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Abstract

Background Veliparib (ABT-888) is an oral PARP inhibi-
tor expected to increase gemcitabine activity. This phase I
determined the maximal tolerable dose (MTD), dose-limit-
ing toxicities (DLT), antitumor activity, pharmacokinetics
(PK), and pharmacodynamics (PD) of veliparib combined
with gemcitabine.

Methods Patients with advanced solid tumors received
veliparib (10-40-mg PO BID) on chemotherapy weeks
with gemcitabine 500-750-mg/m? IV on days 1, 8, and 15
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(28-day cycle), or on days 1 and 8 (21-day cycle). The MTD,
DLT, adverse events, PK, and PD were evaluated.

Results  Eleven patients were enrolled on the 28-day sched-
ule. The 28-day schedule was considered intolerable and
amended to a 21-day schedule, with 20 patients enrolled.
Grade > 3 adverse events were myelosuppression-related.
The MTD was determined to be 750-mg/m? gemcitabine IV
on days 1 and 8- and 20-mg PO veliparib BID days 1-14 on
a 21-day schedule. Of 27 patients evaluable for response, 3
had PR and 15 had SD. There was no evidence of any major
drug—drug interaction, and PK parameter values for veli-
parib, gemcitabine, and dFdU were as expected. Analysis
of PBMCs showed evidence of PARP inhibition and DNA
damage associated with therapy.
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Conclusions Gemcitabine at 750-mg/m? IV on days 1 and
8 combined with veliparib at a dose of 20-mg PO BID days
1-14 on a 21-day schedule is relatively well-tolerated, with
manageable, expected toxicities. Clinical responses were
observed in a pretreated population of patients, suggest-
ing that this combination should be further evaluated in the
phase II setting.

Keywords Gemcitabine - Veliparib - Phase I -
Pharmacokinetics - Pharmacodynamics - Solid tumors -
PARP - DNA damage

Introduction

Gemcitabine is a deoxycytidine nucleoside analog that is
FDA-approved for a wide range of solid tumors, including
pancreatic, non-small cell lung, ovarian, and breast cancer.
As a result of its clinical activity and manageable safety
profile, it has been investigated in combination with new
cytotoxic and/or biologic therapies for the treatment of sev-
eral solid tumors [1]. Gemcitabine exhibits cell-phase speci-
ficity, primarily killing cells in S-phase and inhibiting pro-
gression through G1/S-phase. Gemcitabine is metabolized
intracellularly by deoxycytidine kinase to the monophos-
phate (lFACMP) metabolite and then by other kinases to the
active diphosphate (dFdCDP) and triphosphate (dFdCTP)
nucleotides. Gemcitabine cytotoxicity is attributed to a

Cancer Therapeutics Program, University of Pittsburgh
Cancer Institute, Hillman Research Pavilion, Room G27E,
5117 Centre Avenue, Pittsburgh, PA 15213-1863, USA

Division of Hematology/Oncology, Department of Medicine,
School of Medicine, University of Pittsburgh, Pittsburgh,
PA, USA

Biostatistics Facility, University of Pittsburgh Cancer
Institute, Pittsburgh, PA, USA

Penn State Cancer Institute, Penn State College of Medicine,
Hershey, PA, USA

Biostatistics Department, Graduate School of Public Health,
University of Pittsburgh, Pittsburgh, PA, USA

Department of Medical Oncology, University General
Hospital of Heraklion, Heraklion, Greece

Department of Pharmacology and Chemical Biology,
University of Pittsburgh School of Medicine, Pittsburgh, PA,
USA

Department of Pharmacology and Therapeutics, Roswell
Park Cancer Institute, Buffalo, NY, USA

Investigational Drug Branch, Cancer Therapy Evaluation
Program, Division of Cancer Treatment and Diagnosis,
National Cancer Institute, Bethesda, MD, USA

Department of Pharmaceutical Sciences, School
of Pharmacy, Pittsburgh, PA, USA

@ Springer

combination of the biological activities of the diphosphate
and triphosphate metabolites, respectively, leading to inhi-
bition of DNA synthesis. dFdCDP inhibits ribonucleotide
reductase, which is responsible for catalyzing the genera-
tion of deoxynucleoside triphosphates (ANTPs) for DNA
synthesis. Inhibition of this enzyme by dFdCDP reduces
intracellular deoxynucleotide concentrations, including
dCTP. dFdCTP competes with dCTP for incorporation into
cellular DNA. Reduction of dCTP intracellular concentra-
tion, by the action of dFdCDP, enhances DNA incorporation
of dFACTP. Once dFACTP is incorporated, one additional
nucleotide is added to the DNA, after which DNA synthe-
sis stops. DNA polymerase epsilon is unable to remove the
gemcitabine nucleotide and repair the growing DNA strands
(masked chain termination) [2—4]. There is evidence that
gemcitabine causes DNA damage including double-strand
breaks, which contributes to its cytotoxicity [5—7]. Once
incorporated, gemcitabine causes topoisomerase I trap-
ping and formation of topoisomerase [-DNA-gemcitabine
cleavage complexes, which can be repaired by the action
of poly(adenosine diphosphate [ADP]-ribose) (PAR) poly-
merase (PARP)-1 and -2 [8, 9]. Therefore, the inhibition of
PARP-1 and -2 by veliparib (ABT-888) could prevent the
reversal of topoisomerase I-DNA—gemcitabine complexes
and enhance gemcitabine cytotoxicity. Another mechanism
for repair of these topoisomerase I-DNA cleavage com-
plexes involves tyrosyl-DNA phosphodiesterase 1 (TDP1)
that removes topoisomerase I from the 3’ terminus of DNA
[8]. This repair causes a single-strand break that needs to be
processed by base excision repair (BER). Given the major
role of PARP in BER, this represents another mechanism
by which veliparib could increase gemcitabine cytotoxicity.
Indeed, there is evidence that BER and more specifically,
apurinic/apyrimidinic endonuclease (APE) are actively
involved in repairing gemcitabine-related DNA damage.
Studies have shown a 100-fold enhancement of gemcit-
abine cytotoxicity by an APE antisense molecule in PANC-1
cells [10]. Enhancement of gemcitabine antitumor effects
by PARP inhibition with 3-aminobenzamide in pancreatic
cancer models has been reported in both in vitro and in vivo
murine xenograft models [11].

