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Abstract
Purpose

A multi-site Phase | trial was conducted to determine the safety, maximum tolerated dose, and
pharmacokinetics (PK) of Veliparib, a Poly (ADP-ribose) polymerase [PARP] enzyme inhibitor, when
administered with temozolomide (TMZ) alone and then with temozolomide and radiation (RT) in patients
with newly diagnosed glioblastoma.

Methods

Given the potential for myelosuppression when a PARP inhibitor is combined with chemotherapy, the first
6 patients accrued were given Veliparib 10 mg bid and TMZ 75 mg/m2/d daily for six weeks. If this was
well tolerated, the same doses of Veliparib and TMZ would be tested along with standard radiation with
plans to dose escalate the Veliparib in subsequent patient cohorts. Once a maximal tolerated dose was
determined, a 78 patient phase Il study was planned. Peripheral blood pharmacokinetics were assessed.

Results

Twenty-four patients were enrolled. In the first 6 patients who received 6 weeks of TMZ with Veliparib
only one dose limiting toxicity (DLT) occurred. The next 12 patients received 6 weeks of RT + TMZ +
veliparib and 4/12 (33%) had dose limiting hematologic toxicities. As a result, Veliparib was reduced by
50% to 10 mg BID every other week, but again 3/3 patients had dose limiting hematologic toxicities. The
trial was then terminated. The mean clearance (+ SD) CL/F of Veliparib for the initial dose (27.0+ 9.0 L/h,
n=16) and at steady-state for 10 mg BID (23.5+ 10.4 L/h, n = 18) were similar. Accumulation for BID
dosing was 56% (+ 33%).

Conclusions

Although Veliparib 10 mg BID administered with TMZ 75 mg/m2 for six weeks was well tolerated, when
this regimen was combined with standard partial brain irradiation it was severely myelosuppressive even
when the dose was reduced by 50%. This study again highlights the potential of localized cranial
radiotherapy to significantly increase hematologic toxicity of marginally myelosuppressive systemic
therapies.

Introduction

There is evidence that Poly (ADP-ribose) polymerase [PARP] enzyme inhibitors may increase the
effectiveness of both temozolomide and radiotherapy which are critical in the care of patients with newly
diagnosed glioblastoma. It is postulated that PARP inhibitors disrupt DNA damage repair through a
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number of DNA repair pathways via poly (ADP-ribosyl)ation (PARylation) of histones and DNA repair
enzymes.[1-7] The clinical effectiveness of temozolomide, a DNA alkylating agent, is the result of 06-
MeG methylation, especially in patients (30%) with methylation of the gene encoding the relevant repair
enzyme 0%-methylguanine-DNA methyltransferase. The more common temozolomide induced
methylation at N3 of methyladenine and N7 of methylguanine is efficiently repaired by the base excision
repair pathway.[8—13] However, the inhibition of base excision repair by PARP inhibition potentially
increases anti-neoplastic effect by decreasing repair at these locations as well.[14] In addition, PARP
inhibition may enhance the biologic effectiveness of radiotherapy primarily through impact on single
strand break repair, resulting in increased lethal double strand breaks in the context of radiotherapy. [3, 15,
16]

Veliparib is an orally administered small molecule and potent inhibitor of PARP1 and PARP2 that had
been well-tolerated with good bioavailability in a preclinical [17]and a phase 0 clinical trial [18]. Veliparib
was shown to cross the blood brain barrier in a rodent model. [17]

This background provided strong scientific justification to explore the potential therapeutic benefit of
adding veliparib to standard TMZ and RT in the treatment of patients with newly diagnosed
glioblastomas. This study was proposed by the NCI funded Adult Brain Tumor Consortium (ABTC) and
approved by the Cancer Therapy Evaluation Program (CTEP) of the National Cancer institute. The
protocol proposed a phase | component to demonstrate the safety of administering veliparib daily along
with six continuous weeks of temozolomide and then determine the maximal tolerated dose and
pharmacokinetics when veliparib was added to concurrent standard radiotherapy and temozolomide. The
phase Il portion of this protocol was designed to estimate survival with this therapy but was not initiated
given the findings from the phase | study.

Methods

Objective/Outcomes

The primary objective of this phase 1, dose-finding trial was to determine the maximum tolerated dose of
veliparib in patients with newly diagnosed glioblastoma when given daily along with standard
radiotherapy and temozolomide. Given the potential for excess myelosuppression, a six patient safety
cohort was enrolled to first confirm tolerability of administering six weeks of daily veliparib and
temozolomide. If this was well tolerated, the second part of the phase | study would be initiated to
determine the maximally tolerated dose of veliparib daily when it is combined with concurrent radiation
and temozolomide. Secondary objectives were to assess and describe the plasma pharmacokinetics of
veliparib and to describe the toxicity. The primary objective for the planned phase 2 was to estimate
overall survival.

