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Abstract

Purpose—\eliparib (V), an oral PARP inhibitor, potentiates effects of alkylating agents and
topoisomerase inhibitors in preclinical tumor models. We conducted a phase I trial of V with iv
cyclophosphamide (C) and V plus iv doxorubicin (A) and C.

Methods—Objectives were to establish the maximum tolerated dose (MTD) of the combinations,
characterize V pharmacokinetics (PK) in the presence and absence of C, measure PAR in
peripheral blood mononuclear cells (PBMCs) and yH2AX in circulating tumor cells (CTCs).

In Group 1, dose escalations of V from 10 to 50 mg every 12 h Days 1-4 plus C 450 to 750 mg/m?
Day 3 in 21-day cycles were evaluated. In Group 2, V doses ranged from 50 to 150 mg every 12 h
Days 1-4 with AC (60/600 mg/m?) Day 3 in 21-day cycles. In Group 3, patients received AC Day
1 plus V Days 1-7, and in Group 4, AC Day 1 plus V Days 1-14 was given in 21-day cycles to
evaluate effects on yH2AX foci.

Results—Eighty patients were enrolled. MTD was not reached for V and C. MTD for Group
2V 100 mg Days 1-4 with AC Day 3 every 21 days. V PK appears to be dose-dependent and
has no effect on the PK of C. Overall, neutropenia and anemia were the most common adverse
events. Objective response in V and AC treated groups was 22% (11/49). Overall clinical benefit
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rate was 31% (25/80). PAR decreased in PBMCs. Percentage of yH2AX-positive CTCs increased
after treatment with V and AC.
Conclusion—V and AC can be safely combined. Activity was observed in patients with

metastatic breast cancer.
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INTRODUCTION

Poly(ADP-ribose) polymerases (PARP) are essential nuclear enzymes that play an integral
role in the recognition of DNA damage and facilitation of DNA repair.[1] Inhibition of
PARP interferes with the repair of DNA damage, resulting in less efficient DNA repair
following DNA-damaging insults.[2] Several PARP inhibitors are FDA approved in the
treatment of breast and ovarian cancer. \eliparib is a potent, oral inhibitor of PARP-1 and
PARP-2.[3] In preclinical tumor models,veliparib potentiated the effects of several clinically
effective DNA-damaging agents, including cyclophosphamide, temozolomide, topotecan,
irinotecan, and platinums.[4] In a MX-1 BRCA1 deficient breast cancer model, the
combination of cyclophosphamide at 12.5 mg/kg/day on days 20, 14, and 27 and veliparib
25 mg/kg/day resulted in tumor regression whereas single-agent cyclophosphamide, only
delayed tumor growth slightly.

This formed the basis of this phase | study which sought to evaluate the role of veliparib
as a chemopotentiator when combined with cyclophosphamide. The use of veliparib for
chemopotentiation has been evaluated in several clinical trials to date.[5-7] Given the
efficacy of anthracyclines in the treatment of breast cancer, the safety of combining
doxorubicin and cyclophosphamide (AC) with veliparib was undertaken to determine a
recommended phase 1l dose with the goal of potential incorporation into future adjuvant
or neoadjuvant regimens. The primary objective of this trial was to establish the maximum
tolerated dose (MTD) of veliparib with cyclophosphamide and veliparib combined with
AC. Secondary objectives were to characterize the pharmacokinetics (PK) of veliparib

and cyclophosphamide, alone and in combination, and to evaluate PARP activity by
measurement of PAR levels in peripheral blood mononuclear cells (PBMCs). In the
metastatic breast cancer patients treated with AC, we studied modulation of chemotherapy-
induced DNA damage and repair by veliparib by measuring yH2AX, (phosphorylated
histone protein), a marker of DNA double-strand breaks, in circulating tumor cells (CTCs)
and tumor.