Elevated PARP levels in cancer cells compared to normal
cells correlates with drug resistance and with an increased
overall ability of cancer cells to survive genotoxic stress
[12]. Veliparib is an inhibitor of PARP-1 and -2 with good
oral bioavailability [13]. In mouse models of melanoma,
glioma, and breast cancer, veliparib enhanced the cytotoxic
effects of several chemotherapeutic agents (temozolomide,
cisplatin, carboplatin, and cyclophosphamide) [14].

Taken together, these pre-clinical results formed the
scientific rationale to support the hypothesis that veliparib
might be able to potentiate the cytotoxic effects of gem-
citabine in several malignancies, where gemcitabine is
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clinically active. Herein, we report an NCI-CTEP sponsored
phase I trial (NCI 8324) combining gemcitabine with veli-
parib, with primary endpoints of identifying the maximum
tolerated dose (MTD) and associated dose-limiting toxicities
(DLTs). Secondary objectives were to establish the safety
and tolerability of the combination, to determine the PK
and PD of veliparib and gemcitabine when administered in
combination, and to document preliminary clinical efficacy.

Methods
Patient selection

Study eligibility required patients with histologically doc-
umented solid tumors, progressed on standard therapy or
without acceptable standard therapeutic options. Patients
had to be >18 years, provide written informed consent, have
an ECOG PS <2, and have a life expectancy of >3 months.
Eligibility required adequate marrow, renal, and hepatic
function, and a washout period of 4 weeks (6 weeks for
mitomycin C or nitrosoureas).

Treatment plan

This was a multicenter, NCI-CTEP-sponsored trial per-
formed at the University of Pittsburgh Cancer Institute and
UPMC Hillman Cancer Center, Pittsburgh, Pennsylvania
and at the Penn State Cancer Institute, Hershey, Penn-
sylvania, registered under ClinicalTrials.gov Identifier:
NCTO01154426.

Veliparib was initially administered orally 10-mg BID
on days 1 through 21 of a 28-day cycle with a 1-week rest.
Gemcitabine was administered as a 30-min infusion weekly
for 3 weeks at 750 or 500 mg/m? on dose levels (DL) 1 and
—1, respectively, followed by a 1-week rest. For cycle 1 only,

veliparib was planned for administration at the start of the
gemcitabine infusion (days 1, 8, and 15). Because of signifi-
cant myelosuppression associated with this 28-day schedule,
we subsequently modified the schedule to a 21-day cycle
with 14 days of therapy followed by a 1-week rest. Table 1
presents the dosing schema, where doses of veliparib were
20-, 20-, or 40-mg veliparib BID with gemcitabine weekly
for 2 weeks at 500, 750, or 750 mg/m2 on DL 1, 2, and 3,
respectively.

During cycle 1, veliparib was also dosed on days —2 and
—1 to allow PK and PD studies.

After achieving the first two DLTs at one DL, all subse-
quent patients without a known BRCA mutation were to be
screened with the BRCAPRO computer program to assess
the likelihood of having a BRCA mutation [15]. Patients
with a BRCAPRO likelihood >20% of having a BRCA
mutation were counseled and referred for BRCA testing.
Dose escalation on the 28-day schedule was to be split into
two cohorts (BRCA mutant versus BRCA wild type), with
each cohort having a separate dose modification schema, to
determine whether or not BRCA status influenced toxicity.
This was done to address the concern that BRCA-mutated
patients might be at increased risk of toxicity with the com-
bination of a PARP inhibitor and a chemotherapeutic agent.

The study was approved by the respective institutional
review boards and ethics committees, and patient accrual
was initiated in May 2010.

