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Abstract
Purpose  Veliparib is an oral inhibitor of poly (ADP-ribose) polymerase (PARP)-1 and -2. PARP-1 expression may be 
increased in cancer, and this increase confers resistance to cytotoxic agents. We aimed to determine the recommended phase 
2 dose (RP2D), maximum tolerated dose (MTD), dose-limiting toxicity (DLT), and pharmacokinetics (PK) of veliparib 
combined with paclitaxel and carboplatin.
Methods  Eligibility criteria included patients with advanced solid tumors treated with ≤ 3 prior regimens. Paclitaxel and 
carboplatin were administered on day 3 of a 21-day cycle. Veliparib was given PO BID days 1–7, except for cycle 1 in the 
first 46 patients to serve as control for toxicity and PK. A standard “3 + 3” design started veliparib at 10 mg BID, paclitaxel 
at 150 mg/m2, and carboplatin AUC 6. The pharmacokinetic (PK) disposition of veliparib, paclitaxel, and carboplatin was 
determined by LC–MS/MS and AAS during cycles 1 and 2.
Results  Seventy-three patients were enrolled. Toxicities were as expected with carboplatin/paclitaxel chemotherapy, including 
neutropenia, thrombocytopenia, and peripheral neuropathy. DLTs were seen in two of seven evaluable patients at the maxi-
mum administered dose (MAD): veliparib 120 mg BID, paclitaxel 200 mg/m2, and carboplatin AUC 6 (febrile neutropenia, 
hyponatremia). The MTD and RP2D were determined to be veliparib 100 mg BID, paclitaxel 200 mg/m2, and carboplatin 
AUC 6. Median number of cycles of the three-agent combination was 4 (1–16). We observed 22 partial and 5 complete 
responses. Veliparib did not affect paclitaxel or carboplatin PK disposition.
Conclusion  Veliparib, paclitaxel, and carboplatin were well tolerated and demonstrated promising antitumor activity.
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Introduction

PARP-1 and -2 are nuclear enzymes that catalyze the 
synthesis of poly-ADP ribose (PAR) at sites of single-
stranded DNA breaks (SSB). The branched-chain, nega-
tively charged PAR polymers are attached to histones and 

other proteins at the site of SSB leading to the recruitment 
of machinery for base-excision DNA repair (BER) [1]. 
Cell lines lacking the function of BRCA1 or BRCA2 gene 
products are exceptionally sensitive to inhibition of PARP 
activity [2, 3], suggesting a synthetic lethal relationship 
between BRCA1/2 and PARP1/2. This observation is con-
sistent with the role of BRCA1 and BRCA2 in homologous 
recombination DNA repair [4, 5]. PARP expression has 
been observed to be higher in various solid tumors when 
compared to normal tissue [6–12], and this over-expres-
sion has been linked to chemoresistance. PARP inhibi-
tors have conversely been shown to potentiate cell death 
in response to DNA damage by chemotherapy or radio-
therapy [13, 14]. Several PARP inhibitors have undergone 
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clinical development [15]. Veliparib (ABT-888) is an 
orally bioavailable inhibitor of PARP-1 and PARP-2. Pre-
liminary results of a study of veliparib as a single agent in 
patients with BRCA1/2-mutated cancer (BRCA +), plati-
num-refractory ovarian cancer, or basal-like breast cancer 
showed tumor responses and prolonged stable disease [16]. 
Single-agent activity has also been reported in patients 
with ovarian, breast, and prostate cancers, most notably 
in patients with germline or somatic mutations in BRCA​ 
and other genes that are directly involved in DNA repair. 
There are currently three PARP inhibitors approved by the 
US Food and Drug Administration (FDA) for advanced 
ovarian cancer in women with germline BRCA1 or BRCA2 
mutations or in combination with chemotherapy: niraparib, 
olaparib, rucaparib [17–19]. Olaparib and talazoparib are 
also approved for patients with advanced, germline BRCA​
-mutated, HER2-negative breast cancer.

While the PARP inhibitors, as a class, have shown single-
agent activity in the limited tumor types above, there remains an 
unmet need for durable cancer control and activity in a broader 
range of tumors. Synergy has been observed between DNA-
damaging cytotoxic agents and PARP inhibitor compounds, 
including platinum agents [20–22]. A study of veliparib in 
combination with temozolomide in patients with advanced 
melanoma showed a trend toward improved progression-free 
survival (PFS) with either 20 mg or 40 mg of veliparib daily 
vs. placebo [23] and a randomized study of temozolomide plus 
veliparib vs. placebo in patients with refractory small cell lung 
cancer showed a significant improvement in overall response 
rate, although the primary endpoint of PFS improvement was 
not reached [24]. A study of veliparib in combination with oral 
daily cyclophosphamide observed 7 partial responses out of 35 
patients enrolled [25].

