinical and clinical set-
tings to be involved in tumor progression in the setting
of VEGF pathway inhibition, could prevent adaptive re-
sponses to bevacizumab-mediated VEGF inhibition and
improve clinical outcome. To test this hypothesis, we con-
ducted a multicenter trial through the Brain Tumor Trials
Collaborative (BTTC) using a novel Bayesian adaptive
randomized phase Il trial design to compare the efficacy
of bevacizumab plus vorinostat with bevacizumab alone
against recurrent GBM.

I
Patients and Methods

Eligibility

Key eligibility criteria included age >18 years, KPS >60, ad-
equate organ function, and unequivocal radiological evi-
dence of disease recurrence after prior radiation therapy
(completed at least 12 wk prior to study entry). Patients
with histologically confirmed World Health Organization
(WHO) grade Ill or IV glioma were eligible for the phase
| portion; those with recurrent supratentorial WHO grade
IV glioma with <3 relapses were eligible for the phase Il
trial. Key exclusion criteria included pregnancy or nursing,
serious intercurrent illness, inability to consent, and prior
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treatment with bevacizumab, vorinostat, or other HDAC
inhibitors including valproic acid (due to its known HDAC
activity).?! Patients were required to be at least 4 weeks
from prior investigational therapy, 6 weeks from prior
nitrosourea therapy, and 4 weeks from other cytotoxic
therapy. Bevacizumab-specific exclusion criteria included
uncontrolled hypertension, cardiac insufficiency greater
than New York Heart Association grade Il, cardiac or cere-
brovascular ischemic event or major bleeding event within
6 months before study start, recent surgery, recent trauma,
or presence of non-healing wounds. The trial was regis-
tered at ClinicalTrials.Gov (NCT01266031) and conducted
according to the principles of the Declaration of Helsinki,
with informed consent obtained from all participants and
with the approval of the institutional review board of each
participating center.

Evaluation During Study

On-study evaluation included a history and physical exam-
ination at baseline and at the start of each cycle, complete
blood counts every 2 weeks, and serum chemistries every
4 weeks. A brain MRI scan and a patient-completed MD
Anderson Symptom Inventory-Brain Tumor (MDASI-BT)
survey were obtained at baseline and before every other
cycle (approximately every 8 wk). Blood pressure, coagula-
tion tests, and urine protein/creatinine ratio were recorded
at baseline and prior to each infusion of bevacizumab.

Treatment Plan

All eligible patients registered with the BTTC Office of
Multicenter Clinical Research (OMCR) and initiated treat-
ment within 96 hours after registration.

Phase I study.—A 3 + 3 design was utilized with the initial
cohort treated with bevacizumab at 10 mg/kg on days 1 and
15 intravenously combined with vorinostat at 400 mg daily
orally on days 1-7 and 15-21 of a 28-day cycle. Vorinostat
starting dose of 400 mg daily was chosen given that higher
doses were known to be associated with toxicity; planned
dose de-escalation of vorinostat was to 300 mg, 200 mg, or
100 mg daily.

Phase II study.—Patients were randomized using a
Bayesian adaptive randomization (BAR) design to 2 com-
peting treatment arms: bevacizumab alone or the combina-
tion of bevacizumab and vorinostat (at maximum tolerated
dose [MTD]) in a 28-day cycle. Patients continued treat-
ment until tumor progression or occurrence of unaccept-
able toxicity. Bevacizumab-related toxicity was managed
according to standard practice without dose reductions.
Vorinostat dose was reduced for grade >3 drug-related tox-
icity with 2 dose reductions permitted. If treatment hold
exceeded 4 weeks, the patients were taken off the study.
Patients who discontinued treatment due to progression
were followed for survival every 3 months; others who

discontinued therapy were followed every 2 months until
progression or start of a new therapy.

