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Abstract

This study tested the hypothesis that ABT-888 (velparib), a poly (ADP-ribose) polymerase
(PARP) inhibitor, can modulate temozolomide (TMZ) resistance in recurrent TMZ refractory
glioblastoma patients. The combination regimen (TMZ/ABT-888) was tested using 2 randomized
schedules (5 versus 21 days), with 6-month progression free survival (PFS6) as the primary
endpoint. The maximum tolerated dose (MTD) for TMZ using the 21 day of 28 TMZ schedule, in
concert with 40 mg BID ABT-888 was determined in a phase | portion of this study, and
previously reported to be 75 mg/m? (arm1). The MTD for ABT-888 (40 mg BID) and the 5 of 28
day TMZ (150-200 mg/m?) schedule was known from prior trials (arm 2). Two cohorts were
studied: bevacizumab (BEV) naive (n=151), and BEV refractory (n=74). Overall ten patients were
ineligible. The incidence rate of grade 3/4 myelosuppression over all was 20.0%. For the BEV
refractory cohort, the PFS 6 was 4.4%; for the BEV naive cohort, PFS6 was 17%. Overall survival
was similar for both arms in both the BEV naive (median survival time (MST) 10.3M; 95% ClI,
8.4-12) and BEV refractory cohort (MST 4.7 M; 95%Cl, 3.5-5.6). The median PFS was
essentially the same for both arms and both cohorts at ~2.0M (95% CI, 1.9-2.1).
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Introduction

A large multinational study demonstrated the effectiveness of temozolomide (TMZ) with
and after radiation in the management of newly diagnosed glioblastoma (GBM) after
maximal safe resection [1]. This approach provides a median survival time (MST) of 12-16
months with only 10% of patients surviving 5 years or more [2]. More recently a phase 11
study has provided evidence for improved survival with an alternating electrical field
technology used in conjunction with TMZ in newly diagnosed patients, but data are not yet
available in a peer-reviewed format [3].

To date, no therapy, with the exception of carmustine wafers [4] in a select subset of
patients, (based on 6 month survival data) has provided level 1 evidence for survival benefit
in patients with recurrent GBM. Although bevacizumab (BEV) was approved by the US
FDA for recurrent GBM, its benefit is reflected in improved edema control and progression
free survival (PFS) only. More significantly, no drug therapy to date has had any
demonstrated activity after progression on BEV [5].
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Relative to the above discussion, it was recognized that there might be a further opportunity
to exploit the usefulness of TMZ: At least two major resistance mechanisms to TMZ exist.
High levels of O6 alkylguanine DNA alkyltransferase (AGAT) have been shown to be a
significant resistance mechanism for TMZ and additionally has prognostic significance [6].
The gene locus for the production of AGAT is methyl-guanine-methyl-transferase (MGMT).
If MGMT is methylated, levels of AGAT production are low, which confers TMZ
sensitivity; if MGMT is unmethylated, AGAT levels are high, and this in turn confers
resistance by reversing temozolomide-induced alkylation. Multiple strategies have been
pursued to address MGMT-related resistance. These strategies include patient selection
and/or multiday dosing (e.g., 21 days of TMZ) to diminish AGAT levels [7], (as AGAT is a
suicide enzyme, and prolonged exposure to TMZ reduces its levels), as well as the use of
specific AGAT-inhibitors.

Interestingly, only 7% of the alkylation of temozolomide involves the O6 position of
guanine. Far more common (i.e., approximately 70%) is the alkylation of the N-7 position of
guanine and N-3 position of adenine. These sites of methylation relate to by base excision
pathways, for which poly (ADP-ribose) polymerase (PARP) activity is required [8].
Consistent with these observations, PARP has been directly shown to be related to TMZ
resistance [9, 10].

With the aforementioned background, the RTOG conducted a phase I/11 trial of TMZ and
the PARP inhibitor ABT-888 [11] in recurrent (TMZ resistant) GBM patients. The doses of
ABT-888 for this study were derived from a phase 0 study [12] an ongoing phase I trial with
ABT-888 in subjects with nonhematologic malignancies and metastatic melanoma (Abbive
Investigator's Brochure, 2010) [11]. Additionally, the ABT-888 pharmacokinetic results
following the 20 and 40 mg BID doses achieved the steady-state exposures (AUC) that were
effective in murine efficacy models and were thus selected. The maximum tolerated dose
(MTD) for ABT-888 (40 mg BID) with a 5 of 28 days TMZ dose (150-200 mg/m?2) was
known. The 21 day TMZ dose was determined in a phase | portion of this study, and
previously reported to be 75 mg/m? [13]. Two cohorts were studied: BEV naive, and BEV
refractory.