The combination of paclitaxel and carboplatin is an effective 
and well-tolerated chemotherapy doublet that has well-estab-
lished clinical activity in cancers of the lung, ovary, urothelium, 
cervix, endometrium, head and neck as well as Kaposi’s sar-
coma. Moreover, paclitaxel has been shown to abrogate throm-
bocytopenia seen with carboplatin [26]. We hypothesized that 
veliparib would enhance the effect of carboplatin-associated 
DNA damage in cancer cells, and that the combination might 
demonstrate enhanced antitumor activity. The present study 
was designed to investigate the safety profile and determine 
the maximum tolerated dose of veliparib in combination with 
paclitaxel and carboplatin.

Patients and methods

Inclusion criteria

Eligible patients had a histologically confirmed non-
hematologic malignancy for which three or fewer systemic 

treatment regimens had been administered previously for 
advanced disease. Patients were ≥ 18 years of age, had an 
ECOG performance status less of 0–2, and a life expectancy 
of greater than 12 weeks. Adequate organ and marrow func-
tion was required: absolute neutrophil count ≥ 1500/mcL, 
platelet count ≥ 100,000/mcL, total bilirubin ≤ 1.5 × insti-
tutional upper limit of normal (ULN), AST(SGOT) and 
ALT(SGPT) ≤ 2.5 × institutional ULN, creatinine ≤ ULN 
or estimated creatinine clearance ≥ 60 mL/min/1.73 m2 for 
patients with creatinine levels above the institutional ULN. 
Patients with peripheral neuropathy greater than CTCAE 
grade 1 were excluded, as were patients who were pregnant 
or who had a history of HIV infection, bleeding diathesis, 
or seizure disorder. Patients with brain metastases were 
required to have stable disease for at least 4 weeks following 
local therapy. Assessment of BRCA​ status was not mandated, 
and patients with a known BRCA1 or BRCA2 germline muta-
tion were enrolled in a separate cohort that will be reported 
separately.

Study design

This was a multi-center, open-label phase 1 study. Subjects 
were enrolled at five study sites under an IRB-approved 
protocol (NCT00535119). Informed consent was obtained 
from all individual participants included in the study. The 
study was conducted in compliance with the Declaration of 
Helsinki. Veliparib was supplied by Cancer Therapy Evalu-
ation Program of the National Cancer Institute as 10 mg 
and 50 mg tablets and was administered every 12 h without 
regard to meals on days 1–7 of each 21-day cycle. For the 
first 46 patients, veliparib was not administered until cycle 
2 so that the effect of veliparib on paclitaxel and carboplatin 
pharmacokinetics (PK) as well as its contribution to toxicity 
could be compared directly to chemotherapy alone. DLTs 
were assessed during cycle 2. Paclitaxel and carboplatin 
were obtained commercially and administered intravenously 
on day 1 of cycle 1 and on day 3 of cycle 2 onward (Fig. 1). 
Patients who had toxicity during cycle 1 (carboplatin and 
paclitaxel alone), and thus required administration of G-CSF 
or dose reduction of chemotherapy for cycle 2, were not 
evaluable for DLT but were permitted to remain in the study. 
These patients are included in the overall toxicity summary 
and in the assessment of tumor response. This schedule was 
designed so that there would be veliparib exposure at the 
time of chemotherapy administration.

A modified Fibonacci dose escalation scheme was used 
in the study design. The starting dose level was carboplatin 
AUC 6, paclitaxel 150 mg/m2, and veliparib 10 mg bid. The 
protocol recommended that up to six cycles of study treat-
ment should be administered, although additional cycles 
of treatment could be given if there was clinical benefit at 
the discretion of the investigator. After the first 46 patients 
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were enrolled into dose levels 1–8, the study was amended 
so that veliparib as well as carboplatin and paclitaxel were 
administered together in cycle 1. The remaining subjects 
were enrolled on dose levels 7, 8, and 7A in dose escalation 
and expansion.

Definition of DLT and MTD

For the first 46 patients enrolled on this study, dose-limiting 
toxicity (DLT) was assessed during cycle 2, which was the 
first cycle in which veliparib was combined with chemo-
therapy. Patients who experienced toxicity in cycle 1 that 
required dose reduction or use of growth factors in cycle 2 
were allowed to continue study treatment at the discretion of 
the investigator, but were not evaluable for DLT assessment of 
the veliparib/paclitaxel/carboplatin regimen. Beyond patient 
46, all three agents were administered in cycle 1, during 
which DLT was assessed. DLT was defined as: ≥ grade 3 non-
hematologic toxicity (including nausea or vomiting that lasted 
longer than 48 h despite maximal medical therapy); absolute 
neutrophil count < 1000 lasting longer than 7 days; grade 4 
thrombocytopenia; grade 3 or grade 4 neutropenia associated 
with sepsis or fever > 38 °C; delay in starting cycle 3 by more 
than 2 weeks due to toxicity; abnormal non-hematological 
laboratory criteria ≥ grade 3) if clinically significant and drug 
related. Colony-stimulating factors (G-CSF, GM-CSF) were 
not allowed routinely in cycles 1 or 2, but were permitted in 
later treatment cycles at the discretion of the treating investi-
gator. The MTD was defined as the highest dose at which ≤ 1 
out of 6 patients experienced a DLT.