Safety assessments

Safety evaluations were conducted at baseline and weekly
thereafter. Patients were evaluated with a medical history
and physical examination and a laboratory panel includ-
ing a complete blood count and serum chemistries, which
included hepatic and renal function tests. On the ‘oft” week,
laboratory blood work was repeated. Adverse events were

Table 1 Dose-limiting

L Dose level Veliparib Gemcitabine (mg/mz) Enrolled Evaluable DLT
toxicities (mg BID) DLT
28-day schedule
1 10 750 QW x 3 3 2 G3 thrombocytopenia®
G3 neutropenia®
-1 10 500 QW x 3 8 8 G3 neutropenia®
G3 nausea/vomiting
G3 neutropenia®
21-day schedule
1 20 500 QW x 2 3 3
2 20 750 QW x 2 14 12 G3 neutropenia®
G3 neutropenia®
3 40 750 QW x 2 3 3 G3 neutropenia®

G2 neutropenia®

 Resulting in inability to deliver gemcitabine
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assessed weekly and graded according to the Common Ter-
minology Criteria for Adverse Events (version 4.0).

This phase I trial followed a standard 3 + 3 design [16].
Dose escalation was allowed when no DLT was observed in
three patients or when no more than 1 DLT was observed
in six patients. If a dose was held in cycle 1 because of
a non-drug-related event, the patient was unevaluable for
DLT and was replaced. The maximum tolerable dose (MTD)
was the highest dose level at which no more than one of
six patients experienced dose-limiting toxicities (DLT). The
MTD was determined by drug-related DLTSs occurring dur-
ing cycle 1 only. DLT definition included any grade 4 or
higher hematologic toxicity and grade 3 febrile neutropenia
and any grade 3 or higher non-hematologic toxicity with the
following clarifications: grade 3 diarrhea only when refrac-
tory to supportive care; grade 3 nausea and vomiting or rise
in creatinine only if unable to correct to grade < 1 within
24 h; and grade 3 metabolic toxicities only if unable to cor-
rect to grade < 2 within 24 h. A delay in starting cycle 2 by
more than 2 weeks due to toxicity, regardless of attribution
or grade, was considered a DLT. Inability to deliver cycle
1 day 8 or 15 gemcitabine was also considered a DLT.

Once the MTD was established, this cohort was expanded
to a total of 12 patients to further characterize the toxicities
associated with that particular dose level and to allow addi-
tional PK and PD studies. Data were collected, entered into
Theradex, and analyzed by the authors.

Tumor response assessment

Although measureable disease was not an eligibility crite-
rion for accrual on this trial, wherever possible, tumor meas-
urements were taken pre-treatment and repeated every two
cycles. Responses were graded according to the Response
Evaluation Criteria in Solid Tumors (RECIST) 1.0 [17].
Where appropriate, disease evaluation with cancer antigen
125 (CA-125) was assessed according to Gynecologic Can-
cer Intergroup criteria (GCIG) [18]. Only those patients who
had measurable disease present at baseline, received at least
one cycle of therapy, and had their disease re-evaluated were
considered evaluable for response.

PK and PD

PK and PD studies were performed during cycle 1, as
described in Supplementary Methods.

Ascites case
A patient with metastatic adenocarcinoma of the pancreas

and ascites enrolled on this trial and was studied for PK and
PD of his ascites, as described in Supplementary Methods.

@ Springer

Cytidine deaminase activity

Cytidine deaminase (CDA) enzymatic activity was deter-
mined in plasma at pre-treatment and on day 1 1.5-h post-
veliparib, as described in Supplementary Methods.

Statistical analysis

SAS software (version 9.4) was used to analyze demo-
graphic, adverse events, and efficacy data. Patients enrolled
but who were not administered any treatment were excluded
from all analyses. Patients who received any study treat-
ment were evaluable for toxicities. Adverse events that were
possibly, probably, or definitely related to treatment were
considered.

For PK and PD data, Jonckheere—Terpstra and Wilcox
signed rank tests were performed with IBM SPSS Statistics
version 22 (Armonk, New York).

Results
Patients

Eleven patients were enrolled on the 28-day schedule and 20
patients on the 21-day schedule, with baseline characteris-
tics, as presented in Suppl. Table 1. The median age of the
patients was 57 years (range 39-73), patients had good per-
formance status (84% ECOG < 1), and predominant cancer
types being lung (29%), breast (26%), and pancreas (19%).
The majority of patients had received one or two lines of
previous therapy.
A total of 187 cycles were administered.

DLTs and MTD

On the 28-day schedule, 10 of the 11 patients enrolled were
evaluable for DLT, with one patient hospitalized during
cycle 1 for an unrelated pulmonary embolism resulting in
inability to continue therapy. Three patients were treated
at DL 1. Two of the first three patients were evaluable for
DLT and experienced DLTs (grade 3 thrombocytopenia and
grade 3 neutropenia; both patients were not able to receive
day 15 gemcitabine) (Table 1). One of these two patients
had BRCA-mutated ovarian cancer. The BRCA status of the
other patient was unknown. In view of these results, as per
protocol, cohorts were then split based upon BRCA status.
Dosage was decreased to DL-1. At this dose level, one of the
first three BRCAPRO negative patients experienced a DLT
(grade 3 neutropenia with inability to deliver day 8 gemcit-
abine). This cohort was then expanded as per study proto-
col. Of the next four BRCAPRO negative evaluable patients,
there was an additional DLT (grade 3 nausea and vomiting)
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suggesting that DL-1 was not clinically tolerable in BRCA-
negative patients. One BRCA-mutated patient was enrolled
at DL-1, and experienced a DLT (grade 3 neutropenia with
inability to deliver day 15 gemcitabine). A reduction in the
gemcitabine dose to less than 500 mg/m? was considered
to result in sub-therapeutic drug exposures, and therefore,
instead of accruing additional patients, we elected to modify
the study protocol.