The overall goal of this study was to provide a foundation for future studies in newly
diagnosed and recurrent GBM. Inherent in this long-term goal is the recognition that
ABT-888 as a PARP inhibitor is a known radiation sensitizer and might be useful in GBM
patients whose disease is not MGMT methylated for which many believe the efficacy of
TMZ in negligible. It was the intent of the current study to treat TMZ-resistant patients as a
proof of principal study, (i.e., to confirm that PARP modulation can result in restoration of
TMZ sensitivity. If confirmed this strategy may be useful in newly diagnosed patients in
whom PARP inhibition may be unusually beneficial (e.g., those with non-methylated
MGMT GBM). Further it was hoped that this approach might provide a salvage therapy for
patient who had progressed on BEV. In this regard, as the prognosis at recurrence for BEV
naive, versus BEV treated patients, is dramatically different [5], patients were placed in
different treatment cohorts on this basis. The report to follow summarizes the results of this
study
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Patients and methods

Patient Population

Histologically proven intracranial glioblastoma or gliosarcoma (phase I1) or any high-grade
glioma (phase 1), with imaging confirmation of tumor progression or regrowth. Patients
were required to have completed a course of radiation therapy (phases I and 11) and at least 2
adjuvant cycles of temozolomide (phase I1). Phase 11 patients could not have had more than
2 prior regimens for recurrent disease for glioblastoma/gliosarcoma; phase | patients were
required not to have more than 3 prior treatments. Other Criteria included: Karnofsky
performance status = 70; Age = 18; CBC/differential obtained within 14 days prior to
registration, with adequate bone marrow function defined as follows: Absolute neutrophil
count (ANC) = 1.5 x 10%/L, Platelets = 100 x 10%L, Hemoglobin = 10.0 g/dI, White blood
cell count (WBC) = 3 x 109/L; Adequate liver function within 14 days prior to registration,
defined as follows: SGOT [AST] < 3.0 x the upper limit of normal (ULN), SGPT [ALT] <
3.0 X ULN Bilirubin < 1.25 X ULN; Adequate renal function, defined as follows, within 14
days prior to registration: Creatinine < 1.7 mg/dL and normal urinary protein; 28 days from
the administration of any investigational agent; 28 days from administration of prior
cytotoxic therapy with the following exceptions: 42 days from administration of
nitrosoureas, 21 days from administration of procarbazine,14 days from administration of
non-cytotoxic agents.

Summary of Patient Enrollment

Treatment

The phase Il components of this study were conducted through two separate randomized
phase Il studies: one for the BEV-naive group and the other for the BEV-failure group. The
phase Il component opened to accrual on March 6, 2012, with a target sample size of 212,
142 for the BEV-naive group and 70 for the BEV-failure group. The study on the BEV-
naive group was temporarily closed to accrual on November 21, 2012, and reopened on
April 17, 2013 following a protocol-specified efficacy analysis. The BEV-naive and BEV-
failure groups were closed to accrual on July 23, 2013 and January 28, 2013, respectively,
with a total of 225 patients enrolled, 151 for the BEV-naive group and 74 for the BEV-
failure group. Overall 10 patients (4.4%) were found to be ineligible secondary to: less than
2 cycles of adjuvant TMZ; no prior TMZ with radiation; no MRI evidence of progression;
TMZ given <28days prior to registration, and therefore excluded from analysis. Table 1 lists
the distributions of pretreatment characteristics for all eligible patients. The distributions of
the stratification factors appeared balanced between the two randomized treatment arms for
each group.

