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Abstract

Background. Temozolomide offers minimal benefit in patients with glioblastoma with unmethylated O°-
methylguanine-DNA methyltransferase (MGMT) promoter status, hence, the need for novel therapies. This study
evaluated whether veliparib, a brain-penetrant poly(ADP-ribose) polymerase (PARP) inhibitor, acts synergistically
with radiation and temozolomide.

Methods. VERTU was a multicenter 2:1 randomized phase Il trial in patients with newly diagnosed glioblastoma
and MGMT-unmethylated promotor status. The experimental arm consisted of veliparib and radiotherapy, fol-
lowed by adjuvant veliparib and temozolomide. The standard arm consisted of concurrent temozolomide and radi-
otherapy, followed by adjuvant temozolomide. The primary objective was to extend the progression-free survival
rate at six months (PFS-6m) in the experimental arm.

Results. A total of 125 participants were enrolled, with 84 in the experimental arm and 41 in the standard arm.The
median age was 61 years, 70% were male, 59% had Eastern Cooperative Oncology Group (ECOG) performance
status of 0, and 87% underwent macroscopic resection. PES-6m was 46% (95% confidence interval [Cl]: 36%-57%)
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in the experimental arm and 31% (95% Cl: 18%-46%) in the standard arm. Median overall survival was
12.7 months (95% Cl: 11.4-14.5 months) in the experimental arm and 12.8 months (95% Cl: 9.5-15.8 months)
in the standard arm.The most common grade 3-4 adverse events were thrombocytopenia and neutropenia,

with no new safety signals.

Conclusion. The veliparib-containing regimen was feasible and well tolerated. However, there was insuffi-
cient evidence of clinical benefit in this population. Further information from correlative translational work
and other trials of PARP inhibitors in glioblastoma are still awaited.

Key Points

Importance of the Study

The VERTU study was a randomized phase Il trial
evaluating the preliminary efficacy and safety of
veliparib, a brain-penetrant poly(ADP-ribose) pol-
ymerase (PARP) inhibitor, in patients with glioblas-
toma and unmethylated OS-methylguanine-DNA
methyltransferase (MGMT) promoter status. The
study was predicated on preclinical data indicating
the synergistic radio-sensitizing and chemo-
sensitizing properties of veliparib. The VERTU study
showed that the addition of veliparib to first-line
chemoradiotherapy was safe and tolerable, but

Among adults, glioblastoma is the most common malig-
nancy to originate in the brain."? The prognosis is univer-
sally poor, with average survival from diagnosis being
12-18 months."? Frequently, this is compounded by phys-
ical, neurocognitive, and behavioral morbidity and asso-
ciated caregiver burden.3 There have been few therapeutic
advances to date. The standard of care for glioblastoma is
a combined modality regimen consisting of maximal safe
resection, then chemoradiotherapy with temozolomide,
then additional temozolomide over a minimum period of
6 months.* In 50%-60% of cases, the promoter region of the
Of-methylguanine-DNA methyltransferase (MGMT) gene
is unmethylated.> For MGMT-unmethylated glioblastoma,
temozolomide appears to confer a minimal benefit, and the
prognosis is especially poor.

There is a need for novel therapies against glioblastoma.
A candidate drug is veliparib, an orally available poly(ADP-
ribose) polymerase (PARP) inhibitor.6” It potently blocks
the PARP-1 and PARP-2 enzymes, which are important
in repairing DNA damage. Preclinical data suggest that
veliparib is an effective radio-sensitizer.8® In both MGMT-
methylated and MGMT-unmethylated glioblastoma cell

there was insufficient clinical activity in this popu-
lation. MRIs are being collected for volumetric and
radiomics analyses. Exome, transcriptome, and ep-
igenetic analysis of tissue and longitudinal blood
specimens from patients on the trial is underway
and may require an additional year to complete com-
prehensively. The correlative analysis may identify
subpopulations that may derive greatest benefit from
veliparib and to further elucidate the genomic and
transcriptional glioblastoma landscape for future
drug discovery.

lines, the combination of veliparib and radiation led to en-
hanced cell kill. This effect was limited to those cell lines
without prior temozolomide exposure, suggesting that
participants with newly diagnosed glioblastoma may de-
rive greater benefit than those in later treatment settings.

Similarly, the combination of wveliparib and
temozolomide demonstrated synergistic activity when
used to treat MGMT-methylated glioblastoma cell lines."0"
There were also encouraging responses when applied
to MGMT-unmethylated cell lines, especially in those
with elevated baseline expression levels of DNA repair
genes. In a patient-derived xenograft (PDX) model of
MGMT-unmethylated glioblastoma, there were signif-
icantly longer survival times of the PDX treated with the
combination treatment of either radiation and veliparib or
temozolomide and veliparib, compared to radiation only or
veliparib only.m

The preclinical findings were consistent with the pro-
posed mechanism of veliparib, which inhibits the repair of
chemotherapy-induced DNA damage to achieve synthetic
lethality (ie, veliparib plus chemotherapy cause a combina-
tion of deficiencies that synergistically lead to cell death).123
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Importantly, preclinical data suggest that veliparib achieves
efficient uptake across the blood-brain barrier into glio-
blastoma cells.™ The brain-to-plasma concentration ratio of
veliparib was substantially higher than olaparib, rucaparib,
and talazoparib. This justifies the choice of veliparib as the
preferred PARP inhibitor for the VERTU study.