METHODS

Patient Eligibility
Adult patients were eligible with histologically confirmed metastatic malignancy for which
no standard therapy was available. They were required to have an Eastern Cooperative
Oncology Group Performance Status of < 2, adequate organ function, and evaluable or
measurable disease by RECIST 1.1. Patients enrolled to treatment with AC required a
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pre-treatment ejection fraction = 50% and could not have had prior doxorubicin exposure
of > 300 mg/m2. Only metastatic breast cancer patients were enrolled onto the schedules of
veliparib for 7 days and 14 days with AC (groups 3 and 4).

Eligible patients had adequate bone marrow (absolute neutrophil count > 1,500/mL; platelet
count = 100,000/mL; hemoglobin = 9 g/dL), liver function (total bilirubin within normal
institutional limits; ALT and AST < 2.5x ULN or < 5x with liver metastases, renal function
(serum creatinine within normal institutional limits or = 60 mL/min for with creatinine
levels above institutional normal), and adequate coagulation status (international normalized
ratio or prothrombin time or activated partial thromboplastin time < 1.2x ULN). Previous
anticancer treatment had to be completed at least 4 weeks before study entry. There was

no limit on prior cytotoxic chemotherapy regimens. Medications or substances that were
strong inhibitors or strong inducers of CYP3A4, CYP2B6, CYP2C9, or CYP2C19 were not
allowed. Patients with CNS metastases were also allowed if treated, off steroid treatment for
> 3 months, and asymptomatic. Other exclusion criteria included history of active seizures,
active systemic infections, symptomatic congestive heart failure, and any impairment to
swallow capsules.

Study Design and Treatment Plan

This single-institution phase | study was conducted at Rutgers, Cancer Institute of New
Jersey. The study received approval of the institutional review boards and was conducted in
accordance with the Declaration of Helsinki and Good Clinical Practice. Written informed
consent was obtained from all patients before enrollment onto the study. In group 1, a
standard 3 + 3 design was used with a starting dose of 10 mg veliparib administered once
every 12 hours (h) given Days 1-4 and escalating in varying increments to a maximum dose
of 200 mg, and the starting dose of iv cyclophosphamide was 450 mg/m?, increasing to 750
mg/m2 given on Day 3 on a 21-day cycle. Group 2 was treated with veliparib doses ranging
from 50 to 150 mg every 12 h on Days 1-4 with fixed dosing of AC at 60/600 mg/m?2 on day
3 every 21 days. Further doxorubicin was omitted after a cumulative dose of 420 mg/m? was
reached. Alternate schedules of veliparib combined with AC were explored. To maximize
the rate of DNA damage, we evaluated giving veliparib on the same day as AC and increased
the duration that veliparib was administered. Thus, the schedule for group 3 was AC on Day
1 with veliparib 100 mg every 12 h Days 1-7 and the schedule for group 4 was AC on Day

1 with veliparib 100 mg every 12 h Days 1-14. The goal was to obtain a minimum of 10
patients with = 10 CTCs in the sample drawn on Day 1 to perform our biomarker analysis. A
DLT was defined as any grade 3 or higher clinically significant non-hematologic toxicity and
any grade 4 neutropenia lasting > 7 days, grade 4 neutropenia and fever of > 38.5°C, = grade
3 neutropenia with = grade 3 infection, or grade 4 thrombocytopenia. MTD was defined as
the dose level in which no more than 2/6 or 1/3 patients experience dose-limiting toxicity
(DLT) and at least 2/3 or 3/6 patients treated with the next higher dose level will have had
DLT.