Eligibility Criteria
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Eligible patients were = 18 years of age with newly diagnosed, histologically-confirmed supratentorial
grade IV astrocytoma (GBM), Karnofosky performance status (KPS) = 60%, absolute neutrophil count >
1,500/pL, platelet count>100,000/pL, hemoglobin = 9.0 g/dL, serum creatinine < 2.0 mg/dL or creatinine
clearance = 60 mL/min, total bilirubin < 1.5 mg/dl, and serum transaminases < 2.5-times above the
upper limits of institutional normal. Patients in the initial safety cohort of this study were required to have
completed standard concurrent RT/TMZ (within 28-42 days of study treatment) including 90% of
planned doses of temozolomide without grade = 3 toxicities. Exclusion criteria included
pregnancy/breast-feeding; other antineoplastic therapies, life expectancy < 3 months, uncontrolled seizure
disorder, inability to swallow/retain oral medication, concurrent cytochrome-P450-inducing
anticonvulsants, and comorbidities jeopardizing the ability to receive treatment with reasonable safety.

All subjects provided written informed consent to participate in the trial. The study was reviewed and
approved by CTEP and the institutional review boards at each participating ABTC institution.

Study Design

This was an open-label, multi-center, phase 1 study. The maximum tolerated dose (MTD) was a dose
producing a dose-limiting-toxicity (DLT) rate at 33% or less. A modified 3 + 3 design with 6 patients per
dose cohort was used due to 10 weeks long safety evaluation period that potentially 40-50% patient
might drop-out study for early disease progression.

The initial safety group of up to 6 patients included patients who had recently completed standard
concurrent RT/TMZ) were then treated with one cycle of low-dose veliparib 10 mg BID along with 6 weeks
of once-a day (QD) temozolomide 75 mg/m2/d (no RT). Once this one cycle was complete, patients were
permitted to transition to monthly cycles of standard adjuvant temozolomide 150-200 mg/m2/d for five
consecutive days each month.

If safety was confirmed, then the phase | component including radiotherapy would proceed enrolling
cohorts of 6 patients to pre-specified escalating dose levels of daily veliparib, ranging from 10 mg BID to
100 mg twice-daily BID daily along with TMZ (75 mg/m?/d) for 6 weeks in conjunction with standard
radiation 60 Gy in 30 fractions.The protocol specified that if excessive toxicity occurred, de-escalation
could be introduced by joint decision of study PI, sponsor, and ABTC leadership to a choice of veliparib 10
mg daily, 10 mg every other day or 10 mg BID 1 week on/1 week off for the 6-week period.

Patients received a single dose of veliparib one day prior to starting combination therapy with TMZ or
RT/TMZ for PK testing after the first single dose as described below. Patients without disease
progression, as evaluated by MRI 10-weeks after the initiation of veliparib therapy, received up to four
maintenance cycles of the same dose of veliparib in the initial safety cohort or six cycles in phase |
veliparib/RT/TMZ cohort. Veliparib was to be given BID for 7 days and TMZ 150-200 mg/m? QD for 5
days, repeated every 28 days, with an imaging evaluation after completing every second maintenance
cycle.
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All subjects were followed until death, and survival from the date of study enrollment was reported to
evaluate for any unexpected adverse results.

A single arm phase Il efficacy test at the MTD was planned to include 78 patients with 80% power to
detect an observed hazard ratio for death of 0.75 (0.45-0.6) at an alpha level of 0.1 (one-sided) when
compared with the reference hazard ratio of 0.6 observed in the phase lll trial of RT/TMZ reported by
Stupp [19]

Dose-Limiting Toxicities (DLTs)

DLTs were events considered possible or probably related to veliparib alone, veliparibib/TMZ or
Veliparib/RT per CTCAE v.3.0 including: = grade 3 nonhematological toxicities not resolving with
anticonvulsants or steroid treatment excluding grade 3 nausea and dermatitis. Hematologic toxicity was
considered dose limiting if there was 1) ANC < 500/mm?; 2) Platelets < 25,000/mm?; 3) Grade 3 toxicity
that prevents administration of >75% of the planned temozolomide doses for the first cycle; 4)
interruption of treatment for > 14 days. All subjects were monitored for safety throughout the trial.

Pharmacokinetics

Plasma samples were collected to define plasma concentration-time profiles. Samples were collected
shortly before dosing and at 0.25, 0.5, 1, 2, 3, 4, 6, 8, and 24 hours after the first dose of six weeks of TMZ
and again after achieving steady-state conditions on any day of week 3 of the six weeks (omitting the 24
hour specimen). Samples were analyzed by liquid chromatography-mass spectrometry (LC-MS)/mass
spectrometry (MS), Agilent 410B Triple Quadrupole LC/MS system (Agilent Technologies, Inc., Santa
Clara, CA).

The plasma concentration-time data for veliparib was analyzed by nhoncompartmental methods using
model 200 for extravascular input in WinNonlin Professional version 5.0.1. Samples with concentrations
below the LLQ of the assay were excluded. The maximum concentration of the drug achieved in plasma
(Cmax) and the time that it occurred (tmax) were based upon the observed values following a given dose.
Area under the plasma concentration-time curves for 8 h (AUC8) and 24 h (AUC24) after dosing were
estimated using the log- linear trapezoidal algorithm. Routines provided in the Data Analysis ToolPak of
Microsoft Excel 2003 (11.8231.8221) SP3, Professional Edition (Redmond, WA), were used for the
descriptive statistics and statistical tests. Arithmetic averages and standard deviations were calculated
for the time of the maximum drug concentration in plasma (tmax). Geometric means were calculated for
all other pharmacokinetic variables. The jackknife technique was used to estimate the standard deviation
of geometric means.