The combination of veliparib and radiation was well
tolerated in the preceding phase | trials in the setting of
brain metastases and locally advanced rectal cancer.'>'®
The combination of veliparib and temozolomide has
been evaluated in several phase Il trials and found to
have an acceptable safety profile for the treatment of
heavily pretreated colorectal cancer and recurrent breast
cancer."”’® However, the triplet combination of veliparib,
radiation, and temozolomide was toxic when administered
concurrently, causing severe thrombocytopenia.'

On this basis, the VERTU study adopted a sequen-
tial strategy, using the combination of veliparib and
radiation, followed by the combination of veliparib
and temozolomide. The approach maximized the radio-
sensitizing and chemo-sensitizing effects of veliparib
while maintaining an acceptable safety profile. Although
the preclinical data suggested activity in both MGMT-
methylated and MGMT-unmethylated glioblastoma,
the VERTU study selected participants with MGMT-
unmethylated glioblastoma given the distinct need for
improvements in this subgroup and the motivation to
use a sequential strategy. For completeness, the arm of
MGMT-methylated glioblastoma will be addressed in the
complementary Alliance A071102 trial (NCT02152982)
and owing to the compatible study designs, these find-
ings can be pooled together.

The aim of the VERTU study was to assess the prelim-
inary efficacy and safety of this sequential veliparib-
containing regimen for participants with newly diagnosed
MGMT-unmethylated glioblastoma.The central hypothesis
for the VERTU study was that adding veliparib to DNA-
damaging therapies, such as radiation and temozolomide,
would improve clinical outcomes.

Methods
Study Objectives

The primary objective of the VERTU study was to determine
the effect of a sequential veliparib-containing regimen on
progression-free survival rate at six months (PFS-6m) in
participants with newly diagnosed MGMT-unmethylated
glioblastoma.

Secondary objectives consisted of assessing overall
survival (OS), the progression-free survival rate at nine
months (PFS-9m), toxicity, feasibility, health-related quality
of life (HRQL), correlation of baseline expression levels of
DNA repair proteins with clinical outcomes, and meas-
uring the mini-mental state examination (MMSE).

Exploratory work consisted of further
immunohistochemistry, whole-exome sequencing, and
methylation profiling, including investigating a potential
DNA repair and response signature to veliparib.

Participant Eligibility

Eligible participants had newly diagnosed glioblastoma
with unmethylated MGMT promoter region, following neu-
rosurgical resection or biopsy. All specimens underwent
central MGMT pyrosequencing analysis and pathology re-
view to assess eligibility. Additionally, 57 of 128 specimens
were randomly selected for MGMT quality assurance at a
reference laboratory. MGMT promoter methylation status
was assessed according to previously published method-
ology.?® In brief, CpG pyrosequencing was performed to
assess the percentage level of MGMT promoter methyl-
ation. The cutoff was based on a series of segmented re-
gressions where the CpG pyrosequencing values were
regressed against their rank order. The model with the
cutoff of <9% vs >9% yielded the minimum mean square
error. Accordingly, if the test value was <9%, then the spec-
imen was considered unmethylated; if the test value was
>9%, then the specimen was considered methylated.

Participants were adults aged 18 years or older, with
a minimum life expectancy of 12 weeks, an Eastern
Cooperative Oncology Group (ECOG) performance status
of 0-2 if aged 70 years or younger, and ECOG status of 0 if
aged over 70 years. Other key inclusion criteria were ade-
quate bone marrow function (neutrophils >1.5 x 10%L and
platelets >100 x 10%L), adequate hepatic function (alanine
aminotransferase [ALT] and aspartate aminotransferase
[AST] <1.5 times the upper limit of normal) and adequate
renal function (creatinine clearance >40 mL/min using
Cockroft-Gault formula).

Exclusion criteria included any concomitant active therapy
for glioblastoma, prior chemotherapy or cranial radiation
within 2 years, prior malignancy within 2 years (except ade-
quately treated carcinoma in situ, cutaneous basal cell carci-
noma, cutaneous squamous cell carcinoma, and superficial
bladder transitional cell carcinoma), serious infection, preg-
nancy, lactation, and any other medical illness or psychoso-
cial circumstance which may compromise participant safety.