Study Assessments

Physical exams were performed once every 3 weeks. Hematology and chemistry were
obtained weekly during the first 9 weeks and then once every 3 weeks thereafter. Laboratory
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assessments at baseline included a complete blood count with differential (CBC with diff),
general chemistry panel, prothrombin time, activated partial thromboplastin time, INR, and
urinalysis. A CBC with diff and chemistry panel were collected weekly during the first three
cycles. Electrocardiograms were obtained at baseline and Day 1 of each cycle. For patients
receiving doxorubicin, an echo or MUGA was obtained every 9 weeks. Adverse events were
graded according to the NCI CTCAE (version 4.0). All solid tumor patients underwent CT
scanning at baseline and every 9 weeks for evaluation of efficacy based on RECIST version
1.1.[8] Response in NHL was assessed based on the revised International Working Group
Response Criteria for NHL.[9]

Pharmacokinetics and Pharmacodynamics Assessments

Blood samples for PK assessments were collected only in groups 1 and 2 during cycle 1
and 2 at multiple time points up to 24 h after administration of the C2D1 veliparib dose.
Venous blood samples of 4 ml each for analysis of veliparib plasma concentrations, were
collected at the following time points: Cycle 1 Day 1, pre-dose, 30 minutes, 1, 1.5, 2, 3, 4,
6, 7-8, and 24 hours after administration (before the third dose of ABT-888); Cycle 1 Day
3, pre-dose, 30 minutes, 1, 1.5, 2, 3, 4, 6,7-8, and 24 hours after administration (before the
seventh dose of veliparib); and Cycle 2 Day 1, pre-dose, 30 minutes, 1, 1.5, 2, 3, 4, 6,7-8,
and 24 hours after administration (before the third dose of veliparib). Venous blood samples
of 5 mL each for analysis of cyclophosphamide plasma concentrations, were collected at
the following times: Cycle 1 Day 3, pre-dose (before ingestion of veliparib and start of
cyclophosphamide infusion), 0.5, 1 (end of infusion), 1.5, 2, 3, 4, 6, 7-8, and 24 hours

after the start of cyclophosphamide infusion. The effect of cyclophosphamide in group 1

or cyclophosphamide and doxorubicin in group 2 on veliparib PK was examined by the
comparison of Cp,x and AUC and tested by comparing these exposure parameters of Cycle
1 Day 1 with Cycle 1 Day 3 and Cycle 2 Day 1 using Wilcoxon signed-rank tests. The
predicted steady-state Cycle 1 Day 1 Cpx Was tested against the observed Cycle 1 Day 3
Cmax and predicted steady-state Cycle 2 Day 1 Cyax and the Cycle 1 Day 1 AUCq._jnf tested
against the Cycle 1 Day 3 AUC(_1» and Cycle 2 Day 1 AUC.jns. The predicted steady-state
Cmax Of Cycle 1 Day 1 and Cycle 2 Day 1 were calculated by multiplying the observed Cpax
by the theoretical accumulation ratio that was determined using the observed patient and day
specific elimination rate and a 12-hour dosing interval.

Plasma concentrations of cyclophosphamide and its metabolite, 4-OH cyclophosphamide,
were determined by liquid chromatography-mass spectrometry (LC-MS)[10] and were
estimated using noncompartmental analysis using WinNonlin 2.1 software (Pharsight Corp,
Palo Alto, CA). Veliparib PK was quantitated with a previously validated LC-MS assay[11]
and determined non-compartmentally using PK Solutions 2.0 (Summit Research Services,
Montrose, CO). Poly(ADP-ribose) (PAR), a product of PARP, was measured in PBMCs in
groups 1 and 2 using a validated immunoassay.[12]

Levels of yH2AX were measured in CTCs from groups 3 and 4 with standard operating
procedures previously described for the validated immunofluorescence assay.[13] PBMC
samples for PAR analysis were collected in 15 mL tubes of the first two cycles over a
24-hour period, at the following time points: Day 1 pre-dose, and Day 3 pre-dose (before
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start of cyclophosphamide infusion), 2, 4, at 6 or 7, and 24 hours after the start of
cyclophosphamide infusion. CTC samples for yH2AX analysis were collected in 10 mL
CellSave tubes during cycle 1 on days 1, 2, 7, and 14 for Groups 3 and 4 before dosing
with veliparib. If there was detectable yH2AX in CTCs by day 7, then the sample on day
14 was not collected. The Cell Search® System (Veridex, LLC) was used to enumerate
CTCs. In Groups 3 and 4, patients that had disease that could be safely biopsied, had tumor
tissue collected before the start of treatment and then on Cycle 1 Day 2 +/- 24 hours, after
administration of chemotherapy, for yH2AX analysis.