In the hopes of developing a treatment protocol that
was (a) deliverable, (b) that administered doses of gemcit-
abine thought to be within the therapeutic range, and (c)
that allowed for the investigation of the combination of
gemcitabine and veliparib at multiple dose levels, the pro-
tocol was subsequently amended. Patients with more than
two prior chemotherapeutic regimens were excluded due
to the significant hematologic toxicity observed with the
28-day schedule, and we modified the treatment regimen
to a 21-day schedule (gemcitabine days 1 and 8, veliparib
BID x 14 days). BRCAPRO screening and BRCA testing
were still required, although cohorts were no longer split
based upon BRCA status.

On the 21-day schedule, 18 of the 20 patients enrolled
were evaluable for DLT, with one patient withdrawing con-
sent at the end of cycle 1, and one patient withdrawing for
surgical intervention. Two patients were enrolled with more
than two previous lines of therapy, but they did not expe-
rience DLT in cycle 1. Three patients tolerated treatment
at DL1 without a DLT prompting dose escalation. Three
patients were treated at DL2 without DLT. Two of three
patients treated at DL3 experienced a DLT (grade 3 neutro-
penia and grade 2 neutropenia; both with inability to deliver
day 8 gemcitabine). Three additional patients were treated at
DL2 without DLT. Therefore, DL2 declared the MTD, and
enrollment to this dose level was then expanded. A total of
12 evaluable patients were eventually treated at DL2. There
were two DLTs (both grade 3 neutropenia with inability to
deliver day 8 gemcitabine) in this cohort, thereby confirm-
ing this dose level as the MTD. Of the patients treated at the
MTD, 11 of 12 received at least 2 cycles with one patient
going on to receive 14 cycles of treatment. Of the 18 evalua-
ble patients, 3 were BRCA mutated (1 at each dose level). At
DLI1 and DL2, the BRCA-mutated patients (fallopian tube
cancer and breast cancer, respectively) did not experience a
DLT. At DL3, the BRCA-mutated patient did experience a
DLT, as did a BRCAPRO negative patient.

Adverse event profile

Table 2 lists severe adverse events (grade 3/4) and Suppl.
Table 2 lists common (>5%) adverse events of all grades
incurred in all administered cycles. Of the 31 patients, 23
experienced grade 3/4 toxicities, of which 20 experienced
grade 3/4 toxicities related to myelosuppression. In the

28-day patient cohort (11 patients), gemcitabine (500 mg/m?>
days 1, 8, and 15) in combination with veliparib (10-mg BID
days 1-21) was not clinically tolerable with DLTs noted in 2
of 7 BRCA non-mutated and 1 of 1 BRCA-mutated patients.

Among the 18 evaluable patients on the 21-day sched-
ule, 4 DLTs (only 1 BRCA mutated at DL3, Table 1) were
observed. Two of the three evaluable patients at DL3 expe-
rienced a DLT, making this particular dose level undeliver-
able. DL2 (gemcitabine 750-mg/m? days 1 and 8 and veli-
parib 20-mg BID days 1-14) was then determined to be the
MTD, with 2 DLTs in an expanded cohort of 12 patients.

Of a total of nine patients who experienced a DLT, all but
one was related to myelosuppression. There were six cases
of neutropenia, one of leukopenia, and one of thrombocyto-
penia (Table 1). Of note, gastrointestinal (GI) toxicity was
relatively mild with only one GI-related DLT (nausea and
vomiting).

Antitumor activity

Of the 11 patients treated on the 28-day schedule, ten were
evaluable for response. There was one partial response in a
patient with pancreatic cancer and five patients with stable
disease (breast cancer, 1; lung cancer, 2; ovarian cancer,
1; and pancreatic cancer, 1). Of the 20 patients treated on
the 21-day schedule, 17 were evaluable for response. There
were 2 partial responses (metastatic adrenocortical carci-
noma, 1; ovarian carcinoma, 1) and 10 patients with stable
disease (breast cancer, 3; lung cancer, 4; pancreatic cancer,
2; unknown primary, 1), see Suppl. Table 3.

Among nine lung cancer patients, six had stable disease
(4-20 cycles). Of the four evaluable patients with pancreatic
cancer, three had stable disease (2—6 cycles) and one had a
PR (12 cycles). Four of seven patients with breast cancer had
stable disease (4—14 cycles).

Of the three patients with a PR, only the ovarian can-
cer patient was BRCA positive (22 cycles). The other two
(pancreatic cancer and adrenocortical carcinoma) were
BRCA negative. The pancreatic cancer patient was treated
on the 28-day schedule at DL-1. The other two patients were
treated on the 21-day schedule—one at one DL below the
MTD (adrenocortical carcinoma) and the other at one DL
above the DLT (ovarian cancer).

Pharmacokinetics

Veliparib PK data were available for 30 patients (Table 3).
Data are presented by veliparib dose, combining 500- and
750-mg/m? doses of gemcitabine, as any differential effect
on veliparib PK was assumed to be minimal. Veliparib
exposure increased with dose with a half-life of 5 h and
an apparent clearance of 20 L/h. There was a statistically
significant effect of gemcitabine on veliparib exposure, as

@ Springer
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Table 2 Grade 3/4 toxicities by dose level

Schedule

28 days

28 days

28 days

21 days

21 days

21 days

21 days

Veliparib (mg BID)/gemcit-

abine (mg/m?)