Study Design

The VERTU study was a randomized open-label non-
comparative phase Il trial conducted across 16 Australian
sites. The study investigated 2 different treatment re-
gimens for participants with newly diagnosed MGMT-
unmethylated glioblastoma (Figure 1). Based on a prior
dose-finding trial,'® the experimental arm used the combi-
nation of veliparib 200 mg BD (twice a day) and radiation
for 6 weeks (concurrent chemoradiotherapy phase), fol-
lowed by a 4-week treatment break, followed by the com-
bination of veliparib 40 mg BD days 1-7 and temozolomide
150-200 mg/m? OD (once a day) days 1-5, repeated every
28 days for 6 months (adjuvant chemotherapy phase).
The standard arm used the combination of temozolomide
75 mg/m? OD and radiation for 6 weeks (concurrent
chemoradiotherapy phase), followed by a 4-week treat-
ment break, followed by temozolomide 150-200 mg/m?
OD days 1-5, repeated every 28 days for 6 months (adju-
vant chemotherapy phase), as per the Stupp regimen.*
Radiotherapy was administered in a conventionally
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. Concurrent chemoradio-
Screening and enrollment therapy phase (6 weeks)

Adjuvant chemotherapy
phase (28 days x 6 cycles)

Experiment arm (per cycle)
Veliparib 40 mg BD D1-7
TMZ 150-200 mg/m2 OD D1-5

Standard arm (per cycle)
TMZ 150-200 mg/m2 OD D1-5

4-week treatment break
3-monthly follow-up

» Newly diagnosed E .
) xperiment arm

Su?g"eii"ow'”g N =84_ | Veliparib 200 mg BD

» Unmethylated RT 60Gy/30/5
MGMT promoter
reg_ion
P N =41 N [ TMZ 75/m2 OD
TMZ, followed by RT 60Gv/30/5
adjuvant TMZ Y

Fig.1 VERTU study schema.

fractionated regimen, 2 Gy per daily fraction, to a total
of 60 Gy over 30 fractions. All sites underwent quality as-
surance in radiotherapy (QART) to ensure protocol ad-
herence. Antiemetics and pneumocystis pneumonia
prophylaxis were individualized. Treatment was continued
until regimen completion, progressive disease, death, un-
acceptable toxicity, or participant withdrawal. Subsequent
salvage therapy was at the investigator’s discretion.
Randomization was in a 2:1 ratio to the experimental and
standard arms, respectively. The 2:1 ratio was chosen to
promote study recruitment and to gather additional safety
information about the experimental arm. Participants were
stratified by hospital site, age (<70 vs >70), ECOG perfor-
mance status (0 vs 1-2), and surgery type (macroscopic re-
section vs subtotal resection or biopsy) using the method
of minimization. Allocation concealment was achieved by
computer-generated central randomization.

Dose Modifications

For veliparib, during the concurrent chemoradiotherapy
phase, the starting dose was 200 mg BD, with reductions to
150 mg BD, 100 mg BD, 50 mg BD, then permanent discon-
tinuation. Dosing was interrupted and reduced for grade
3-4 veliparib-related toxicity. During the adjuvant phase, the
starting dose was 40 mg BD, with reductions to 30 mg BD,
20 mg BD, then permanent discontinuation. Dosing was in-
terrupted for neutrophils <1.5 x 10%L, platelets <100 x 10%/L,
grade 3 diarrhea, grade 2-4 renal dysfunction, and grade 2-3
venous thromboembolic events; interrupted and reduced
for neutrophils <1.0 x 10%/L, platelets <50 x 10%L, febrile neu-
tropenia, grade 3-4 nausea, grade 4 diarrhea, grade 3-4 skin
toxicity, grade 2-4 infection, grade 3-4 seizures, and grade
2 neuropathy; and permanently discontinued for grade 3-4
liver dysfunction, grade 4 venous thromboembolic events,
grade 3-4 arterial thromboembolic events, grade 3-4 myo-
cardial infarction and grade 3-4 neuropathy.

For temozolomide, during the concurrent
chemoradiotherapy phase, the fixed dose was 75 mg/m?.
Dosing was interrupted for neutrophils <1.5 x 10%L, plate-
lets <100 x 10%L, and grade 2-4 non-hematological toxicity

(except alopecia, nausea, or vomiting). During the adju-
vant phase, the initial cycle was dosed at 150 mg/m?, then,
if well tolerated, escalated to 200 mg/m? in subsequent
cycles. From 200 mg/m?, reductions were to 150 mg/m?,
100 mg/m?, 75 mg/m?, then permanent discontinuation.
Dosing was interrupted for neutrophils <1.5 x 10%L, plate-
lets <100 x 10%L, grade 2-4 renal dysfunction, grade 3-4
skin toxicity, grade 2-4 infection, grade 2-4 venous throm-
boembolic events, grade 3-4 seizures, and grade 2 neurop-
athy; interrupted and reduced for neutrophils <1.0 x 10%L,
platelets <50 x 10%L, febrile neutropenia, grade 3-4 nausea
and grade 3-4 diarrhea; and permanently discontinued for
grade 3-4 liver dysfunction, grade 3-4 arterial thromboem-
bolic events, grade 3-4 myocardial infarction and grade 3-4
neuropathy. Further interruptions and reductions were al-
lowed as needed for participant safety.

Outcomes

Efficacy was evaluated by the survival outcomes. The
primary endpoint of the VERTU study was PFS-6m, the
proportion of participants who were alive and PFS-6m post-
randomization. To explore possible pseudoprogression
(treatment-related contrast enhancement), we also evalu-
ated PFS-9m, the proportion of progression-free partici-
pants at 9 months’ post-randomization. Progression-free
survival (PFS) was defined as the interval from the date
of randomization to date of the first evidence of disease
progression or death from any cause. OS was defined
as the interval from the date of randomization to date of
death from any cause. Participants were censored at the
date of the last follow-up. Notably, PFS-6m was chosen
as the primary endpoint on pragmatic grounds, as it al-
lowed for shorter trial duration. Although PFS-6m is gen-
erally considered a surrogate marker of OS in glioma trials,
this has not invariably been the case, such as in trials of
bevacizumab in newly diagnosed glioblastoma.To mitigate
this, we explicitly included the corroborative secondary
endpoints of PFS-9m and OS.