The combination regimen (TMZ/ABT-888) was tested using 2 randomized schedules (21
versus 5 days; arms 1 & 2 respectively), with 6-month PFS (PFS6) as the primary endpoint.
The MTD for ABT-888 (40 mg BID) with a 5 of 28 days TMZ schedule (150-200 mg/m?)
was known, the 21 day TMZ dose in concert with 40 mg BID of ABT-888 was determined
in a phase 1 portion of this study [12]. That dose of TMZ, 75 mg/m?, was then utilized in the
phase Il portion of the study. Two different cohorts of patients were studied: BEV naive, and
BEV refractory, on the same treatment options mentioned above.
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Statistical Methods

Study Design for Primary Endpoints—The primary objective of the phase 1l
component of this study is to determine whether the combination of TMZ and ABT-888
(using two different schedules, 5-day and 21-day) improved the PFS6 rate in patients with
recurrent GBM who had been previously treated with TMZ. The phase Il component was
conducted through two separate randomized phase |1 studies: one for the BEV-naive group
and the other for the BEV-failure group.

For the null hypothesis, assuming no improvement in efficacy for the BEV-naive group, the
PFS6 rate was set to be 15%, according to Wong et al. [14]. For the alternative hypothesis,
the PFS6 rate was set at 30%. The study was designed to provide 90% power for the
detection of a 15% absolute increase in the PFS6 rate. To control for type | error, the
significance level was 0.10 (one-sided). Simon's min-max two-stage principle was used to
calculate the sample size [15]. The first stage required 34 analyzable patients with
measurable disease after surgery for each arm. If 5 or fewer experienced 6-month PFS, then
the null hypothesis that the PFS6 rate for the experimental arm is less than 15% could not be
rejected. Otherwise, accrual would continue to a total of 53 analyzable patients with
measurable disease after surgery for each arm. If 11 or fewer patients experienced 6-month
PFS among the 53 patients, we would not reject the null hypothesis that the PFS6 rate for
the experimental arm is less than 15%; if 12 or more patients experienced 6-month PFS, we
would reject the null hypothesis that the PFS6 rate of the experimental arm is less than 15%
and conclude that PFS6 is at least 30%. The total registration sample size was 71 patients for
each arm to ensure that there would be enough eligible patients with measurable disease
after surgery.

For the BEV-failure group, the PFS6 rate was reported as 0% based on a literature review
[16]. For the null hypothesis, assuming no improvement in efficacy for the BEV-failure
group, the PFS6 rate was set to be 2%. For the alternative hypothesis, the PFS6 rate was set
at 15%, with a 13% absolute increase. The study was designed to provide 90% power for the
detection of this 13% absolute increase in the PFS6 rate, requiring 26 analyzable patients
with measurable disease after surgery for each arm, to detect the projected absolute increase
in PFS6 at a significance level of 0.10 (one-sided). If at least 2 patients were progression
free at 6 months, we would record this regimen to be promising in this patient group. To
ensure that there would be enough analyzable patients with measurable disease after surgery,
the study for the BEV-failure group required a total sample size of 70 patients, 35 per arm.

The crude incidence rate of treatment response (complete response (CR) and partial
response (PR)) by central review was evaluated as a secondary endpoint. For the BEV-naive
group, the analysis was to be performed on the first 53 analyzable patients with measurable
disease after surgery for each arm. For the BEV-failure group, the analysis would be
performed on the first 26 analyzable patients with measurable disease after surgery for each
arm. The crude incidence rate of treatment response were also planned to be calculated on
patients with no measurable disease after surgery by treatment arm and group. Overall
survival (OS) and progression-free survival (PFS) were calculated using the Kaplan-Meier
method for each treatment arm in both groups, based on all the eligible patients. OS was
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defined as the interval from randomization to death due to any cause, and PFS as the interval
from randomization to progression or death, whichever occurred first.

Results

Treatment Adverse Events

Adverse events (AEs) were scored by CTCAE version 4.0; Table 2 summarizes all the
observed toxicities. For all the eligible patients, the incidence rate of grade 3/4
myelosuppression was 20.0%. For Bev refractory patients: in arm 1 (n=32) the grade 3/4
incidence of neutropenia and thrombocytopenia was 12.6% and 25.0% respectively; in arm
2 (n=37) it was 8.1% and 5.4% respectively. For BEV naive patients: in arm 1 (n=73) the
grade 3/4 incidence of neutropenia and thrombocytopenia was 19.1% and 16.4 respectively;
inarm 2 (n=73) it was 4.1% and 8.2% respectively. There were only two patients with grade
3 or higher CD4 lymphopenia, and both were grade 3 cases, one in arm 2 of the BEV naive
group and the other in arm 1 of the BEV refractory group.