Grade 3/4 Toxicities

Any toxicities

Grade 3 hematologic

Anemia

Lymphocyte count

decreased

White blood cell decreased
Neutrophil count

decreased

Platelet count decreased
Grade 4 hematologic
Lymphocyte count

decreased

Neutrophil count

decreased

Grade 3 non-hematologic
Abdominal pain

Alanine aminotransferase

increased

Aspartate aminotransferase

increase
Fatigue
Diverticulitis
Hypokalemia
Hyponatremia
Ileus
Nausea
Vomiting

10/750 (n = 3) 10/500 (n = 8)

Number of Patients (percent)

3 (100%)
3 (100%)
0
0

2 (67%)
1.(33%)

2 (67%)
0
0

2 (67%)
0
0

1 (33%)
0
0
1 (33%)
0
1 (33%)
0

5 (63%)
4 (50%)
2 (25%)
1 (13%)

1 (13%)
2 (25%)

1 (13%)
0
0

2 (25%)
0
0

= ol el =]

0
1 (13%)
1 (13%)

8 (73%)
7 (64%)
2 (18%)
1 (9%)

3 (27%)
3 (27%)

3 (27%)
0
0

4 (36%)
0
0

1 (9%)
0

0

1 (9%)
0

2 (18%)
1 (9%)

Total (n=11)

20/500 (n = 3)

3 (100%)
2 (67%)
1 (33%)
1 33%)

0
1 (33%)

0
2 (67%)
1 (33%)

1 (33%)

2 (67%)
0
0

1 33%)

0
0
1 (33%)
0
1 (33%)
1 (33%)
1 (33%)

201750 (n = 14)

10 (71%)
8 (57%)
2 (14%)
1 (7%)

4 (29%)
5 (36%)

1(7%)
2 (14%)
1 (7%)

1 (7%)

3 (21%)
1 (7%)
1(7%)

1(7%)

0
1 (7%)

[= el oo

40/750 (n = 3)

Total (n = 20)

2 (67%) 15 (75%)
2 (67%) 12 (60%)
0 3 (15%)
0 2 (10%)
0 4 (20%)
2 (67%) 8 (40%)
0 1 (5%)
0 4 (20%)
0 2 (10%)
0 2 (10%)
0 5(25%)
0 1 (5%)
0 1(5%)
0 2 (10%)
0 0

0 1 (5%)
0 1 (5%)
0 0

0 1 (5%)
0 1 (5%)
0 1 (5%)

Veliparib dose in mg BID; gemcitabine dose in mg/m?

Number of patients experiencing adverse event (percentage). Only adverse event possibly, probably, or definitely related to treatment were listed

Table 3 Veliparib plasma pharmacokinetic parameters

Veliparib dose Day —2 Day -2 Day -2 Day -2 Day -2 Day -2 Day 1 Day 1 Day 1

(mg) Cpa/dose (ng/ Tpo (h) ta(h)  AUC,q(ug/  AUC, j, (ug/ Cpoy (ng/mL)® AUC, ,,  CI/F (L/h)
mL/mg) mL h) mL h)* (ug/mL h)*®

10V =11) 701 (1.84)  14(0.6) 42(12) 029(0.07)  037(0.08)  944(260)  053(0.13) 253 (10.3)

20 (N = 16) 649 (271)  1.8(1.0) 58(3.0) 0.54(0.15)  0.68(0.20) 213 (79) 1.16 (0.45) 17.5(6.4)

40 (N = 3) 885(3.62)  2.0(1.0) 49(20) 143(047)  1.76(0.50) 325 (109) 241(1.04) 18.4(6.3)

Total (N =30) - 6.56 (2.69) 1.7(09) 5124) - - - 20.3 (8.6)

* AUC,_,, was calculated based on extrapolating from the 8-h concentration value and the elimination rate. The average extrapolated portion was

approximately 20%

® The theoretical accumulation index based on observed half-life and 12-h dosing interval was 1.26 (0.25). The observed accumulation index for
Crax and AUC_;, was 1.51 (0.56), P = 0.004 and 1.54 (0.28), P = 0.00001 by two-sided exact Wilcoxon signed rank test
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Table 4 Gemcitabine (dFdC) and metabolite (dFdU) plasma pharmacokinetic parameters, mean (standard deviation)

dFdU/dFdC dFdU/dFdC

dFdC dFdU dFdU dFdU

dFdC

dFdC

dFdC

Gemcitabine (mg/mz) Veliparib (mg) dFdC

AUCP

AUCOJLS (pg/mL h) Cmax

Ciax (ng/mL) 12 (h)

AUC, ;s (ug/mL h)* CI (L/h/im?) V,, (L/m?)