Response evaluation was performed by the treating cli-
nician according to the updated Response Assessment in
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Neuro-Oncology (RANO) criteria,?’ which incorporates the
magnetic resonance imaging (MRI) findings, neurolog-
ical status, and steroid requirements. Due to potential
pseudoprogression, participants were permitted to continue
therapy if symptoms were well controlled, and the treating
clinician was at liberty to investigate pseudoprogression fur-
ther at their discretion. The date of progression was noted as
the first scan at which potential progression was identified.
MRI scans were performed every 8 weeks and submitted for
retrospective central radiological review.

Clinical assessments and blood tests were performed
every 4 weeks until regimen completion, progressive dis-
ease, death, unacceptable toxicity, or participant with-
drawal. If applicable, a safety follow-up was conducted
30 days after the end of treatment visit. Safety outcomes
were measured according to the National Cancer Institute
Common Terminology Criteria for Adverse Events (NCI
CTCAE) version 4.03. Feasibility was assessed by moni-
toring the accrual rate and treatment compliance.

HRQL was measured using the European Organization
for Research and Treatment of Cancer (EORTC) QLQ-
C30 (core module) and BN-20 (brain module) question-
naires.???4 Each participant completed them at baseline
(week 0), during the concurrent chemoradiotherapy phase
(weeks 4 and 8), and the adjuvant chemotherapy phase
(weeks 10, 14, 18, 22, 26, and 30). Each item was self-
reported using a Likert scale and scored using the EORTC
standard algorithms.?> Five HRQL scales were pre-selected
as primary interest: global health status, physical func-
tioning, social functioning, motor dysfunction, and com-
munication deficit. This approach was based on their
clinical relevance to glioblastoma, alleviating the multiple
statistical comparisons, and conformed with prior neuro-
oncology trials.26:27

A deterioration event was defined as a deleterious
10-point change from baseline in an HRQL scale, which was
sustained at the subsequent visit or where further meas-
urements were unavailable due to an inability to complete
the questionnaire.The 10-point change was selected based
on previous work showing that a change of 5-10 points,
10-20 points, and >20 points corresponded to small, me-
dium, and large clinical well-being changes, respectively.?®
The requirement for consecutive visits was to account for
temporary symptom exacerbation, particularly during the
post-chemoradiotherapy period, consistent with an earlier
study.?® Deterioration-free survival was defined as the time
from randomization to either a deterioration event (as de-
scribed above), progression, or death. Participants who
did not deteriorate were censored at the date of the last
follow-up.

Safety and Feasibility Appraisal

A planned safety and feasibility appraisal were under-
taken after 60 participants had completed the concurrent
chemoradiotherapy phase. The VERTU study was con-
tinued based on adequate safety (<30% of participants
on the experimental arm experienced grade 3-4 toxicity),
accrual rate (=60 participants within 18 months), and
treatment compliance (>70% of participants on the experi-
mental arm completed >70% treatment).

Study Oversight

The VERTU study was an independent investigator-
sponsored study conducted under the auspices of the
Cooperative Trials Group for Neuro-Oncology (COGNO)
and coordinated at the National Health and Medical
Research Council (NHMRC) Clinical Trials Centre (CTC),
University of Sydney as a multicenter study. The study
was supported by grants from The Cure Brain Cancer
Foundation (CBCF), Cancer Council New South Wales
(CCNSW), and AbbVie Pharmaceuticals, including veliparib
supply. AbbVie Pharmaceuticals was not involved in any
aspects of trial conduct or reporting.

The study received ethics approval from the central
Sydney Local Health District Human Research Ethics
Committee (HREC) (HREC/14/RPAH/494), fulfilled local gov-
ernance requirements at each participating site, and was
prospectively registered on the Australia New Zealand
ClinicalTrials Register (ANZCTR) (ACTRN12615000407594).
All participants provided written informed consent before
commencing study procedures. The Trial Management
Committee offered oversight of trial conduct, and the
Independent Data Safety Monitoring Committee under-
took the safety and feasibility appraisal. Data management
was via the InForm Clinical Trial Database. Statistical anal-
ysis was conducted by the Biostatistics Department of the
NHMRC CTC.