Statistical Analysis

Descriptive statistics were used for baseline characteristics, safety assessments, PK
parameters, and tumor response. Wilcoxon signed rank test was used for the comparison

of changes from baseline for CTCs, yH2AX positive CTCs, and percentage of yH2AX
positive CTCs (%). Wilcoxon two-sample test was used for comparison of group difference
on the change from baseline. Logistic regression model was used for analysis of the
parameters vs response and BRCA status.

RESULTS

Patient Characteristics

A total of 80 patients were enrolled between August 2008 and April 2014. Patient
demographics are listed in Table 1. Breast cancer was the most frequent tumor type (74%).
Most patients had an ECOG of 1 (68%). All patients were pretreated with 68% having
received 3 or more prior lines of systemic treatment.

Safety and Tolerability

In group 1, the starting doses were 10 mg veliparib every 12 h on Days 1-4 and 450 mg/m?
cyclophosphamide Day 3 in a 21-day cycle. At dose levels 1-3, cyclophosphamide remained
constant with veliparib escalating to 10, 20 and 50 mg. No DLTs were observed at the first
two dose levels (Table 2). At the 50/450 dosing, a DLT of grade 2 thrombocytopenia that
caused a delay of >2 weeks in starting cycle 2 occurred in a Non-Hodgkin’s lymphoma
patient. An additional three patients were enrolled, and none had DLTs, so that among

the six patients treated at dose level 3 there was one DLT. The dose escalation continued
with veliparib remining constant at 50 mg and cyclophosphamide escalated to 600 and 750
mg/m? for dose levels 4 and 5, respectively, and no DLTs were observed during the first
cycle. In further dose escalations at dose levels 6, 7 and 8, cyclophosphamide remained
constant at 750 mg/m? and veliparib was escalated to 100, 150 and 200 mg. At dose level

6, in which patients were treated with 100 mg veliparib and 750 mg/m? cyclophosphamide,
two patients experienced grade 3 and grade 4 neutropenia requiring a dose reduction of
cyclophosphamide, but they did not meet the strict definition for DLT. To gain additional
safety data, an additional three patients were intended to enroll for a total of six patients,
but one was not evaluable, and had to be replaced which resulted in a total enrollment

of seven patients. There were no observed DLTs. Three patients each were enrolled onto
150/750 and 200/750 with no patients experiencing a DLT. While an MTD was not formally
defined for this combination, it is notable that two near DLTs of a grade 3 and a grade
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4 neutropenia requiring dose reduction of cyclophosphamide were observed at 100 mg
veliparib and 750 mg/m? cyclophosphamide. Moreover, three patients (two at 150/750 level
and one at 200/750 level) required growth factor support. Thus, the safety of veliparib given
with cyclophosphamide at high doses requires a cautious approach.

Given the interest in using PARP inhibitors in the treatment of breast cancer, and
potentially in the adjuvant or neoadjuvant setting, doxorubicin added to veliparib and
cyclophosphamide was evaluated (Group 2). Veliparib doses ranged from 50 mg to 100

mg to 150 mg every 12 h on Days 1-4 with fixed dosing of AC (60/600 mg/mZ2) on day 3
every 21 days. Two instances of grade 3 febrile neutropenia were considered dose-limiting
at the 150 mg veliparib dose level. The MTD or recommended phase 11 dose of veliparib
was declared at the previous dose level 100 mg every 12 h with AC, and this was expanded
to enroll up to a total of 12 patients (one was inevaluable for a total of 13). In group 3, AC
was given on Day 1 with veliparib 100 mg every 12 h Days 1-7 in a 21-day cycle, with