Results

Patient Characteristics
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A total of 24 patients were enrolled in this study from 7 institutions. Six were accrued to the initial safety
group, 12 to the concomitant TMZ/RT/veliparib 10mg BID treatment group, and 6 to a de-escalation
group receiving 10 mg BID every other week during the RT/TMZ. Patient characteristics are summarized
in Table 1. Tumor MGMT methylation and IDH were not routinely available at the time of the study.

Treatment Received and Toxicity

In the initial safety group of patients treated with daily Veliparib 10 mg BID and TMZ only one of 6
patients (16%) had a DLT (grade 4 thrombocytopenia). This permitted advancement to the second part
of this study where daily veliparib 10 mg BID was combined with TMZ 75mg/m?/d for 6 weeks along
with six 6 weeks of focal cranial irradiation.[19] As 2 of the first 6 patients developed severe hematologic
DLT (thrombocytopenia), the protocol was amended to accrue another six patients at this dose level to
obtain more information after consultation with ABTC leadership, the sponsor, the study Pl and approval
by the NCI Cancer Therapy Evaluation Program (CTEP). Of the 12 patients treated at this dose, 4 patients
(33%) had severe myelosuppression (3 with platelets <25,000/mm® and one with
neutropenia/thrombocytopenia/anemia). After further consultations with the NCI, the company, and the
ABTC, the trial principal investigator decided to reduce the veliparib by 50% to administer 10 mg BID of
veliparib every other week of the treatment course (weeks 1,3,5). This de-escalation regimen resulted in 3
of 6 subjects (50%) experiencing DLT, 2 thrombocytopenia and 1 neutropenia. The hematologic toxicity
with this regimen was judged high enough that the trial was terminated due to the unacceptable DLT rate
at the lowest veliparib dose level of interest. A full accounting of the DLT events are presented in Table 2.

Pharmacokinetic data

A total of 334 plasma samples from 18 patients were processed. Pharmacokinetic parameters for the
initial dose were estimated for 16 of the 24 patients. Pharmacokinetic parameters could not be estimated
for 8 patients because the sample at 24 hours after dosing was either not collected (1 patient) or
collected after the next dose was taken (7 patients). Steady-state pharmacokinetic parameters were
estimated for a dose given on week 3 for 18 patients who received veliparib on a continuous basis for six
weeks.

The pharmacokinetic parameters were similar for single dose and steady state measurements. (Table 3)
Accumulation for BID dosing was 56 ng/mL + 33%. The steady state peak and trough concentrations for
each patient are shown in figure 1.

Survival

Survival was not a primary outcome for this phase | study. However, the median survival of patients on
this study was 13 months (95%Cl: 8-16 months) and the survival at 2 years was 25%.

Discussion
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PARP is a nuclear enzyme that recognizes and is activated by DNA damage, catalyzing DNA repair
pathways for both single-stranded and double-stranded DNA breaks via poly-ADP-ribosylation of many
relevant nuclear target proteins, including histones and DNA repair enzymes.[3, 7, 20, 21] Preclinical
studies suggest additional therapeutic benefit to the co-administration of a PARP inhibitor and
antineoplastic agents which damage DNA, such as radiotherapy and alkylating agents including TMZ.
[1-3,8,9,12,13, 15, 16, 22]Hence, ABTC initiated a single-arm multi-institutional phase | study to
determine the maximal tolerated dose of the PARP inhibitor veliparib administered along with standard
postoperative RT/TMZ in the initial therapy of GBM. A preplanned phase Il study of the maximal tolerated
dose to measure therapeutic outcome did not proceed after a collective decision that even with very low,
and likely ineffective, dosing of veliparib a safe dose could not be identified. These discussions involved
ABTC investigators, the Cancer Therapy Evaluation Program (CTEP) at NCI, and the pharmaceutical
sponsor.

Although randomized controlled trials in other malignant diseases have also demonstrated that PARP
inhibition is often associated with some increase in myelosuppression, these studies have confirmed that
PARP inhibitors often remain tolerable when administered along with cytotoxic myelosuppressive
chemotherapy such as topotecan, gemcitabine, platinum agents, taxanes, cyclophosphamide, and
temozolomide.[23—-31] A meta-analysis of randomized trials of PARP inhibitor alone or concurrent with
systemic chemotherapy demonstrating significantly increased risk of high-grade anemia (RR, 3.06; 95%
Cl,2.11-4.43; p<0.00001), neutropenia (RR, 1.66; 95% Cl, 1.33-2.07; p<0.00001) and thrombocytopenia
(RR, 2.76;95% Cl, 1.83-4.16; p < 0.00001).[31] The hematologic effect is hypothesized to be in part
consequent to an effect on hematopoiesis consequent to cross-inhibition of PARP-2 which appears to
impact hematopoietic progenitor cell survival and capacity for proliferation.[32]