Endpoints

For the phase | study, primary endpoint was the dose
limiting toxicity (DLT) of bevacizumab plus vorinostat.
Toxicities were graded according to the Common
Terminology Criteria v4.0. DLT was defined as treatment-
related adverse events occurring in the first cycle of treat-
ment (4 wk) including grade 4 hematological toxicity
(except grade 4 uncomplicated neutropenia or febrile neu-
tropenia of <5 days duration) or non-hematologic grade 3
or 4 events except medically manageable toxicities. For the
phase Il trial, the primary endpoint was progression-free
survival (PFS) calculated from the time of randomization
until tumor progression or death. Radiological responses
and progression were assessed using the MacDonald cri-
teria?? (given that the initiation of the study preceded the
establishment of the Response Assessment in Neuro-
Oncology criteria); however, anticipating non-enhancing
patterns of recurrence, bidimensionally measurable MRI
fluid attenuated inversion recovery progression associated
with clinical decline was deemed disease progression. PFS
was determined by site principal investigators who were
provided guidelines for such determination per protocol
specifications. The secondary endpoint of overall survival
(OS) was calculated from the time of randomization until
death from any cause.

Patient-Reported Symptoms

Patient-reported symptoms were assessed using the
MDASI-BT self-reporting tool,?® which patients com-
pleted approximately every 8 weeks during treatment.
Participation was not mandatory. Data were analyzed for
completion rates, overall mean symptom and interference
scores, and change score from baseline through each treat-
ment cycle. Mean differences in symptom and interference
change scores between treatment arms were evaluated
with independent-samples t-tests. Significance level was
set at P<0.05. Computations for the patient-reported
symptoms were done using IBM SPSS for Windows v23.

Correlative Studies

Plasma samples for the optional biomarker analysis
were obtained at pretreatment, on cycle 1, days 1, 2, and
15 (pre- and post-infusion), and cycle 2 (pre-infusion).
Approximately 7 cc of venous blood was collected and
centrifuged at room temperature and 1 mL of supernatant
plasma was stored frozen at —-80°C, shipped on dry ice, and
maintained frozen until analysis. The samples were ana-
lyzed according to the manufacturer’s instructions using
commercially available antibody arrays designed to quan-
titatively detect 60 human angiogenic factors (Quantibody
Human Angiogenesis Arrays 1 and 3 [QAH-ANG-1000-1],
Ray Biotech).
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Study Design and Statistical Analysis

The phase | component was conducted using a 3 + 3 design
with DLT assessment within the first 4 weeks of treatment. At
each dose level, if 1/3 of the patients experienced DLT, the co-
hort would be expanded to 3 more patients. If <1/6 patients
experienced DLT, the MTD was considered to have been
reached and this dose would be used for the phase Il part
of the study. If >2/6 patients experienced DLT, the MTD was
considered exceeded and the dose would be de-escalated.
The starting dose was vorinostat at 400 mg daily combined
with bevacizumab at 10 mg/kg. Planned dose de-escalation
of vorinostat was 300 mg, 200 mg, or 100 mg daily.