Statistical Analysis

The target sample size was 120 participants (80 participants
in the experimental arm and 40 participants in the standard
arm, based on the 2:1 randomization ratio). The 80 parti-
cipants in the experimental arm would yield 80% power
at 10% 1-sided significance level to detect an increase in
PFS-6m from 53% to 65% using Fleming’s 1-stage design.
Assuming constant event rates, this corresponded to a
50% increase in median PFS from a historical benchmark
of 6.5 months to 9.6 months for newly diagnosed MGMT-
unmethylated glioblastoma.3®

This phase Il trial was non-comparative in design and
was insufficiently powered to detect moderate yet clini-
cally important differences in survival outcomes between
the treatment arms. Accordingly, the primary analysis was
non-comparative, and any comparisons between the treat-
ment arms were exploratory.The use of a non-comparative
design was a pragmatic decision. Firstly, a smaller sample
size was needed, relative to a comparative design. For the
purposes of a signal-seeking phase Il trial, this allowed the
VERTU study to be completed in a timely manner, excess
patients were not exposed to a potentially ineffective inter-
vention, and it was feasible to conduct within the context
of a multicenter national trial. Secondly, the standard arm
helps reduce selection bias and estimates PFS-6m under
contemporary standards to inform future randomized
trial design.

As per the intention-to-treat principle, all participants al-
located to a treatment regimen were analyzed for efficacy
outcomes, based on the treatment allocated. All partici-
pants who commenced a treatment regimen were analyzed
for safety outcomes, based on the treatment received.
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Statistical analysis was conducted in SAS 9.4 on
Microsoft Windows. Descriptive statistics were used
to characterize the study participants and to summa-
rize the toxicity and feasibility data. Survival outcomes
and deterioration-free survival were estimated using the
Kaplan-Meier method. Cox proportional hazards regres-
sion models were developed for exploratory comparisons
between the treatment arms. Median follow-up was com-
puted using the reverse Kaplan-Meier estimator.

Results
Study Population

Between November 2015 and October 2018, 128 partici-
pants were enrolled across 16 hospital sites in Australia
(Figure 2). The 128 participants included 3 participants
who were ineligible and thus excluded from all analyses.
Of these, 2 participants were known to have a methylated
MGMT promoter region. Initial testing in 1 participant was
unmethylated MGMT promoter region at randomization,
but the status was updated to methylated upon verifica-
tion. In addition, 2 participants did not receive any study
treatment and were thus excluded from safety analyses.
Overall, 125 participants were analyzed for efficacy out-
comes (84 in the experimental arm and 41 in the standard
arm), and 123 participants were analyzed for safety out-
comes (83 in the experimental arm and 40 in the standard
arm). At the time of analysis, PFS-6m status was known
for 124 of the 125 participants (99%), and OS status at
12 months was known for 121 of the 125 participants (97%).

Enrolled (N = 128)

The participant baseline characteristics were comparable
between the experimental and standard arms (Table 1).
Overall, the median age at enrollment was 61 years, 70% of
participants were male, 59% had an initial ECOG performance
status of 0, and 87% had undergone macroscopic resection.
The use of glucocorticoids was similar in both groups. Based
on the available histopathology reports of IDH (isocitrate de-
hydrogenase) R132H status by immunohistochemistry, only
1 of the 118 participants had evidence of a canonical IDH mu-
tation. Alternating electric field therapy was not a registered
device in Australia and thus no participants received this.

Study Treatment

During the concurrent chemoradiotherapy phase, the
mean planned radiation and drug doses were 99% and
100% (with dose reductions and omissions in 1% and 4%
participants) in the experimental arm, and 100% and 95%,
respectively (with dose reductions and omissions in 5%
and 10% participants) in the standard arm. During the ad-
juvant chemotherapy phase, several adjustments were
necessary for the experimental arm. Veliparib dose re-
ductions were made in 29% of participants, omissions in
5% of participants, and the mean planned drug dose was
60%. Temozolomide dose reductions were made in 39%
of participants, omissions in 4% of participants, and the
mean planned drug dose was 69%. In the standard arm,
temozolomide dose reductions were made in 15% of par-
ticipants, omissions in 6% of participants, and the mean
planned drug dose was 85%.

In the experimental arm, the treatment regimen was
completed in 26% of participants but ceased due to
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Table1 Participant Baseline Characteristics

Age in years Median (range)
Sex Female

Male
ECOG performance status 0

1

2
Karnofsky performance status 100

90

80

70

60

Unknown
Surgery type Macroscopic
Subtotal or biopsy
On dexamethasone at baseline Yes

No
Dexamethasone dose at baseline

IDH R132H status by Mutant
immunohistochemistry

Mean (range)

Non-mutant

Unknown

Experimental Arm Standard Arm All Participants
(N =84) (N=41) (N = 125)

60 (22-78) 62 (24-73) 61 (22-78)
25 (30%) 13 (32%) 38 (30%)
59 (70%) 28 (68%) 87 (70%)
50 (60%) 24 (59%) 74 (59%)
31 (37%) 16 (39%) 47 (38%)
3 (4%) 1 (2%) 4 (3%)
28 (33%) 17 (41%) 45 (36%)
38 (45%) 17 (41%) 55 (44%)
1 (13%) 5 (12%) 16 (13%)
4 (5%) 1 (2%) 5 (4%)
2 (2%) 0 (0%) 2 (2%)
1 (1%) 1 (2%) 2 (2%)
72 (86%) 37 (90%) 109 (87%)
12 (14%) 4 (10%) 16 (13%)
45 (54%) 22 (54%) 67 (54%)
39 (46%) 19 (46%) 58 (46%)
2.9 mg (1-8) 3.2mg (2-6) 3.0mg (1-8)
1 (1%) 0 (0%) 1 (1%)
78 (93%) 39 (95%) 17 (94%)
5 (6%) 2 (5%) 7 (6%)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; IDH, isocitrate dehydrogenase.

disease progression (43%), adverse events (8%), clinician
preference (8%), and participant preference (8%). In the
standard arm, the treatment regimen was completed in
24% of participants but ceased due to disease progression
(54%), adverse events (7%), clinician preference (7%), and
participant preference (5%).