Tests for Primary Endpoints

6-month PFS status—Overall, only162 (75.3%) patients were evaluable for 6-month
PFS, as 3 patients received no therapy, 21 (9.8%) patients did not complete cycle 1 of
therapy, and 29 patients had no measurable disease after surgery. For the BEV-failure group,
among the first 26 evaluable in arm 2, only 1 (3.8%) experienced 6-month PFS, less than the
two patients needed to claim this regimen as efficacious. Therefore, we were unable to reject
the null hypothesis that the PFS6 rate is less than 2%. For arm 1, since the targeted accrual
for the primary endpoint of this study was 26 analyzable patients with measurable disease
after surgery and only 19 had been identified from the 36 accrued, the parameters for the
rejection region of the primary endpoint hypothesis test needed to be adjusted. With a
sample size of 19 evaluable patients, the design provided an adjusted power of 86% at a
significance level of 0.10. The rejection region continued to define that if at least 2 patients
were progression free at 6 months, we would be able to claim this regimen as efficacious. Of
these 19 patients, only 1 (5.3%) experienced 6 month PFS, and therefore, we are unable to
reject the null hypothesis that the PFS6 rate for the combination of TMZ and ABT-888 is
less than 2% in the BEV-failure cohort.

For each arm in the BEV-naive group, among the first 53 evaluable patients, 9 (17.0%)
experienced 6-month PFS, less than the number of patients needed (12) to claim efficacy for
this regimen in this patient group. Therefore, we are unable to reject the null hypothesis that
PFS6 for the combination of TMZ and ABT-888 is less than 15% in the BEV-naive cohort.

Results for the Secondary Endpoints

Response Rates—In Bev-failure group, on arm 1, there was 1 CR (5.3%), and no PR; no
CR or PR on arm2. In the BEV-naive group, there was also 1 CR (1.9%), and 1 PR (1.9%),
both on arm 2, for an overall response rate of 3.8%]; additionally, on arm 1 of the BEV-
naive group, there was 1 stable disease (1.9%). %). For the 29 eligible patients with no
measurable disease (19 from BEV-naive group and 10 from BEV-failure group), there was
no CR or PR.
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OS and PFS—For both the BEV-failure and BEV-naive group, OS and PFS were similar
between the treatment arms. Specifically, for the BEV-failure group, MST was 4.7 months
(95% Cl, 3.0-6.3) for arm 1 and 4.7 months (95% Cl, 3.4-7.0) for arm 2, and the Kaplan-
Meier curves for OS did not differ by treatment arm (Figure 1). Median PFS time was 2.2
months (95% CI, 1.1-3.2) and 1.9 months (95% CI, 1.8-2.1), respectively for arm 1 and 2.
For the BEV-naive group, MST was 10.3 (95% Cl, 7.6-13.4) months for arm 1 and 10.7
(95% Cl, 7.6-12.6) for arm 2, and the Kaplan-Meier curves for OS again show no difference
between the two arms (Figure 2). Median PFS time was 2.0 months (95% ClI, 1.8-2.5) and
2.1 months (95% ClI, 1.9-2.3), respectively for arm 1 and 2.

Discussion

This study was designed as a proof of principle relating to the potential ability of the PARP
inhibitor ABT-888 (veliparib) to overcome TMZ resistance. Protocol eligibility required
prior TMZ exposure. At the time of protocol conception the availability MGMT-methylation
status [17] was not mandated, primarily for practical considerations, as well as because the
hypothesis was deemed to be “AGAT-independent”. Indeed, the overriding concept for the
study was to capitalize on methylation at the N3 and N7 positions, presumed to be
independent of the effect of MGMT and related more to base excision repair with PARP as a
necessary co-factor. Hence there was no prospective to plan to collect such data. Relative to
this assumption, it is of interest that at least one group of investigators has recently evolved
preclinical data suggesting a relationship between MGMT methylation status and the ability
of ABT-888 to overcome TMZ resistance. This has resulted in the activation of an Alliance
Oncology study (A071102): “A Phase I1/I11 Randomized Trial of Veliparib or Placebo in
Combination with Adjuvant Temozolomide in Newly Diagnosed Glioblastoma with MGMT
Promoter Hypermethylation.” The A071102 trial tests the veliparib-TMZ synergy concept
using arm 1, i.e., 5/28 day treatment schedule, which was far better tolerated than the arm 2,
i.e., 21/28 day schedule in our study. Parenthetically, in our study MGMT methylation data
was obtained retrospectively for the patients demonstrating response: the 2 CR's were
methylated; the 1 PR was not methylated; data were not available for the one patient with
stable disease. In any case, our trial categorically demonstrates very low clinical activity of
the combination of TMZ and veliparib in both the Bev-naive and refractory recurrent GBM
cohorts, with absolutely no clinical suggestion of synergy, in patients unselected for
MGMT-methylation; this observation should be considered in light of the known ~ 40%
MGMT-methylation rate anticipated in a newly diagnosed GBM cohort.