The phase Il portion of the trial was conducted using a
Bayesian adaptive design with BAR and Bayesian contin-
uous monitoring (BCM), in which patients were random-
ized fairly between the 2 arms at the start of the trial for
the first 20 patients (10 per arm). Thereafter, as the trial
progressed and data accrued, the randomization became
unbalanced in favor of the treatment that, on average,
had longer median PFS. Therefore, each successive pa-
tient was more likely to receive the more efficacious treat-
ment. The technical details of the design are summarized
in Supplementary data 1. The BAR is based on PFS, rather
than OS, because PFS can be observed more quickly to
provide sufficient data for making adaptive decisions in
a timely fashion. A minimum of 20 and a maximum of 90
patients were planned to be accrued with an anticipated
accrual rate between 3 and 5 patients per month. During
the trial, the evidence of the relative efficacy between 2
arms was continuously monitored using BCM based on
Bayesian posterior probability. The trial would stop early
and a treatment arm (experimental or control arm) would
be declared as “winner” if the posterior probability of the
median PFS of that treatment arm being larger than that of
the other arm exceeded 0.995.The BCM could save sample
size if the experimental arm was either more effective or
ineffective compared with the control. If the trial did not
stop early and the maximum 90 patients were accrued, a
treatment arm would be selected as “winner” if the prob-
ability of the median PFS of that treatment arm being
larger than that of the other arm exceeded 0.995. The trial
was conducted using a web-based program developed by
the Department of Biostatistics and Applied Mathematics
at MDACC through which OMCR personnel randomized
patients to the 2 arms and updated their current status
on an ongoing basis. The PFS and OS were summarized
using the Kaplan-Meier method and the comparison be-
tween groups was evaluated by the standard log-rank test
without adjusting for adaptive randomization, as the latter
has little impact on the inference. Both univariate and mul-
tivariate Cox regression models were applied to assess the
effect of covariates of interest on PFS and OS. All computa-
tions were carried out in SAS 9.4 and R 3.2.4.

Results
Phase I Trial

Six patients were enrolled in the phase | portion of the
study and all were evaluable. One patient in the first cohort

experienced DLT (grade 3 alanine aminotransferase el-
evation and grade 3 hyperglycemia) possibly related
to vorinostat. The cohort was expanded by 3 more pa-
tients, with none experiencing a DLT in the first cycle.
The starting doses of 10 mg/kg bevacizumab on days 1
and 15 and vorinostat at 400 mg daily on days 1-7 and
15-21 were therefore identified as the phase Il combina-
tion dose.

Phase II Trial

Patient characteristics.—The study was conducted
through the 16 institutions of the BTTC over a 24-month
period. All patients had received radiation therapy and
temozolomide previously. Among 90 patients accrued,
one did not receive study treatment and four were not
evaluable; of the remaining 85 patients, 11 were evaluable
for toxicity only given that they did not receive sufficient
duration of treatment and 74 were evaluable for both
toxicity and response (Figure 1, CONSORT diagram).
Descriptive analysis of baseline patient characteristics is
summarized in Table 1 and showed no significant differ-
ence between the 2 treatment groups.

Toxicity data.—Among the 85 patients evaluable for
toxicity, the most frequent adverse events of any grade
or treatment relationship were fatigue, hypertension,
anorexia, headache, hyperglycemia, nausea, anemia,
cognitive disturbance, and seizures, the majority of
which weregrade <2 in severity. Treatment-related
toxicities grade >3 were not significantly different between
the 2 arms (bevacizumab, 27 events and bevacizumab plus
vorinostat, 31 events). Three patients experienced serious
adverse events (grade 4 or 5) possibly related to treatment,
1in the bevacizumab arm (grade 4 decreased ejection frac-
tion) and 2 in the bevacizumab plus vorinostat arm (grade
4 colonic perforation and grade 5 thromboembolic event)
(SupplementaryTables 1 and 2).

Patient-reported outcomes.—Of the 96 patients accrued
to the clinical trial, 65 (68%) consented to answering the
optional MDASI-BT questionnaire, with 5 not having re-
ceived treatment. Of these, 83% completed baseline as-
sessment (Supplementary Table 3). Patients in each arm
reported similar symptom burden at baseline between the
bevacizumab and the bevacizumab plus vorinostat arms,
with a mean score (standard deviation [SD]) of 1.3 (1.2) vs
1.7 (1.7), respectively. Patients in both arms reported mod-
erate interference at baseline (mean = 2.2 for both arms).
There were no significant differences in change scores
for symptom burden between treatment arms. The mean
change score from baseline to end of therapy was -0.8
(SD =0.9) for patients in the bevacizumab arm and -0.4
(SD = 1.3) for patients in the bevacizumab plus vorinostat
arm (P<0.43). Interference scores worsened in both
arms during treatment (a change of 1 point or greater),
but there were no significant differences in change scores
between treatment arms, with a mean (SD) change
score from baseline to end of therapy of —1.3 (1.7) for the
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Phase | single center (n = 6)