14 patients enrolled, and 10 patients had = 10 CTCs in Day 1 samples. In group 4, AC

was given on Day 1 with veliparib 100 mg every 12 h, Days 1-14 (given longer vs group

3) in a 21-day cycle, with 13 patients enrolled, and only 6 patients had = 10 CTCs in Day

1 samples. The most-common treatment related adverse events were hematologic in nature
in each group (Table 3). Across the whole trial, 28% (n=22) patients were given growth
factor support after cycle 1. Overall, 23 patients required a dose reduction of veliparib, and 3
patients had a dose reduction of cyclophosphamide. There was higher incidence of grades 3
and 4 hematologic toxicity with increasing the duration of veliparib to 7 days and 14 days.

Pharmacokinetics and Pharmacodynamics

Veliparib administered alone exhibited approximately dose-proportional increases in Cpax
and AUC_7 in the explored 50 to 200 mg dose range (Figs 1A and 1B for C1D1; online only
supplementary information Table S1 and Fig S1 for C2D1). Veliparib Cyax Was comparable,
but AUCy_7 was significantly higher on C1D3 when veliparib was administered with either
combination therapy compared to C1D1 when veliparib was administered alone (Figs 1C
and 1D). Apparent clearance, volume of distribution and half-life of veliparib in this study
were consistent with those reported previously.[5] Cyclophosphamide administered iv at
450 mg/m? and 750 mg/m?2 was not influenced by veliparib orally. The PK parameters of
cyclophosphamide following iv infusion were also consistent with previous reports (online
only supplementary information Fig S2).[10]

Mean PAR levels in PBMCs over the first 72 hours during cycle 1 are shown in Fig 2A. Of
the fifty patients in groups 1 and 2 with quantifiable PAR, 40 were considered evaluable with
PBMCs available at 4 hours post-dosing of veliparib on Day 3, and 27 (68%) had over 75%
reduction in PAR across all dose levels. Cyclophosphamide did not seem to alter the ability
of veliparib to inhibit PARP, because after addition of cyclophosphamide, PAR levels do not
return to baseline. Total CTCs and the number of yH2AX-positive CTCs were measured

in samples from 27 breast cancer patients at baseline and after treatment with veliparib and
AC during cycle 1 (Fig 2B). There was a significant decrease in CTCs with groups 3 and 4
combined from Day 1 to Day 7 (p =0.0007) and from Day 1 to Day 14 (p =0.0009). Also,
there was a significant increase in the percentage of yH2AX-positive CTCs in groups 3 and
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4 combined from Day 1 to Day 7 (p =0.016) and from Day 1 to Day 14 (p =0.0006) (Fig
2C). The percentage of yH2AX-positive CTCs increased to = 50% by Day 7 in 59% (16/27)
of patients and persisted to day 14 in 10 patients. There was no association between clinical
benefit or BRCA status with the change in CTCs, number of yH2AX-positive CTCs, or
percentage of yH2AX-positive CTCs. Paired tumor biopsies from 10 patients were analyzed
for yH2AX. Only 6 paired samples yielded enough tissue for evaluating nuclear yH2AX
(online only supplementary information Fig S3). In 4 paired samples, the yH2AX nuclear
area positive score (%NAP), increased after treatment with veliparib and AC, with increases
in NAP scores from <5% at baseline to 5.2%, 10.96%, 3.23%, (representative yH2AX
staining in tumor biopsies shown in Fig 2D) and 4.5%, with stable disease (SD), progressive
disease, and partial response (PR) as the response, respectively. Response could not be
assessed in the fourth patient.