Cpax (Ug/mL) /2 (min)

41 (25)
64 (17)
26 (8)
29 (7)
24 (8)

2.3(1.3)
2.9(0.5)

216 (82)
257 (43)

27.6 (9.5)
130 (161)

57.1 (31.3) 16.1 (3.6)

53.8(9.4)
47.0 (1.4)

109 (46)
124 (12)
107 (10)
99 (35)

5.68 (3.45)
4.07 (0.40)
7.07 (0.73)

25.7 (4.3)
17.3 (5.8)
22.9 (9.0)
23.6 (5.6)

9.36 (5.72)
7.17 (0.88)
11.5 (0.3)
13.4 (4.0)

10
20

5)

500 (N

20.7 (3.8)

3)

500 (N

1.6 (0.1)

28.3 (15.1) 186 (81)

18.4 (1.0)

10
20
40

3)

750 (N

1.7 (0.6)
1.4 (0.7)
1.9(0.8)

58.1(36.8) 236 (62)

29.3(5.8)

46.5(19.6) 22.0 (2.6)

8.22 (2.12)

13)
3)

750 (N

188 (33)

46.7 (24.1) 18.7 (5.0

100 (44)
49.4 (20.0) -

105 (34)

54.4 (13.8) 9.17(5.51)

26.6 (12.1) —

17.6 (14.6)

750 (N

35(17)

53.8(60.9) —

All (N = 27)

“The extrapolated portion was less than 0.37%

®Calculated as dFdU-AUC,, 45,/dFdC-AUC,, ¢

judged by the observed accumulation index for C ., and
AUC,_,, relative to the theoretical accumulation index, of
about 20% above the accumulation expected based on each
patient’s veliparib alone half-life.

Gemcitabine PK data were available for 27 patients
(Table 4). Data are presented by gemcitabine and veli-
parib dose. Gemcitabine exposure increased with dose.
The half-life of dFdU was imprecisely estimated because
of the relatively short sampling period (48 h relative to the
estimated value of approximately 50 h). There appeared
to be a trend towards an increased gemcitabine half-life,
and lower dFdU/dFdC C,,, and AUC ratios with increas-
ing veliparib dose. However, with 10, 20, and 40-mg BID
veliparib, only the gemcitabine half-life increased statisti-
cally significant (23, 24, and 54 min, respectively) when
compared at 750-mg/m? gemcitabine, using the Jonck-
heere—Terpstra test (P = 0.034).

Pharmacodynamics

PBMC PAR levels were evaluated in five patients. Two
patients were analyzed with NCI provided reagents prior
to suspension of this assay by the NCI. PAR levels were
quantifiable in all PBMC samples. As shown in Fig. 1,
PAR levels rapidly decreased after veliparib administra-
tion in pt#1-1-13 and increased after gemcitabine infu-
sion. PBMCs from pt#1-1-15 demonstrated no reduction
in PAR levels after veliparib administration but revealed
a rapid decline after gemcitabine administration. Three
additional patients were evaluated for PAR levels using a
commercially available ELISA kit. Of note, the basal PAR
expression in these three patients was significantly lower
due to the differences in the PAR standards provided in
each kit used to quantitate PAR (31 versus 231, pg/10’
PBMC s, respectively). In these three patients, PAR levels
decreased 1 h after veliparib administration. One patient
(pt#1-2-31) had an unexplainable spike in PAR levels at
6-h post-veliparib. Gemcitabine administration seemed to
reduce PAR levels even further.

The combination of gemcitabine and veliparib is believed
to enhance DNA damage. To evaluate the extent of this dam-
age, we measured activation by phosphorylation of H2AX
protein on serine 139 in PBMCs. Suppl. Figure 1 shows
H2AX activation over a 24-h period post-veliparib/gemcit-
abine administration. H2AX was activated in eight out of
ten patients, although the kinetics of the activation varied.
These patients had either SD, PR, or DLT, while the two
non-responding patients did not show activation of H2AX
in their PBMCs. Neither the peak plasma concentration of
gemcitabine nor gemcitabine AUC correlated with the level
of H2AX activation after 1 h (Suppl. Figure 2). Our PD stud-
ies showed ATM activation in only three patients.
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Fig. 1 PAR level in PBMCs from patients treated with gemcitabine
plus veliparib. Blood samples were drawn at the indicated times.
PBMCs were isolated and processed for PAR ELISA. Clinical events
(PR partial response, SD stable disease, DLT dose-limiting toxicity)
are listed behind patient identifier
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Ascites case

The concentration versus time courses of gemcitabine and
dFdU in plasma and ascites are presented in Suppl. Fig-
ure 3A. The concentration versus time courses of veliparib
in plasma and ascites are shown in Fig. 2, and the PK
parameters are shown in Suppl. Table 4. Peak concentra-
tions of gemcitabine in plasma and ascitic fluid were 11.8
and 1.58 pug/mL, respectively. Ascites gemcitabine con-
centrations declined less rapidly than those in plasma; the
corresponding half-lives being 1.3 and 3.0 h. The ascites-
to-plasma ratio of gemcitabine AUC was 0.67, while that
of the dFdU metabolite was 0.38. Peak concentrations of
veliparib in plasma and ascites (on day 1) were 87 and
44 ng/mL, respectively. The half-life of veliparib was 7.4 h
in plasma and 2.6 h in ascites. The ratio of ascites veliparib
AUC to plasma veliparib AUC was 0.62. It is noteworthy
that the trough concentration of veliparib in ascites was
higher than that in plasma. The unbound fraction of veliparib
was 0.67-0.73 in plasma and 0.76-0.86 in ascites (Suppl.
Table 5).