Our data relating to the differing prognosis of BEV-naive and BEV refractory patients as
illustrated in Figures 1 and 2 is completely consistent with a review of the literature (i.e.,16
phase |1 studies) encompassing 995 BEV progressed patients [5]. Magnus et al noted that
the median time to progression (+/-SD) on BEV was 4.2 M (+/- 2.1), and median survival
after progression on BEV was 3.8M (+/-1) [5]. The data reported here adds to this literature
and again illustrates the dismal prognosis of GBM patients after progression on BEV. The
OS data in the BEV-naive group is similarly consistent overall survival BEV-naive patients
[18, 19]. Presumably these patients received further therapy (which was not recorded),
which likely included BEV.
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In summary the combination of TMZ and ABT-888 did not significantly improve PFS6 for
either the BEV-naive or BEV-failure patients with recurrent GBM who have been
previously treated with TMZ. For both groups of patients, the objective response rate was
low, and did not differ by treatment arm, and the OS and PFS were similar for both
treatment arms.
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Pretreatment Characteristics

Table 1
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ARM1/BEV-NAIVE (n=73)

ARM2/BEV-NAIVE (n=73)

ARM1/BEV-FAILURE (n=32)

ARM2/BEV-FAILURE (n=37)

Age (years), Median (Min — 56(21 - 77)
Max)
Gender
Male 53 (72.6%)
Female 20 (27.4%)

Karnofsky Performance Status*
70-80 29 (39.7%)
90-100 44 (60.3%)
Neurologic Function

No symptoms 27 (37.0%)

Minor symptoms 30 (41.1%)
Moderate symptoms (fully 9 (12.3%)
active)
Moderate symptoms 7 (9.6%)
(required assistance)
Surgery (Initial Brain Tumor)
None 0 (0.0%)
Biopsy only 5 (6.8%)
Subtotal resection 27 (137.0%)
Gross total resection 39 (53.4%)
Other 2 (2.7%)

*
Recent resection

No - biopsy only 42 (57.5%)

Yes 31 (42.5%)
Measurable disease (mm2) (n=62)
Median 42.885
Min - Max 0.49 - 2044.25

56(20 - 81)

47 (64.4%)
26 ( 35.6%)

28 (38.4%)
45 ( 61.6%)

33 (45.2%)
27 (37.0%)
10 ( 13.7%)

3(4.1%)

0 (0.0%)
6 ( 8.2%)
25 (34.2%)
41 (56.2%)
1(1.4%)

42 (57.5%)
31 (42.5%)
(n=65)

119

0.3599 - 8160

56.5(20 - 70)

20 (62.5%)
12 (37.5%)

22 (68.8%)
10 (31.3%)

9(28.1%)
9 (28.1%)
9 (28.1%)

5 (15.6%)

1(3.1%)
2 (6.3%)
10 (31.3%)
19 (59.4%)
0 (0.0%)

23 (71.9%)

9 (28.1%)
(n=26)

283

7.8736 - 7800

57 (38 - 77)

23 (62.2%)
14 (37.8%)

26 ( 70.3%)
11 (29.7%)

7 (18.9%)
13 (35.1%)
10 ( 27.0%)

7 (18.9%)

0 (0.0%)
4(10.8%)
14 (37.8%)
18 (48.6%)
1(2.7%)

29 (78.4%)
8 (21.6%)
(n=33)

506

1.4 - 4464

*
Stratification factor.
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