Ph Il dose established

Phase II: Participants from 16
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treatment (n = 90)
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Participants assigned to the
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(n=41)
Participants
withdrew consent
(n=3)
Participants
received Bev
(n=38)
Participants

inevaluable for
efficacy (n = 8)

Evaluable for PFS
(n =30)

Fig.1

bevacizumab arm and -1.5 (2.1) for the bevacizumab plus
vorinostat arm (P < 0.84) (Table 2). For 12 patients who re-
ceived at least 6 cycles, no difference between arms was
seen for those who remained on therapy.

Plasma biomarker of angiogenesis. —An exploratory ob-
jective of the trial was to assess the changes in plasma
biomarkers implicated in angiogenesis. Samples over
multiple time points were available from only 4 patients
among the subset who participated in this part of the
study. Baseline assessment of 60 human angiogenic fac-
tors in plasma samples showed interpatient clustering
in levels of several factors (Supplementary Figure 1, cir-
cled). However, there was no consistent treatment-related
change in plasma levels of angiogenic factors related to
adaptive resistance including VEGF, VEGF receptor (R)-2,
VEGFR-3, bFGF, PDGF with 2 B chains (PDGF-BB), and pla-
centa growth factor (PIGF) (Supplementary Figure 2).

Efficacy. —At the time of PFS analysis, 70 of the 74 evaluable
patients had progressed and/or died. The median PFS time

Bayesian Adaptive
Randomization

Consolidated Standards of Reporting Trials (CONSORT) diagram.

Participants assigned to the
experimental arm

(n =49)
Participants
withdrew consent
(n=2)
Participants
received Bev + Vor
(n=47)
Participants

inevaluable for
efficacy (n = 3)

Evaluable for PFS
(n =44)

was 3.71 months (95% Cl: 2.79, 4.21). The difference between
treatment groups was not significant (P=0.94). The median
PFS and PFS rate at 3, 6, and 12 months are as summarized
(Table 3). The PFS6 rates were 28% for the bevacizumab arm
and 25% for the bevacizumab plus vorinostat arm, which were
not significantly different (P=0.94). In the OS assessment, 60 of
the 74 evaluable patients had died at the time of analysis, with
a median OS time of 8.11 months (95% Cl: 6.18, 9.63) and a me-
dian follow-up time of 19.84 months (95% Cl: 13.50, 27.30) with
no significant difference between treatment groups (P=0.64).
The median OS times and OS rate at 3, 6, and 12 months are as
summarized (Table 3). In analysis of time to progression (TTP),
65 of the 74 evaluable patients had disease progression with
a median TTP of 3.78 months (95% Cl: 2.86, 5.29) and no sig-
nificant difference between treatment groups (P=0.71). The
medianTTP times and TTP rates at 3, 6, and 12 months are as
summarized in Table 4 and SupplementaryTables 4 and 5.

Efficacy was analyzed in both univariate and multivar-
iate Cox regression models for PFS and OS. Upon multi-
variate analysis adjusted for performance status (hazard
ratio [HR] = 1.64, P=0.07, 60-80 vs 90-100), current relapse
number (HR=2.32, P=0.006, 2-3 vs 0-1), and number
of cycles administered (HR=0.68, P<0.0001), patients
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Table 1

Covariate

Summary of patients’ demographics and clinical characteristics

Treatment Group

Bevacizumab
+Vorinostat

Bevacizumab

All patients
Sex Female
Male
Performance status 100
90
80
70
60
Prior radiotherapy Yes
Prior systemic therapy No
Yes
Prior surgery Yes
Other prior therapy No
Yes
Prior radiosensitizer therapy No
Yes
Relapse number 0
1
2
3
Patient evaluable for response No
Yes
Primary cause of death Unknown