The PAR activity in ascites cells was higher than that in
PBMC:s (Fig. 2¢). In both PBMCs and ascites cells, PAR was
increased 1 h after the start of the gemcitabine infusion, and
by 6 h, the PAR levels had declined, but had not returned
to baseline.

CDA activity

Veliparib, at a timepoint close to T}, had a small but statis-
tically significant effect, causing a decrease in CDA activity
(mean 7%, median 15%, P = 0.042).

No obvious correlation of CDA with gemcitabine clear-
ance or dFdU-to-gemcitabine ratio was observed (data not

shown).

Discussion
Toxicity

The 28-day schedule, DL-1, was found to be not tolerable
and associated with DLT. Further dose reduction of either
veliparib or gemcitabine was not considered feasible, and a
new 21-day schedule was then developed. With the modi-
fied 21-day schedule, DL2 (gemcitabine 750 mg/m? and
veliparib 20-mg BID X 14 days) was found to be the MTD
with only 2 of a total of 12 evaluable patients experiencing a



Cancer Chemother Pharmacol

Fig. 2 a Plasma [day —2

A 100 T
(multiple symbol) and day 1 1
(filled square)] and ascites [day
1 (filled circle)] concentra-
tions of veliparib in the patient
with ascites. b Day 1 plasma
concentrations of veliparib in —_
the patient with ascites (filled _EI
square) compared to concentra- re)
tions in five patients without £
ascites treated at the veliparib o
dose level. ¢ PARP activity g
in PBMCs (open square) and o
ascites cells (filled square) in
a patient treated with 10-mg
veliparib BID and 750-mg/m? 10 ; ; ; ; ; .
gemcitabine. Time O is start of 0 60 120 180 240 300 360
gemcitabine infusion . .
Time (min)
B -
100
-
£
(=]
£
o
c
o
(&)
1 0 T T T T T 1
0 60 120 180 240 300 360
Time (min)
C 25 -
20 ~
@ 15 -
/]
o
S
= 10 A
(=2
£
14
5
&
{
0 T T T T T 1
0 60 120 180 240 300 360
Time (min)

DLT (both grade 3 neutropenia, with inability to deliver day
8 gemcitabine). Escalation to DL3 was clearly not tolerated
with two of three patients experiencing a DLT. Of the 12
patients treated at the MTD, 11 received at least two cycles
with one patient going on to receive 14 cycles of treatment.

This finding suggested that the MTD would also be the dose
recommended for phase II studies. Although the 20-mg BID
dose of veliparib is low relative to the single-agent MTD of
veliparib at 400-mg BID [19], this dose is clearly associated
with pharmacodynamic target engagement, as shown by our
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PAR data, and as previously reported in the phase 0 study
of veliparib [20].

In this phase I study, the toxicity profile of veliparib in
combination with gemcitabine is consistent with what is
typically observed with gemcitabine monotherapy, with
myelosuppression (leukopenia, granulocytopenia, throm-
bocytopenia, and anemia) and nausea and vomiting being
the most frequent adverse events [21, 22]. Liver enzyme
elevation, commonly reported with gemcitabine therapy, was
also observed.

There have been several studies combining a PARP
inhibitor with gemcitabine, confirming enhanced toxicity.
The phase I of veliparib with gemcitabine and carbopl-
atin on a 21-day schedule resulted in an MTD of veliparib
315-mg BID, gemcitabine 800 mg/m? on days 1 and 8, and
carboplatin AUC 4 on day 1, although an upfront cycle of
gemcitabine carboplatin without veliparib may have remove
individuals susceptible to toxicity, and a full report is not
yet published [23]. In the phase I trial of gemcitabine and
olaparib, the MTD was olaparib 100-mg BID (days 1-14,
per 28-day cycle) plus gemcitabine 600 mg/m? weekly. Con-
tinuous dosing of olaparib or combination with gemcitabine
at doses >600 mg/m” was not tolerated, with hematologic
toxicities being most common [24]. The phase I study of
olaparib with gemcitabine and cisplatin required dose reduc-
tions and changes in schedule ultimately leading to an MTD
of olaparib 100 mg once on day 1, gemcitabine 500 mg/m?
on days 1 and 8, and cisplatin 60 mg/m? on day 1 in patients
who had received no more than 2 prior severely myelosup-
pressive chemotherapy regimens. The combination resulted
in myelosuppression even at low doses and olaparib dosed
for 4 days was not tolerable [25]. Finally, a recent report
describes the combination of CEP-9722, a prodrug of the
PARP-1/2 inhibitor CEP-8983, combined with cisplatin and
gemcitabine. The study was halted before formal establish-
ment of the MTD. However, the severity of toxicity asso-
ciated with gemcitabine and cisplatin in the lead-in cycle
(without CEP-9722), particularly myelosuppression, limited
the ability to administer the combination in cycle 2 in nearly
half of the enrolled patients, likely resulting in a selection
bias, making the tolerability of the combination with CEP-
9722 difficult to assess [26].