Efficacy

For the primary endpoint of the VERTU study, PFS-6m
was 46% (95% confidence interval [Cl]: 36%-57%) in the
experimental arm and 31% (95% Cl: 18%-46%) in the
standard arm (Figure 3a). Median PFS was estimated
to be 5.7 months (95% Cl: 3.9-6.5 months) in the experi-
mental arm and 4.2 months (95% Cl: 2.4-5.7 months) in the
standard arm. In the exploratory comparison of PFS using
Cox proportional hazards regression, the hazard ratio was
0.78 (95% CI: 0.54-1.15) for the experimental arm relative
to the standard. PFS-9m was 19% (95% Cl: 11%-28%) in
the experimental arm and 16% (95% Cl: 6%-28%) in the
standard arm.

At the time of analysis, the median follow-up for the
VERTU study was estimated to be 27.2 months, and 108 of
the 125 participants had died. Median OS was estimated
to be 12.7 months (95% Cl: 11.4-14.5 months) in the exper-
imental arm and 12.8 months (95% Cl: 9.5-15.8 months)
in the standard arm (Figure 3b). In the exploratory

comparison of OS using Cox proportional hazards regres-
sion, the hazard ratio was 1.14 (95% Cl: 0.76-1.72) for the
experimental arm relative to the standard.

For the aforementioned efficacy outcomes, there was
no suggestion of any treatment interaction within the sub-
groups of age (<70 years vs >70 years), ECOG performance
status (ECOG 0 vs 1 or 2), or surgery type (macroscopic re-
section vs subtotal resection or biopsy). As expected, the
outcomes were generally more favorable in participants
with ECOG performance status of 0 and who underwent
macroscopic resection (additional data in Supplementary
Table 1).

Toxicity

The adverse events are summarized in Table 2.
Cumulatively, grade 3-4 adverse events were experi-
enced in 46 out of 83 participants in the experimental
arm (55%) vs 22 out of 40 participants in the standard
arm (55%).The most common grade 3-4 adverse events
in the experimental arm were thrombocytopenia (17%),
neutropenia (12%), seizures (11%), and fatigue (7%),
and in the standard arm were thrombocytopenia (8%),
seizures (5%), hyperglycemia (5%), and diarrhea (5%).
In direct comparison, there appeared to be a higher
rate of grade 3-4 thrombocytopenia (17% vs 8%), neu-
tropenia (12% vs 3%), seizures (11% vs 5%), fatigue
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Fig.3 Efficacy KM curves. (a) Progression-free survival; (b) overall survival. Abbreviation: KM, Kaplan-Meier.

(7% vs 5%), and thromboembolic events (6% vs 3%) Quality of Life Analysis

in the experimental vs standard arm. There were no

treatment-related deaths or suspected unexpected se- The HRQL questionnaire completion rate was 79%.
rious adverse reactions (SUSARs) (additional data in The lowest completion rates were at the post-
Supplementary Table 2). chemoradiotherapy visit (71%) and the end of
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Table2 Adverse Events

Adverse Event

Alopecia

Anemia

Anorexia

Blurred vision

Chills

Constipation

Dehydration

Dermatitis radiation

Diarrhea

Dizziness

Dry mouth

Dysgeusia

Dyspepsia

Ear pain

Edema limbs

Fatigue

Headache

Insomnia

Mucosal infection

Nausea

Vomiting

Weight loss

Grade

All grades
Grade 3-4
All grades
Grade 3-4
All grades
Grade 3-4
All grades
Grade 3-4
All grades
Grade 3-4
All grades
Grade 3-4
All grades
Grade 3-4
All grades
Grade 3-4
All grades
Grade 3-4
All grades
Grade 3-4
All grades
Grade 3-4
All grades
Grade 3-4
All grades
Grade 3-4
All grades
Grade 3-4
All grades
Grade 3-4
All grades
Grade 3-4
All grades
Grade 3-4
All grades
Grade 3-4
All grades
Grade 3-4
All grades
Grade 3-4
All grades
Grade 3-4
All grades
Grade 3-4

Sim et al. Veliparib in unmethylated MGMT glioblastoma

Experimental Arm (N = 83)

37

25

16

67

57

31

(45%) 19
(0%)
(7%)
(1%)
(30%)
(1%)
(19%)
(1%)
(4%)
(0%)
(36%) 1
(0%)

(11%)

(0%)

(20%)

(0%)

(19%)

(0%)

(18%)

(0%)

(14%)

(0%)

(18%)

(0%)

(12%)

(1%)

(7%)

(0%)

(17%)

(0%)