Attributed to protocol treatment

Due to other cause

Due to disease

treated with bevacizumab and vorinostat had a 37% lower
chance of progression, compared with patients treated with
bevacizumab alone (HR=0.63, P=0.08) (Supplementary
Table 6). Similarly, in multivariate analysis adjusted for per-
formance status (HR = 1.60, P=0.09, 60-80 vs 90-100) and
number of cycles administered (HR =0.73, P<0.0001), pa-
tients treated with bevacizumab plus vorinostat had a 7%
lower chance of death compared with patients treated with
bevacizumab alone (HR=0.93, P=0.79) (Supplementary
Table 6). Results of the Kaplan—-Meier analysis for PFS and
OS are depicted in Figure 2.

Discussion

This trial examined whether targeting of potential resist-
ance mechanisms to bevacizumab therapy by HDAC inhibi-
tion using vorinostat could improve outcome in recurrent
GBM patients. In a phase | study of the combination of
bevacizumab, vorinostat, and irinotecan, Chinnaiyan et al
reported poor tolerance of irinotecan and recommended

85 (100%) 38 (44.7%) 47 (55.3%)
27 (31.8%) 10 (26.3%) 17 (36.2%) 0.3319
58 (68.2%) 28 (73.7%) 30 (63.8%)
8(9.4%) 3(7.9%) 5 (10.6%) 0.7363
26 (30.6%) 10 (26.3%) 16 (34%)
22 (25.9%) 12 (31.6%) 10 (21.3%)
25 (29.4%) 12 (31.6%) 13 (27.7%)
4(4.7%) 1(2.6%) 3(6.4%)
85 (100%) 38(100%) 47 (100%)
2 (2.4%) 1(2.6%) 1(2.1%) 1.0000
83 (97.6%) 37 (97.4%) 46 (97.9%)
85 (100%) 38(100%) 47 (100%)
74 (87.1%) 35 (92.1%) 39 (83%) 0.3313
1 (12.9%) 3(7.9%) 8 (17%)
34 (40%) 17 (44.7%) 17 (36.2%) 0.4228
51 (60%) 21 (55.3%) 30 (63.8%)
3(3.5%) 2 (5.3%) 1(2.1%) 0.6579
62 (72.9%) 29 (76.3%) 33(70.2%)
19 (22.4%) 7 (18.4%) 12 (25.5%)
1(1.2%) 0(0%) 1(2.1%)
1 (12.9%) 8(21.1%) 3(6.4%) 0.0566
74 (87.1%) 30 (78.9%) 44 (93.6%)
22
1(1.6%) 0(0%) 1(2.7%) 0.1360
4 (6.3%) 0(0%) 4(10.8%)
58 (92.1%) 26 (100%) 32 (86.5%)

testing bevacizumab with vorinostat only (as in this
study) for better tolerance?*; our study confirmed that
this combination was well tolerated. Previous studies
have assessed the role of HDAC inhibition combined with
bevacizumab; Lee et al conducted a phase Il study com-
bining panobinostat and bevacizumab in patients with
recurrent GBM but the study was closed prematurely due
to interim results not meeting criteria for continued ac-
crual.?® Ghiaseddin et al reported the results of combining
vorinostat and bevacizumab in adults with recurrent GBM
which did not show improvement in PFS6 or 0S.%¢ Lastly,
Peters et al reported that the combination of bevacizumab,
vorinostat, and temozolomide resulted in a PFS6 of 53.8%,
which was not significantly better than historical controls.?’
These nonrandomized trials with historical controls and
heavily pretreated patients limited the ability to determine
the true benefit of the combination.