Clinical studies including randomized phase Il and Ill studies using higher daily doses of veliparib have
since been published confirming our safety finding that veliparib can be administered to patients with
glioblastoma in conjunction with adjuvant TMZ (without concurrent radiotherapy) after completion of
standard radiotherapy and also that it is safe along with cranial radiotherapy alone. However, these
studies have not provided significant increases in survival. NRG Oncology Group tested a combination
regimen of TMZ/veliparib 40 mg BID, dosed according to two randomized schedules (5 vs. 21 days), both
alongside TMZ (75mg/m? days 1-5 of 28 day cycle), in the treatment of recurrent TMZ-resistant GBM in
patients who had received standard concurrent RT/TMZ in the initial therapy of the disease. [33] The
VERTU study of veliparib in the treatment of MGMT-unmethylated GBM patients implemented 200 mg
veliparib BID with standard RT alone (without TMZ) followed by concurrent administration of 40 mg
veliparib BID on only days 1-7 of each 5 day cycle of standard adjuvant TMZ.[34] Recently presented
results of Alliance Trial AO71102 (NCT02152982) with randomization of patients with MGMT
methylation between standard adjuvant TMZ and veliparib 40 mg BID each day of standard TMZ (days
1-5) after completion of concurrent RT/TMZ also indicated increased but acceptable hematologic
toxicity (neutropenia, thrombocytopenia, and anemia) without survival benefit.[35] Moreover, a phase il
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trial evaluated Veliparib 40 mg BID or 200 mg BID compared with placebo added to whole brain
radiotherapy for brain metastasis demonstrated no increase in adverse events. [36]

The demonstrated tolerability of veliparib along with temozolomide alone in this and other studies as well
as PK data in the patient dosing groups both suggest that drug accumulation with daily dosing over six
weeks is not the mechanism of the observed hematologic toxicity with Veliparib/RT/TMZ. Rigorous
pharmacokinetic measurement did not demonstrate alteration of veliparib clearance or drug
accumulation over time when co-administered with temozolomide as a potential explanation for
increased myelosuppression as clearance, peak, and trough doses remained similar throughout the
course of treatment. Other trials have similarly demonstrated no effect of TMZ co-administration on the
clearance of veliparib.[37-41] Although temozolomide concentrations were not measured in our study,
one trial has confirmed that veliparib coadministration does not affect TMZ plasma exposures.[42]

As the 10 mg BID dose of veliparib with TMZ alone was tolerable and drug accumulation was not
observed, we consider it likely that the additional observed toxicity is related to the systemic
myelosuppressive effects of localized radiotherapy. The importance of considering the effects of cranial
radiotherapy on the significant proportion of blood that flows through the brain during repeated treatment
sessions was previously noted when there was worse immunosuppression and thrombocytopenia when
radiotherapy was added to BCNU and Cisplatin for glioblastoma [43]. The enhanced hematologic toxicity
which may occur when radiation is combined with systemic drugs appears to be mediated through direct
effect circulating blood cells .[44-49] The toxicity observed in this trial when adding cranial RT to
Veliparib/TMZ again highlights the potential that combining drug regimens with localized cranial
radiotherapy may not only result in neurotoxicity but may unexpectedly increase systemic adverse events.

In retrospect, our trial design had several limitations that emphasize important considerations that should
be kept in mind while studying sensitizing agents in this disease. The initial safety arm that was designed
to demonstrate safety of veliparib along with TMZ (without concurrent radiotherapy) was confined to the
select population of patients who had already tolerated concurrent radiotherapy and TMZ without
significant myelosuppression. This study also illustrates the need for flexibility in dosing step changes
based on unexpected findings with novel multi-agent, multi-modality combination therapies. In this study,
the choice of several veliparib dose de-escalation strategies was written into the protocol with decision to
be determined by the PI, sponsor, and ABTC based on the observed toxicities and pharmacokinetics. Still,
the protocol required amendment to enroll additional patients when 33% thrombocytopenia was observed
the first cohort of 6 patients to learn more to guide the decision about dose de-escalation. Temozolomide
dose de-escalation was not included in our trial design as there was concern that this could be
inappropriate in a trial including a novel agent of unknown effectiveness given concern that
concentration of temozolomide behind the blood brain barrier might become too low for therapeutic
benefit. However, development of combination drug regimen including temozolomide may ultimately
require a temozolomide dose reduction and could be considered in the trial design of select promising
new agents where there is meaningful pre-existing evidence of clinical effectiveness.
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Conclusion

Daily Veliparib 10 mg BID can be safely administered with TMZ 75 mg/m2 for six week. However, when
these agents are administered with six weeks of standard radiation, a tolerable dose of veliparib could
not be found even with 50% dose reductions. Veliparib pharmacokinetics demonstrated peak and trough
concentrations remains stable throughout six weeks of daily dosing of veliparib 20 mg BID when
administered concurrently with daily temozolomide. This trial highlights the importance of recognizing
that radiation may enhance systemic toxicity of drug therapy in trial designs for treatment of newly
diagnosed glioblastoma.

Abbreviations

a Cmin

minimum drug concentration in plasma
Cmax

maximum drug concentration i plasma
t1/2

apparent terminal phase half-life

AUC

area under the plasmaconcentration-time curve to infinity (single dose) or for a 12 h dosing interval
(steady-state)

CL/F

apparent oral clearance per hour.