(81%) 29
(7%) 1
(69%) 20
(4%) 1
(37%) 7
(0%)
(10%)
(0%)
(54%) 17
(0%)
(14%)
(0%)
(12%)
(0%)

=
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Standard Arm (N = 40)

(48%)
(0%)
(0%)
(0%)
(25%)
(0%)
(8%)
(0%)
(3%)
(0%)
(38%)
(0%)
(5%)
(0%)
(20%)
(0%)
(13%)
(5%)
(15%)
(0%)
(18%)
(0%)
(18%)
(0%)
(5%)
(0%)
(3%)
(0%)
(10%)
(3%)
(73%)
(3%)
(50%)
(3%)
(18%)
(0%)
(8%)
(0%)
(43%)
(0%)
(13%)
(0%)
(8%)
(0%)
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Fig. 4 Deterioration-free survival KM curves. (a) Global health status; (b) physical functioning; (c) social functioning; (d) motor dysfunction; (e)
communication deficit. Abbreviation: KM, Kaplan-Meier.

treatment visit (69%). The principal reasons cited for outcome measure was deterioration-free survival,
non-completion were that participants were too un- which accounted for non-completion, progression,
well or declined. As described earlier, the main HRQL and death.
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Deterioration-free survival was examined for each of the
5 pre-selected HRQL scales (Figure 4a-e). Comparing the
experimental vs standard arms, deterioration-free survival
was 3.4 months (95% Cl: 2.5-4.2 months) vs 3.2 months
(2.4-3.9 months) for global health status, 3.3 months (95%
Cl: 2.5-4.4 months) vs 3.5 months (2.2-4.4 months) for phys-
ical functioning, 3.5 months (95% Cl: 2.4-4.6 months) vs
3.5 months (2.3-4.5 months) for social functioning, 3.9 months
(95% CI: 2.8-4.7 months) vs 3.9 months (3.2-4.9 months) for
motor dysfunction, and 4.3 months (95% ClI: 3.3-5.8 months)
vs 3.9 months (2.5-5.1 months) for communication deficit.
There was no statistical evidence of differences, and the
observed differences were not considered clinically impor-
tant (maximum of 0.4 months difference in median times).
Detailed HRQL analyses will be reported separately.

DNA Repair and Response Signature

The analysis of the DNA repair protein expression levels
in collected tumor specimens will be reported separately,
alongside the planned exploratory translational research
work on patient biospecimens.

MMSE

In the experimental arm, the average MMSE scores
were 28 at enrollment, 28 at the start of concurrent
chemoradiotherapy phase, 28 at the start of adjuvant che-
motherapy phase, and 26 at the end of treatment visit. In
the standard arm, the average MMSE scores were 27 at en-
rollment, 27 at the start of concurrent chemoradiotherapy
phase, 28 at the start of adjuvant chemotherapy phase, and
27 at the end of treatment visit.

Discussion

In this prospective multicenter phase Il trial of participants
with newly diagnosed MGMT-unmethylated glioblastoma,
veliparib appeared to be safe and tolerable, but lacked suf-
ficient evidence of clinical benefit to justify a phase Ill trial
with veliparib in this setting.

The use of veliparib was feasible and well tolerated, as evi-
denced by the high rates of accrual and treatment compliance
and the similar toxicity and HRQL findings between the treat-
ment arms. The most common grade 3-4 adverse events re-
lated to myelosuppression and were manageable. However,
to achieve this, dose reductions were needed during the com-
bination of veliparib and temozolomide (mean total planned
dose 60%-70%) and may have abrogated the benefit of the
regimen. The requirement for significant dose reductions in
the experimental arm underscores the complexity of dosing
novel combinations and the need to account for cumulative
low-grade toxicities. Phase 1 partial order and time-to-event
dose-escalation designs may help inform future dosing
schedules. In this case, temozolomide was expected to have
limited activity in MGMT-unmethylated glioblastoma, yet
overlapping toxicities and dose reductions of veliparib may
have precluded potential benefit from PARP inhibition. It is
even more challenging to generalize the tolerability of novel

combinations from a phase 1 setting into a broader glioblas-
toma population.

It is noteworthy that PFS-6m was worse than expected
for both treatment arms, relative to historical reports at
the time of study design.®° This observation highlighted
the usefulness of having a standard benchmark arm. We
surmised that the VERTU study might have enrolled a rel-
atively poor prognosis cohort, perhaps due to pragmatic
eligibility criteria and contemporary refinements in the
MGMT testing method.?' For instance, the study cohort
consisted nearly exclusively of IDH wild-type primary gli-
oblastoma. The difference in PFS-6m (31% vs 46%) was
similar in magnitude to the assumptions made when de-
signing the study (53% vs 65%). This observation under-
scores an important limitation of a non-comparative
randomized phase |l trial, rather than a comparative de-
sign since it relies on the stability of the historical bench-
mark, which can change due to many factors including
differences in patient selection over time. If the benchmark
had been 31%, we would have concluded sufficient clinical
benefit for further evaluation, as seen in the control arm.