Response

Of the 27 patients evaluable for response, three patients had
a documented PR (1 pancreatic, 1 metastatic adrenocortical
carcinoma, and 1 ovarian carcinoma) and 15 patients were
found to have SD. Of the three patients with a PR, only
the ovarian cancer patient was BRCA positive (22 cycles).
The other two patients (pancreatic cancer and adrenocortical
carcinoma) were BRCAPRO negative. No definitive con-
clusions about response and BRCA status or response and
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primary site of disease can be drawn from this limited data
set. In a patient population that was allowed prior chemo-
therapy including gemcitabine, our findings suggest that the
gemcitabine plus veliparib combination provides a reason-
able level of clinical benefit.

PK

Veliparib PK parameters calculated in the current study
[CI/F 20.3 (8.6) L/h, t%2 5.1 (2.4) h] are similar to those
previously reported in the literature (CI/F 20.9 L/h, #/2 6.1 h)
[27]. The observed accumulation index was slightly higher
(approximately 20%) than expected based on the half-lives,
suggesting a possible minor effect of gemcitabine on veli-
parib exposure; however, this was not deemed to be clini-
cally relevant. A similar effect was observed in the phase
I study of olaparib with gemcitabine and cisplatin, where
a statistically significant 44.8% increase in olaparib C,,,,
was observed in combination with gemcitabine relative to
monotherapy [25].

Gemcitabine clearance and C,,,, dFdU/dFdC ratio in the
current study [105 (34) L/h/m?, and 1.9 (0.8)] was similar
to what has been previously reported (Cl 88 L/h/m?, C,,,,
ratio 1.6) [28]. The gemcitabine half-life is quite variable,
and also dependent on the lower limit of quantitation of the
assay utilized. Our assay is sensitive to methods in earlier
reports, and in our data, we were able to occasionally observe
the start of an additional, slow compartment. The increased
gemcitabine half-life with increasing veliparib dose is mainly
driven by the three patients treated at the highest dose level.
There was a small but statistically significant negative effect
of veliparib on CDA activity. Because of the allosteric regu-
lation of many enzymes involved in pyrimidine metabolism
by their substrates and products, it would not be surprising if
veliparib, an adenosine analog, affects the intracellular fate of
gemcitabine [13, 29]. Exposure to gemcitabine, as expressed
by AUC, was quite consistent as shown by the similar clear-
ance values across cohorts and in line with previous reports.
It remains unclear as to whether higher doses of veliparib
might result in clinically significant levels of CDA inhibition.

PD

In the relatively small PD data set, we observed evidence of
target engagement of PARP by veliparib in PBMCs. We have
previously shown that pATM is a marker of DNA double-
strand breaks [30-32]. Our PD studies showed ATM acti-
vation in only three patients suggesting that this drug com-
bination did not significantly induce double-strand breaks
in PBMCs, at least over the timeframe that was studied.
H2AX activation appeared to be a more robust marker than
ATM activation for assessment of the level of DNA damage
induced by this combination.
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Ascites

Ascites is a common clinical condition in various malignan-
cies, resulting in prolonged systemic exposures and exces-
sive toxicities, e.g., with methotrexate [33]. A case report
described gemcitabine PK in ascites after a fixed dose rate of
10 mg/m*/min [34]. To our knowledge, we present the first
ascites data after the labeled 30-min administration of gem-
citabine [1] and veliparib. Despite the relatively low dose of
gemcitabine, its concentration in ascitic fluid approached the
level at which intracellular formation of the active metabo-
lite dFACTP is saturated (1.5-4.5 pg/mL) [35]. Ascites did
not serve as a reservoir for gemcitabine, as was reported
previously [34]. However, the half-life of gemcitabine in
ascites was higher than that in plasma, providing concentra-
tions close to the levels at which intracellular formation of
dFdCTP is saturated for longer. The clearance of gemcit-
abine agrees with values for patients without ascites, and
the presence of ascites does not necessitate dose reduction.

The AUC of veliparib in plasma agrees with that observed
in patients without ascites. Despite the fact that the trough
concentration of veliparib in ascites was higher than that in
plasma, the achieved C,,,,, in ascites (44 ng/mL) was half the
Cphax 10 plasma and lower than the 51 ng/mL concentration
associated with a significant reduction in tumor PAR levels
in single-dose studies in mice [20]. This finding could be
attributed to the relatively low dose of veliparib adminis-
tered to the patient, since veliparib has been shown to inhibit
PARP at the 20-mg bid dose [20]. The low concentrations of
veliparib in ascites could explain the observed higher PARP
activity in ascites cells compared to PBMCs. The lower
AUC of veliparib in ascites relative to plasma could partly
be explained by the higher protein binding in plasma relative
to ascites. Unfortunately, based on our data, it is difficult to
conclude if ascites serves as a depot for veliparib, since PK
sampling of ascitic fluid was performed only on day 1, and
did not continue after discontinuation of drug.

Conclusion

In conclusion, the combination of gemcitabine at 750-mg/
m? IV on days 1 and 8 and veliparib at a dose of 20-mg PO
BID days 1-14 on a 21-day schedule is safe with manageable
and expected toxicities. This combination is also associated
with clinical activity, and is worthy of further evaluation in
the phase II setting. A randomized phase II study of gemcit-
abine, cisplatin, with or without veliparib in patients with
advanced pancreatic cancer and a known BRCA/PALB2
mutation is currently ongoing (ClinicalTrials.gov Identifier:
NCTO01585805).
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