Declarations

Funding: This work was supported by Abvie (Abbot Laboratories) and NIH grant UM1 CA 137443 (Adult
Brain Tumor Consortium, Principal Investigators: Stuart A. Grossman, Patrick Wen, Burt Nabors)

Financial interests: Dr. Kleinberg reports research support from BMS. Incyte, Novartis, and Novocure as
well as honorarium for a study steering committee for Novocure. Dr. Lieberman reports Research
funding from Chimerix and Novocure. Dr Grossman, Dr. Stevens, Dr. Mikkelsen, Dr. Ye, Dr. Lesser, and Dr.
Supko declare they have no financial interests.

All authors contributed to the study conception and design. Material preparation, data collection and
analysis were performed by Lawrence Kleinberg, Xiaobu Ye, Jeff Supko, Glenn Stevens; Hui-Khu Shu; Tom
Mikkelson; Frank Lieberman and Glen Lesser. The first draft of the manuscript was written by Emerson
Lee and all authors commented on previous versions of the manuscript. All authors read and approved
the final manuscript.

References

Page 10/19



10.

11.

12.

13.

14.

. CHAMBON P, WEILL JD, MANDEL P (1963) Nicotinamide mononucleotide activation of new DNA-

dependent polyadenylic acid synthesizing nuclear enzyme. Biochem Biophys Res Commun 11:39-
43.10.1016/0006-291x(63)90024-x

. Chen A (2011) PARP inhibitors: its role in treatment of cancer. Chin J Cancer 30:463-471.

10.5732/¢jc.011.10111

. Li W, Wang F, Song G, Yu Q, Du R, Xu P (2023) PARP-1: a critical regulator in radioprotection and

radiotherapy-mechanisms, challenges, and therapeutic opportunities. Front Pharmacol 14:1198948.
10.3389/fphar.2023.1198948

. Shall S, de Murcia G (2000) Poly(ADP-ribose) polymerase-1: what have we learned from the deficient

mouse model? Mutat Res 460:1-15. 10.1016/s0921-8777(00)00016-1

. Virag L, Szabo C (2002) The therapeutic potential of poly(ADP-ribose) polymerase inhibitors.

Pharmacol Rev 54:375-429. 10.1124/pr.54.3.375

. Masutani M, Nozaki T, Nakamoto K, Nakagama H, Suzuki H, Kusuoka O, Tsutsumi M, Sugimura T

(2000) The response of Parp knockout mice against DNA damaging agents. Mutat Res 462:159-
166.10.1016/s1383-5742(00)00033-8

. Herrmann GK, Yin YW (2023) The Role of Poly(ADP-ribose) Polymerase 1 in Nuclear and

Mitochondrial Base Excision Repair. Biomolecules 13:1195. 10.3390/biom13081195

. Barazzuol L, Jena R, Burnet NG, Meira LB, Jeynes JCG, Kirkby KJ, Kirkby NF (2013) Evaluation of

poly (ADP-ribose) polymerase inhibitor ABT-888 combined with radiotherapy and temozolomide in
glioblastoma. Radiat Oncol 8:65-65. 10.1186/1748-717X-8-65

. Tisdale MJ (1987) Antitumor imidazotetrazines—XV. Role of guanine 06 alkylation in the mechanism

of cytotoxicity of imidazotetrazinones. Biochem Pharmacol 36:457-462. 10.1016/0006-
2952(87)90351-0

Denny BJ, Wheelhouse RT, Stevens MF, Tsang LL, Slack JA (1994) NMR and molecular modeling
investigation of the mechanism of activation of the antitumor drug temozolomide and its interaction
with DNA. Biochemistry 33:9045-9051. 10.1021/bi00197a003

Hegi ME, Diserens AC, Gorlia T, Hamou MF, de Tribolet N, Weller M, Kros JM, Hainfellner JA, Mason W,
Mariani L et al (2005) MGMT gene silencing and benefit from temozolomide in glioblastoma. N Engl
J Med 352:997-1003. doi: 352/10/997 [pii]

Yuan AL, Ricks CB, Bohm AK, Lun X, Maxwell L, Safdar S, Bukhari S, Gerber A, Sayeed W, Bering EA et
al (2018) ABT-888 restores sensitivity in temozolomide resistant glioma cells and xenografts. PLoS
ONE 13:e0202860. 10.1371/journal.pone.0202860

Wu S, Li X, Gao F, de Groot JF, Koul D, Yung WKA (2021) PARP-mediated PARylation of MGMT is
critical to promote repair of temozolomide-induced 06-methylguanine DNA damage in glioblastoma.
Neuro Oncol 23:920-931. 10.1093/neuonc/noab003

Tentori L, Portarena |, Torino F, Scerrati M, Navarra P, Graziani G (2002) Poly(ADP-ribose) polymerase
inhibitor increases growth inhibition and reduces G(2)/M cell accumulation induced by
temozolomide in malignant glioma cells. Glia 40:44-54. 10.1002/glia.10113

Page 11/19



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Barazzuol L, Jena R, Burnet NG, Jeynes JCG, Merchant MJ, Kirkby KJ, Kirkby NF (2012) In vitro
evaluation of combined temozolomide and radiotherapy using X rays and high-linear energy transfer
radiation for glioblastoma. Radiat Res 177:651-662. 10.1667/rr2803.1