A challenge in the study was the response evaluation in
the first-line glioblastoma treatment setting; in particular,
to differentiate disease progression vs pseudoprogression.
For instance, the short median PFS may be driven by high
pseudoprogression rates, illustrating the need for better
means of recording PFS. As a secondary endpoint, we evalu-
ated PFS-9m to assess whether progression continued or
plateaued in participants with early progressive disease (ie,
potential pseudoprogression), but this would not account for
participants where this led to a switch in therapy. Subsequent
to this study, refinements in the neuro-oncology response
criteria have been developed,®? and looking forwards, there
may also be an increasing role for adjunctive functional im-
aging.®® In addition, the MRI scans from this study are being
systematically collected for correlative imaging research in-
cluding retrospective radiological review, volumetric and
radiomics analyses that we will conduct in the near future.

Another challenge was the determination of MGMT
methylation status. In the VERTU study, MGMT methyla-
tion status was reported in a binary manner according to
previously published methodology,?® which reflects clin-
ical practice. However, emerging data suggest that MGMT
reporting may need further refinement, for example, into
categories of highly methylated, partially methylated, or
truly unmethylated.3*The use of a standard quantitative or
semiquantitative assay that has been validated by OS data
could be incorporated into future trials.

The VERTU study was conducted in a landscape where
there have been no approvals of any new systemic therapies
for glioblastoma since the FDA approval of temozolomide
in 2005. As noted earlier, temozolomide offers minimal
benefit in patients with MGMT-unmethylated glioblas-
toma. Stupp and colleagues*3® found no significant benefit
of temozolomide in the unmethylated subgroup, although
the interaction of treatment effect by MGMT methylation
status was not significant in this study. However, combined
with recent data by Perry and colleagues,®® there was a sig-
nificant statistical interaction by MGMT methylation status
and significant survival benefit with temozolomide for both
patients with methylated and unmethylated glioblastoma,
but to a lesser degree in the unmethylated subgroup.
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Recent international phase Il
novel agents, including nivolumab (CheckMate-498
and CheckMate-548), rindopepimut (ACTIV trial),
depatuxizumab mafodotin (INTELLANCE-1), and
vocimagene amiretrorepvec (TOCA-5) all did not change
practice. We are left with a range of early phase clinical
trials, with no outstanding candidate therapies at this
stage. Heeding these lessons, the VERTU study ensured
diligent biospecimen collection to advance our knowledge
of glioblastoma biology.

There is still significant interest to define a future role for
veliparib and other PARP inhibitors in the management of
glioblastoma, noting that although the VERTU study evalu-
ated PARP activity in the setting of MGMT-unmethylated
glioblastoma, there are other promising avenues for in-
quiry. An identifiable subset of participants who derive
particular benefits will need to be defined. For instance,
data suggests that /DH mutations may confer PARP inhib-
itor sensitivity via accumulation of the oncometabolite
2-hydroxyglutarate, which appears to induce a homologous
recombination defect and “BRCAness” phenotype, although
IDH mutations are more common in lower-grade gliomas.®’
Correlative translational research work is planned to vali-
date a putative DNA repair and response signature, based
on the immunohistochemical expression of XRCC1, ATM,
RAD50, MSH2, PARP1, RAD51, and MRE11, as well as un-
dertaking genomic sequencing, methylation profiling, and
peripheral blood immunophenotyping as part of compre-
hensive biomarker discovery. Another avenue for veliparib
development may be in combination with other targeted or
immunotherapeutic agents. Such a strategy has been suc-
cessful in a range of other cancer types. Also, new generation
PARP inhibitors such as talazoparib may induce superior cy-
totoxicity, independent of catalytic inhibition of PARP, due to
the effective trapping of PARP-DNA complexes.®¥This may be
key to PARP activity in many cancers including glioblastoma.
Finally, we await the complementary Alliance A071102 trial
findings, which evaluate the addition of veliparib to adjuvant
temozolomide, but for participants with newly diagnosed
MGMT-methylated glioblastoma instead (NCT02152982).
In the ALLIANCE study, veliparib was administered with
temozolomide in the adjuvant post-radiotherapy phase only,
using the same recommended dosing of veliparib 40 mg BD
days 1-7 and temozolomide 150-200 mg/m? OD days 1-5, re-
peated every 28 days for 6 months.

In summary, PFS-6m was not significantly better than a
historical benchmark of 53%. Consequently, the VERTU study
alone does not support the ongoing evaluation of veliparib in
this population. We have presented the trial main results as
per the protocol and statistical analysis plan, while awaiting
the correlative outcomes. Other clinical trials evaluating
PARP inhibitors including veliparib in glioblastoma are on-
going. One of the recognized barriers to progress in the field
is that most glioblastoma clinical trials are relatively small
(<100 patients) single institution and non-randomized trials.
The VERTU study is a randomized multicenter study of 125
patients that has been rigorously conducted to address an
important research question. Despite not meeting the pri-
mary endpoint, the VERTU study is informative, especially
given the relevance of PARP inhibitors, and thus offers value
in this topical area of neuro-oncology research.

trials investigating

Previous presentations: The outcome of this trial was pre-
sented at the 2019 Society of Neuro-Oncology Annual Meeting
as an oral presentation.

Supplementary Material

Supplementary material is available at Neuro-Oncology

online.
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