From a patient-reported outcome perspective, overall,
patients enrolled in this study had moderate interference
of symptoms in daily life, but a low symptom burden.
This interference worsened during the course of therapy
but was not different between the two arms, including for
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Table3 Summary of PFS and OS rate at 3, 6, and 12 months

Covariate Overall Survival
PFS Rate (95% Cl) OS Rate (95% Cl) P-value
All Patients 0.60 (0.48, 0.70) 0.92 (0.82, 0.96)
0.26 (0.16, 0.37) 0.64 (0.51, 0.74)
12 0.10 (0.04, 0.18) 0.29 (0.18, 0.40)
Female 0.64 (0.42, 0.80) 0.0434 0.88 (0.67, 0.96) 0.0331
6 0.35 (0.17, 0.54) 0.67 (0.45, 0.82)
12 0.26 (0.11, 0.45) 0.40 (0.21, 0.59)
Male 0.58 (0.42, 0.70) 0.94 (0.82, 0.98)
6 0.21(0.11, 0.34) 0.62 (0.46, 0.74)
12 0.02 (0.00, 0.10) 0.22 (0.11, 0.36)
Treatment Group
Bevacizumab 0.59 (0.39, 0.74) 0.9401 0.93(0.75, 0.98) 0.6398
6 0.28 (0.13, 0.44) 0.66 (0.45, 0.80)
12 0.07 (0.01, 0.20) 0.28 (0.13, 0.46)
Bevacizumab + Vorinostat 0.61 (0.44, 0.73) 0.91 (0.77,0.96)
6 0.25 (0.13, 0.39) 0.62 (0.46, 0.75)
12 0.13(0.05, 0.24) 0.29 (0.16, 0.43)
1.0 - 1.0
—— Bevacizumab (E/N= 29/30) —— Bevacizumab (E/N= 23/30)
---- Bevacizumab + Vorinostat (E/N=41/44) ---- Bevacizumab + Vorinostat (E/N=37/44)
0.8 1 p-value = 0.9401 0.8 1 |
i 3
5 5 0.6+
> z
o o
0.2
+---3
1 0.0 T T T |““+ 1
2.0 0.0 0.5 1.0 1.5 2.0 2.5
Years
Bev 30 8 2 1 0 Bev 30 19 5 2 0
Bev +Vor 44 10 5 0 0 Bev +Vor | 44 26 11 4 2 0

Fig.2 Kaplan—Meier curves for PFS (left) and OS (right) (E = evaluable, N = total).

those receiving at least 6 treatment cycles. These findings
indicate limited additional symptom burden for the com-
bination of vorinostat and bevacizumab and highlight the
interference of the disease with daily life independent of
the toxicities of either therapy.

In the biomarker analysis, certain markers showed
interpatient consistency in values, whereas others were
disparate from patient to patient. None of the predicted
angiogenesis bypass pathway proteins such as PDGF, FGF,

or PIGF showed any specific treatment-related changes,
possibly because such changes in the tumor microenviron-
ment may not be reflected in plasma protein levels. No def-
inite conclusions can be drawn from these results due to
the limited number of patients with sufficient samples for
analysis. Larger numbers of samples are needed to deter-
mine the relationship of such markers to clinical outcome;
however, the analysis demonstrates the feasibility to do
multiplexed plasma marker assays in a multicenter study.
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Table4 Summary of median OS and PFS times

Covariate Median OSTi

Median PFSTime (mo)

Total Failed Censored Median (95% Cl) P-value Total Failed Censored Median (95% Cl) P-value

All patients 74 60 14 8.11 (6.18, 9.63) 74 70 4 3.71(2.79, 4.21)
Treatment Bevacizumab 30 23 7 9.26 (5.88, 11.37) 0.6398 30 29 1 3.94(1.94,5.68) 0.9401
Bevacizumab 44 37 7 7.79 (5.06, 9.63) a4 a1 3 3.68(2.33, 3.94)