Lesueur P, Chevalier F, Austry J, Waissi W, Burckel H, Noel G, Habrand J, Saintigny Y, Joly F (2017)
Poly-(ADP-ribose)-polymerase inhibitors as radiosensitizers: a systematic review of pre-clinical and
clinical human studies. Oncotarget 8:69105-69124. 10.18632/oncotarget.19079

Donawho CK, Luo Y, Luo Y, Penning TD, Bauch JL, Bouska JJ, Bontcheva-Diaz VD, Cox BF, DeWeese
TL, Dillehay LE et al (2007) ABT-888, an orally active poly(ADP-ribose) polymerase inhibitor that
potentiates DNA-damaging agents in preclinical tumor models. Clin Cancer Res 13:2728-2737.
10.1158/1078-0432.CCR-06-3039

Kummar S, Kinders R, Gutierrez ME, Rubinstein L, Parchment RE, Phillips LR, Ji J, Monks A, Low JA,
Chen A et al (2009) Phase 0 clinical trial of the poly (ADP-ribose) polymerase inhibitor ABT-888 in
patients with advanced malignancies. J Clin Oncol 27:2705-2711. 10.1200/JC0.2008.19.7681

Stupp R, Mason WP, van den Bent MJ, Weller M, Fisher B, Taphoorn MJ, Belanger K, Brandes AA,
Marosi C, Bogdahn U et al (2005) Radiotherapy plus concomitant and adjuvant temozolomide for
glioblastoma. N Engl J Med 352:987-996. doi: 352/10/987 [pii]

Malanga M, Althaus FR (2005) The role of poly(ADP-ribose) in the DNA damage signaling network.
Biochem Cell Biol 83:354-364. 10.1139/005-038

Dantzer F, Schreiber V, Niedergang C, Trucco C, Flatter E, De La Rubia G, Oliver J, Rolli V, Menissier-de
Murcia J, de Murcia G (1999) Involvement of poly(ADP-ribose) polymerase in base excision repair.
Biochimie 81:69-75. 10.1016/s0300-9084(99)80040-6

Curtin NJ, Wang L, Yiakouvaki A, Kyle S, Arris CA, Canan-Koch S, Webber SE, Durkacz BW, Calvert HA,
Hostomsky Z et al (2004) Novel poly(ADP-ribose) polymerase-1 inhibitor, AG14361, restores
sensitivity to temozolomide in mismatch repair-deficient cells. Clin Cancer Res 10:881-889.
10.1158/1078-0432.ccr-1144-3

Bhamidipati D, Haro-Silerio JI, Yap TA, Ngoi N (2023) PARP inhibitors: enhancing efficacy through
rational combinations. Br J Cancer. 10.1038/s41416-023-02326-7

Coleman RL, Fleming GF, Brady MF, Swisher EM, Steffensen KD, Friedlander M, Okamoto A, Moore
KN, Efrat Ben-Baruch N, Werner TL et al (2019) Veliparib with First-Line Chemotherapy and as
Maintenance Therapy in Ovarian Cancer. N Engl J Med 381:2403-2415. 10.1056/NEJM0a1909707

Han HS, Dieras V, Robson M, Palacova M, Marcom PK, Jager A, Bondarenko |, Citrin D, Campone M,
Telli ML et al (2018) Veliparib with temozolomide or carboplatin/paclitaxel versus placebo with
carboplatin/paclitaxel in patients with BRCA1/2 locally recurrent/metastatic breast cancer:
randomized phase Il study. Ann Oncol 29:154-161. 10.1093/annonc/mdx505

Dieras V, Han HS, Kaufman B, Wildiers H, Friedlander M, Ayoub J, Puhalla SL, Bondarenko |,
Campone M, Jakobsen EH et al (2020) Veliparib with carboplatin and paclitaxel in BRCA-mutated
advanced breast cancer (BROCADE3): a randomised, double-blind, placebo-controlled, phase 3 trial.
Lancet Oncol 21:1269-1282. 10.1016/S1470-2045(20)30447-2

Page 12/19



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Clarke JM, Patel JD, Robert F, Kio EA, Thara E, Ross Camidge D, Dunbar M, Nuthalapati S, Dinh MH,
Bach BA (2021) Veliparib and nivolumab in combination with platinum doublet chemotherapy in
patients with metastatic or advanced non-small cell lung cancer: A phase 1 dose escalation study.
Lung Cancer 161:180-188. 10.1016/j.lungcan.2021.09.004

Tuli R, Shiao SL, Nissen N, Tighiouart M, Kim S, Osipov A, Bryant M, Ristow L, Placencio-Hickok V,
Hoffman D et al (2019) A phase 1 study of veliparib, a PARP-1/2 inhibitor, with gemcitabine and
radiotherapy in locally advanced pancreatic cancer. EBioMedicine 40:375-381.
10.1016/j.ebiom.2018.12.060

Czito BG, Deming DA, Jameson GS, Mulcahy MF, Vaghefi H, Dudley MW, Holen KD, DelLuca A,
Mittapalli RK, Munasinghe W et al (2017) Safety and tolerability of veliparib combined with
capecitabine plus radiotherapy in patients with locally advanced rectal cancer: a phase 1b study.
Lancet Gastroenterol Hepatol 2:418-426. 10.1016/S2468-1253(17)30012-2