Treatment Efficacy

Complete response was not achieved by any patients (Table 4). In group 1, a metastatic
prostate cancer patient with liver metastases had a PR treated at dose level 4 and 4/31 (10%)
had SD lasting = 3 months, for an overall clinical benefit rate (CBR) of 13%. In group 2,
none of the four non-breast cancer patients showed response and of the 18 metastatic breast
cancer patients, four had a PR and 5 patients experienced SD =3 months. The CBR was 41%
in group 2. The four PRs had triple-negative breast cancer and three had a BRCA mutation,
with response durations in the range of 5 to 25 months. In groups 3 and 4, of 27 evaluable
patients, seven had PRs and five had SD (range 3 to 21 months). The longest responder

was a BRCAZ carrier with a hormone receptor-positive, HER2-negative breast cancer with
a PR for 21 months in group 3. Another BRCAZ carrier with hormone receptor-positive,
HER2-negative breast cancer had SD for 21 months treated in group 4. Among the 59
metastatic breast cancer patients treated, 5 patients with a BRCA1/2 mutation were noted to
have PRs. However, BRCA germline status was not known for all subjects.

DISCUSSION

This phase | trial evaluated the tolerability, safety, and PK of veliparib in combination

with iv cyclophosphamide in patients with advanced solid tumors and subsequently tested
veliparib with AC in metastatic breast cancer. This study was conducted on the basis of
preclinical work that veliparib potentiates the activity of cyclophosphamide in a breast
cancer xenograft model.[4] Veliparib in combination with iv cyclophosphamide had an
acceptable safety profile, which allowed dose escalation to dose level 8, the highest planned
dose. MTD was not reached using a 3 + 3 design, but myelotoxicity was observed with this
regimen necessitating dose reductions of cyclophosphamide or veliparib and use of growth
factor support in some patients.

Variability exists with how veliparib is dosed when partnered with chemotherapy in regard
to its administration frequency, duration, and timing relative to chemotherapy as shown

in several phase | combination studies. In our trial, for groups 1 and 2, veliparib was
dosed twice daily prior to, during and after chemotherapy to maximize the potential
synergy of PARP inhibitor and the DNA-damaging effects from cyclophosphamide. With
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this schedule, there was rapid and sustained inhibition of PAR in PBMCs. This was one

of the earlier trials conducted with veliparib, and at the time the study was written, it was
important to demonstrate that veliparib significantly reduced PAR levels, indicating that

the drug was hitting its therapeutic target. At the time this study was developed, little was
known about any veliparib drug-drug interactions. We were concerned about the potential
for coadministration of cyclophosphamide to increase veliparib metabolism due to the
potential of CYP450 enzyme induction by cyclophosphamide. Additionally, incubations of
veliparib with recombinant cytochrome P450s suggested potential involvement of CYP1A1,
2D6, 2C19, and 3A4. Our study showed that coadministration of cyclophosphamide
minimally increased veliparib AUC but did not significantly affect Cpax in group 1.

Similar observations in group 2 makes it unlikely that doxorubicin independently influenced
observed differences in AUC. Veliparib is primarily metabolized by CYP2D6 and only
partially by CYP1A2, 2C19 and 3A4.[14] The overlap in CYP3A4 substrate specificity
with cyclophosphamide could explain the observed increase in exposure on C1D3 when
co-administered with veliparib.[15] There was a statistical difference between C1D1 and
C1D3 veliparib AUC, that may be explained by the accumulation in veliparib exposure after
the repeated twice-daily dosing difference and it is not indicative that cyclophosphamide

or doxorubicin influenced the PK of veliparib. PKs parameters on all analyzed days were
consistent with previous reports of veliparib exposure across the entire dose range of this
study.[5,16,17] These studies, as well as a single-agent population PK model, were also

in agreement with the observed apparent clearance, apparent volume of distribution, and
half-life.[18] Drug exposure (AUC) of veliparib showed linearity with dose, which is similar
to previous reports of veliparib PK across the doses studied in this trial.[5,19,7] Additionally,
veliparib did not alter the pharmacokinetics of cyclophosphamide.