+ vorinostat

The combination of vorinostat and bevacizumab was
not superior to bevacizumab alone in improving either PFS
or OS in this study. Galanis et al reported that vorinostat
can cross the intact blood-brain barrier and inhibit HDACs
and has a modest level of antitumor activity against re-
current GBM.? In addition, “vascular normalization” by
bevacizumab was expected to improve tumor delivery of
vorinostat.?® However, bevacizumab-induced decreased
blood supply could have reduced vorinostat delivery to the
tumor as reported for other agents,?® negating the poten-
tial benefits of the combination. Alternatively, vorinostat
may have been ineffective in overcoming resistance mech-
anisms to bevacizumab in recurrent GBM. Our primary
hypothesis that HDAC inhibition could postpone tumor re-
currence by blocking alternative mechanisms of angiogen-
esis was not substantiated by the current study.

Previous discussions on the Bayesian adaptive design
with BAR and BCM in brain tumors have been limited to
computer simulation studies.?® To our knowledge, this
study is the first prospective brain tumor trial conducted
using such a design. The advantage of the Bayesian
adaptive design is that it allows allocating more patients
to a more effective treatment arm, and if there is strong
evidence that the experimental arm is more effective or
less effective than the control, the design allows early stop-
ping of the trial with fewer patients accrued. In our trial,
we noted that the experimental arm had a similar efficacy
as the control arm in terms of PFS; thus, the advantage of
the adaptive design was not fully demonstrated by this
trial. Given that there was no a priori knowledge whether
the trial would be positive or negative, this could not have
been predicted when the trial was designed.

The implementation of Bayesian adaptive designs, such
as BAR and BCM, is logistically challenging as it requires
real-time communication of all events to the coordinating
center, real-time decision making based on accrued data,
and continuous involvement of the treating physicians,
the biostatistician, and the study coordinating team
throughout the conduct of the trial. In our experience, the
key is to integrate the database with an adaptive decision
algorithm such that clinical data can be captured, updated,
and fed into the algorithm in real time to facilitate adaptive
decisions. For this trial, we developed a web-based pro-
gram that seamlessly integrated data capture, quality
monitoring, storage, and real-time adaptive decision
making. Clinical sites could log into the program through
a web browser, update the patient data, and obtain the
real-time adaptive randomization decision. Developing
such a program was a continuous refinement process that

requires close collaboration among physicians, biostatisti-
cian, and the study coordinating team.

Critics of adaptive designs have raised the issue that
such trials require intensive resource allocation, overall
collection of more data from patients to run outcome-
adaptive allocation, and potentially the need to run slowly
enough to allow events to drive the BAR and BCM, thus
compromising efficiency.3'32 In addition, concerns have
been raised whether patients may mistakenly assume that
they will be allocated to the better arm when advised about
the nature of the trial design during consenting. However,
these concerns have been challenged by advocates of such
designs, who contest the existence of any ethical issues in
such designs and cite the fact that these trial designs could
increase the probability that patients would be random-
ized to a more efficacious arm (if this exists) while not allo-
cating them to an inferior treatment (if one arm is not more
efficacious than the other).33-3% Although the trial requires
additional resources, if a treatment is truly better than the
control arm, the trial design would allow for a more effi-
cient trial conduct. A complete discussion of these issues
is beyond the scope of this manuscript, but we would like
to emphasize that the successful completion of this trial
demonstrates the feasibility to conduct complex Bayesian
adaptive designs in a multicenter setting in the brain tumor
population. Although this trial used 2 treatment arms, the
same design could be used for multiple arms and could
identify the best of such arms. A similar but larger inter-
national multicenter adaptive randomized trial platform
with multiple treatment arms, the so-called AGILE GBM
trial, is currently being planned and, over its course, is ex-
pected to test multiple agents against a common control
arm.3 Given the potential of Bayesian adaptive designs to
improve the efficiency and success of clinical trials,®’ this
trial provides an example for future trials for implementing
novel adaptive designs.

Supplementary Material

Supplementary data are available at Neuro-Oncology
online.
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