Sandhu SK, Schelman WR, Wilding G, Moreno V, Baird RD, Miranda S, Hylands L, Riisnaes R, Forster
M, Omlin A et al (2013) The poly(ADP-ribose) polymerase inhibitor niraparib (MK4827) in BRCA
mutation carriers and patients with sporadic cancer: a phase 1 dose-escalation trial. Lancet Oncol
14:882-892. 10.1016/S1470-2045(13)70240-7

Wang C, Li J (2021) Haematologic toxicities with PARP inhibitors in cancer patients: an uptodate
metaanalysis of 29 randomized controlled trials. J Clin Pharm Ther 46:571-584.
10.1111/jcpt. 13349

Farres J, Llacuna L, Martin-Caballero J, Martinez C, Lozano JJ, Ampurdanes C, Lopez-Contreras AJ,
Florensa L, Navarro J, Ottina E et al (2015) PARP-2 sustains erythropoiesis in mice by limiting
replicative stress in erythroid progenitors. Cell Death Differ 22:1144-1157. 10.1038/cdd.2014.202

Robins HI, Zhang B, Gilbert MR, Chakravarti A, de Groot JF, Grimm SA, Wang F, Lieberman FS, Krauze
A, Trotti AM et al (2016) A randomized phase I/1l study of ABT-888 in combination with
temozolomide in recurrent temozolomide resistant glioblastoma: an NRG oncology RTOG group
study. J Neurooncol 126:309-316. 10.1007/s11060-015-1966-z

Sim H, McDonald KL, Lwin Z, Barnes EH, Rosenthal M, Foote MC, Koh E, Back M, Wheeler H, Sulman
EP et al (2021) A randomized phase Il trial of veliparib, radiotherapy, and temozolomide in patients
with unmethylated MGMT glioblastoma: the VERTU study. Neuro Oncol 23:1736—-1749.
10.1093/neuonc/noab111

Sarkaria JN, Ballman KV, Kizilbash SH, Sulman EP, Giannini C, Mashru SH, Piccioni DE, Friday BEB,
Dixon JG, Kabat B et al (2022) Randomized phase II/1ll trial of veliparib or placebo in combination
with adjuvant temozolomide in newly diagnosed glioblastoma (GBM) patients with MGMT promoter
hypermethylation (Alliance A071102). JCO 40:2001. 10.1200/JC0.2022.40.16_suppl.2001

Mehta MP, Wang D, Wang F, Kleinberg L, Brade A, Robins HI, Turaka A, Leahy T, Medina D, Xiong H et
al (2015) Veliparib in combination with whole brain radiation therapy in patients with brain
metastases: results of a phase 1 study. J Neurooncol 122:409-417.10.1007/s11060-015-1733-1

Page 13/19



37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Mittapalli RK, Nuthalapati S, Delke DeBord AE, Xiong H (2017) Development of a Level A in Vitro-in
Vivo Correlation for Veliparib (ABT-888) Extended Release Tablet Formulation. Pharm Res 34:1187-
1192.10.1007/s11095-017-2133-3

Nuthalapati S, Munasinghe W, Giranda V, Xiong H (2018) Clinical Pharmacokinetics and Mass
Balance of Veliparib in Combination with Temozolomide in Subjects with Nonhematologic
Malignancies. Clin Pharmacokinet 57:51-58. 10.1007/s40262-017-0547-z

Singh R, Mehrotra S, Gopalakrishnan M, Gojo |, Karp JE, Greer JM, Chen A, Piekarz R, Kiesel BF,
Gobburu J et al (2019) Population pharmacokinetics and exposure-response assessment of veliparib
co-administered with temozolomide in patients with myeloid leukemias. Cancer Chemother
Pharmacol 83:319-328. 10.1007/s00280-018-3731-4

Gojo |, Beumer JH, Pratz KW, McDevitt MA, Baer MR, Blackford AL, Smith BD, Gore SD, Carraway HE,
Showel MM et al (2017) A Phase 1 Study of the PARP Inhibitor Veliparib in Combination with
Temozolomide in Acute Myeloid Leukemia. Clin Cancer Res 23:697-706. 10.1158/1078-0432.CCR-
16-0984

Kummar S, Chen A, Ji J, Zhang Y, Reid JM, Ames M, Jia L, Weil M, Speranza G, Murgo AJ et al (2011)
Phase | study of PARP inhibitor ABT-888 in combination with topotecan in adults with refractory solid
tumors and lymphomas. Cancer Res 71:5626—5634. 10.1158/0008-5472.CAN-11-1227

Middleton MR, Friedlander B, Hamid O, Daud A, Plummer R, Falotico N, Chyla B, Jiang F, McKeegan E,
Mostafa NM et al (2015) Randomized phase Il study evaluating veliparib (ABT-888) with
temozolomide in patients with metastatic melanoma. Ann Oncol 26:2173-2179.
10.1093/annonc/mdv308

Kleinberg L, Grossman SA, Piantadosi S, Zeltzman M, Wharam M (1999) The effects of sequential
versus concurrent chemotherapy and radiotherapy on survival and toxicity in patients with newly
diagnosed high-grade astrocytoma. Int J Radiat Oncol Biol Phys 44:535-543. 10.1016/s0360-
3016(99)00060-7