Our trial is the only one that evaluated veliparib combined with iv cyclophosphamide, and
the highest dose of veliparib reached was 200 mg every 12 h. Other trials have tested
once-daily dosing of veliparib with low metronomic-dose oral cyclophosphamide.[5,20,21]
Anampa et al. conducted a phase | study in metastatic breast cancer patients with twice a day
dosing of veliparib, as in our study, and was able to define a recommended phase Il dose of
veliparib 200 mg BID and cyclophosphamide 125 mg po daily in 21-day cycles, with nausea
and headache being DLTs.[22] Similar to our phase I trial, myelosuppression was reported
and clinical benefit (19.2%) was observed with oral cyclophosphamide.

To our knowledge, this is the first clinical trial to evaluate the combination of a PARP
inhibitor with AC in breast cancer. Febrile neutropenia was dose-limiting. The recommended
phase 11 dose was established at veliparib 100 mg every 12 h Days 1-4 with AC at 60/600
mg/m? on Day 3 every 21 days. Dose reductions of veliparib occurred in groups 3 and 4 as
well as use of growth factor support.

The analysis of a pharmacodynamic biomarker was an important endpoint in groups 3

and 4 and the feasibility of performing it in CTCs at our institution was tested. \We were
able to evaluate modulation of DNA damage by veliparib (when given longer than 4 days)
and AC by measuring yH2AX foci, a phosphorylated histone protein and marker of DNA
double-strand breaks, in CTCs. We did observe decreases in total CTCs in most patients
treated with the combination of veliparib and AC and consistent increases in the percentage
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of yH2AX-positive CTCs, which indicated the drug effect in the blood. Other phase |
studies of veliparib with alkylating agents or topoisomerase inhibitors have reported similar
pharmacodynamic results, proving that modulation of DNA damage can be achieved with
the combination.[5,6]

In the clinical safety evaluation, drug-related adverse events were surprisingly limited. The
results of a favorable safety profile may be related to infrequent clinical examinations which
occurred every 3 weeks. Incorporation of a weekly targeted physical exam during the initial
cycles may have captured a more comprehensive picture of the toxicity profile of these
combinations.

In summary, the combination of veliparib with iv cyclophosphamide and veliparib plus AC
is associated with enhanced myelosuppression and reductions of treatment doses, like other
phase | studies combining PARP inhibitors and DNA-damaging agents. This regimen also
showed some anti-tumor activity in metastatic breast cancer patients. We provided proof of
concept of pharmacodynamic modulation of PARP by veliparib via measurement of PAR
levels and -yH2AX-positive CTCs. Though the combination of veliparib and AC seemed
tolerable, it is likely challenging to incorporate this three-drug regimen as treatment for
early-stage breast cancer given the hematologic toxicities. This data adds to the already
growing body of literature of the potential therapeutic synergy of PARP inhibitors and
DNA-damaging chemotherapy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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was increased after veliparib and AC treatment in a breast cancer patient who achieved a PR.
Representative yH2AX signal in green (right)
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Patient Demographics and Clinical Characteristics

TABLE 1.

Characteristic | No. of Patients | %
No. of patients treated | 80 |
Median age, years (range) | 61 (40-88) |
Gender
Female 71 89
Male 9 11
ECOG Performance Status
0 18 23
1 54 68
2 8 10
Median no. prior systemic treatments (range) 3(1-5)
Tumor type
Breast 59 74
Ovary 9 11
Prostate 2 3
Colon 2 3
Blood (angioimmunoblastic T-cell NHL) 1 1
Rectum 1 1
Bladder 1 1
Ampulla of vater 1 1
Appendiceal 1 1
Parotid gland 1 1
Testes 1 1
Lung 1 1

Abbreviation: ECOG, Eastern Cooperative Oncology Group.
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