Yovino S, Kleinberg L, Grossman SA, Narayanan M, Ford E (2013) The etiology of treatment-related
lymphopenia in patients with malignant gliomas: modeling radiation dose to circulating lymphocytes
explains clinical observations and suggests methods of modifying the impact of radiation on
immune cells. Cancer Invest 31:140-144. 10.3109/07357907.2012.762780

Kleinberg L, Sloan L, Grossman S, Lim M (2019) Radiotherapy, Lymphopenia, and Host Immune
Capacity in Glioblastoma: A Potentially Actionable Toxicity Associated With Reduced Efficacy of
Radiotherapy. Neurosurgery 85:441-453. 10.1093/neuros/nyz198

Paganetti H (2023) A review on lymphocyte radiosensitivity and its impact on radiotherapy. Front
Oncol 13:1201500. 10.3389/fonc.2023.1201500

Kut C, Kleinberg L (2023) Radiotherapy, lymphopenia and improving the outcome for glioblastoma: a
narrative review. Chin Clin Oncol 12:4-94. 10.21037/cco-22-94

Campian JL, Piotrowski AF, Ye X, Hakim FT, Rose J, Yan X, Lu Y, Gress R, Grossman SA (2017) Serial
changes in lymphocyte subsets in patients with newly diagnosed high grade astrocytomas treated

Page 14/19



with standard radiation and temozolomide. J Neurooncol 135:343-351. 10.1007/s11060-017-2580-
ya

49. Hughes MA, Parisi M, Grossman S, Kleinberg L (2005) Primary brain tumors treated with steroids and
radiotherapy: low CD4 counts and risk of infection. Int J Radiat Oncol Biol Phys 62:1423-1426.
10.1016/j.ijrobp.2004.12.085

Tables

Table 1. Subject demographic characteristics
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Dosing Schedule

Variable Veliparib 10 m Veliparib 10 mg BID  Veliparib 10 mg BID, Total,
BID + TMZ, n gs) + TMZ +RT, n (%) alt(egzér?ate weeks,+ TMZ+RT, n (%)
n

Sex

Female 1(16.7) 5(41.7) 2 (33.3) 8
(33.3)

Male 5 (83.3) 7 (58.3) 4 (66.7) 16
(66.7)

Race

White 6 (100) 12 (100) 6 (100) 24
(100)

Black 0 0 0 0

American 0 0 0 0

Indian/Alaska

Native

Asian 0 0 0 0

Other 0 0 0 0

Ethnicity

Hispanic 0 0 0 0

Not Hispanic, 6 (100) 12 (100) 6 (100) 24
(100)

Age (years)

<25 0 0 0 0

26-65 6 (100) 9 (75) 4 (66.7) 19
(79.2)

66-75 0 2(16.7) 2 (33.3) 4
(16.7)

>75 0 1(8.3) 0 1
4.2)

Table 2. Dose limiting adverse Events Possibly Related to Veliparib alone or of the combination with TMZ
or TMZ/RT
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Dosing Schedule

Adverse event, Veliparib 10 mg  Veliparib 10 mg

MedDRA 14.1 BID + TMZ, n BID+ TMZ +RT, n
(%) (%)

Any adverse event 3 (50) 5(41.7)

Blood and

Lymphatic Systemic

Disorders

Anemia 0 1(8.3)

Febrile neutropenia 0 1(8.3)

Neutropenia 0 1(8.3)

Pancytopenia 0 0

Thrombocytopenia 1(16.7) 4(33.3)

Subjects with = 1 1(16.7) 4 (33.3)

AE

Veliparib 10 mg BID,
alternate weeks, + TMZ +
RT, n (%)

3 (50)

1(16.7)
1(16.7)
2 (33.3)

3 (50)

Total,
n (%)

11
(45.8)

1
(4.2)

.
4.2)

2
(8.3)

1
(4.2)

7
(29.2)

9
(37.5)

Abbreviations: NCI CTCAE = National Cancer Institute Common Terminology Criteria for Adverse Events;
MedDRA = Medical Dictionary for Regulatory Activities; AE = adverse event.

Table 3. Pharmacokintic measurements.
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Single dose Steady-state
10 mg Veliparib 10 mg BID Veliparib
No. of patients 16 18
Cein (ng/mL) 25+13 184+10.4
Cmax (Ng/mL) 50.3119.0 66.1 + 28.7
t1,22 (h) 58+09 Not applicable
AUC (ng-h/mL) 370+ 126 425+ 181
CL/F (L/h) 27.0+9.2 23.5+10.4
Accumulation (%)  Not applicable 56+33

Abbreviations: a Cmin, minimum drug concentration in plasma; Cmax, maximum drug concentration i
plasma; t1/2, apparent terminal phase half-life; AUC, area under the plasmaconcentration-time curve to
infinity (single dose) or for a 12 h dosing interval (steady-state); CL/F, apparent oral clearance per hour.

Figures
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Pharmacokinetics of Veliparib
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Figure 1

Steady state peak and tough veliparib concentration for each patients getting concurrent veliparib and
temoazolomide (6 pts) ,Veliparib/ TMZ/RT (12 pts) ; and every other week veliparib TMZ/RT (samples
available for 2 of 6 patients).
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