Patient evaluation

After patients signed informed consent, screening studies 
were obtained to determine eligibility including detailed 

medical history, physical exam, performance status, dis-
ease assessment by cross-sectional imaging (CT or MRI), 
complete blood count (CBC) and serum chemistry panel 
including liver function tests. CBC and serum chemistry 
panel were obtained weekly during cycles 1 and 2 and at 
the start of every cycle thereafter. Interim medical his-
tory, physical exam, and performance status were also 
assessed at the start of every cycle, and tumor response 
was assessed every 2 cycles (post-cycle 3 and every 2 
cycles thereafter for the first 46 subjects). Tumor response 
and progression were assessed by RECIST 1.0 [27].

Dose modifications

Grade 4 neutropenia, grade 3 neutropenia with fever, or 
grade ≥ 2 peripheral neuropathy or arthralgia/myalgia led 
to a reduction in paclitaxel dose by 25 mg/m2. Up to two 
dose reductions were allowed. Grade 3 or grade 4 throm-
bocytopenia led to a reduction in carboplatin dose by one 
AUC level. Up to two dose reductions for thrombocytopenia 
were allowed. Paclitaxel and veliparib were held for ≥ grade 
2 SGOT elevation or ≥ grade 3 elevation in total bilirubin.

Pharmacokinetic methods

Peripheral blood samples were collected in heparinized 
tubes prior to and at 0.5, 1, 1.5, 2, 3, 4, 6, and 8 h after 
veliparib dosing on Day 1 (for veliparib PK), and prior to 
and at 0.5, 1, 1.5, 2, 3, 3.25, 4, 6, 8, and 24 h after veliparib 
dosing (coinciding with start of paclitaxel infusion) on Day 
3 (for veliparib, carboplatin and paclitaxel PK). Forty-six 
patients received a single cycle of paclitaxel and carbopl-
atin without veliparib before the start of triplet therapy, and 
they were also studied prior to and at 0.5, 1, 1.5, 2, 3, 3.25, 
4, 6, 8, and 24 h after start of paclitaxel infusion on Day 
3 (for carboplatin and paclitaxel PK). Each blood sample 

Fig. 1   Study schema: carbopl-
atin and paclitaxel alone were 
administered on day 1 of the 
first 21-day cycle. Veliparib was 
administered PO twice daily on 
days 1–7, and chemotherapy 
administered IV on day 3 of the 
second and subsequent cycles. 
Study agents were administered 
over a 21-day cycle. Paclitaxel 
and carboplatin were admin-
istered intravenously (day 1 of 
lead-in cycle 1 and day 3 of sub-
sequent cycles with veliparib. 
Oral veliparib was administered 
twice daily on days 1–7 of each 
cycle, except for lead in cycle 1 
for the first 46 patients
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was centrifuged at approximately 1000× g for 10 min, and 
plasma was stored at − 70 °C or colder until analysis. Plasma 
concentrations of veliparib were quantitated with an LC–MS 
assay validated to FDA guidance [28]. Concentrations of 
ultrafilterable platinum were quantitated by atomic absorp-
tion spectrophotometry (AAS) as previously described [29]. 
Plasma concentrations of paclitaxel were quantitated with 
an LC–MS/MS assay as described previously [30], utiliz-
ing [13C6]-paclitaxel (AlsaChim, Illkirch Graffenstaden, 
France) as internal standard. Plasma PK parameters were 
derived from the data by non-compartmental methods with 
PK Solutions 2.0™ (Summit Research Services, Montrose, 
CO, USA). Mean prediction error and root mean squared 
prediction error for targeting carboplatin AUC were calcu-
lated as described [31]. The time above a plasma paclitaxel 
concentration of 0.05 µM (Tc > 0.05 µM) was calculated 
from absolute dose and the 24 h concentration value using 
the MyCare Drug Exposure Calculator [32] Significance 
was evaluated with IBM SPSS Statistics version 24 (Inter-
national Business Machines Corp., Armonk, NY, USA).

Statistical methods

The primary objective of this study was to determine the 
MTD and recommended dose for phase 2 studies (RP2D) 
of veliparib in combination with carboplatin and paclitaxel 
in patients with advanced solid malignancies. The second-
ary objectives were as follows: (1) determine dose-limiting 
and other toxicities of the veliparib/carboplatin/paclitaxel 
combination; (2) observe preliminary antitumor activity; and 
(3) evaluate the PK parameters of the combination regimen.

This phase 1 trial followed a standard 3 + 3 dose escala-
tion schema. Descriptive statistics were used for the anal-
ysis of baseline demographic and clinical characteristics, 
responses, and maximum grade adverse events of all cycles, 
carboplatin and paclitaxel only cycle, and first veliparib 
cycle. Intrapatient comparisons of cycle 1 (carboplatin and 
paclitaxel only cycle) and cycle 2 (first ABT cycle) values 
of neutrophil counts and relative change in neutrophil counts 
were performed for 27 patients who were evaluable for DLT 
using a two-sided Wilcoxon signed-rank test.

Results

Demographics and enrollment

A total of 73 patients were enrolled between 2007 and 
2012 at five institutions (Table 1). The median age was 
60 years (range 33–86). The different tumor types are listed 
in Table 1, with the most common tumor types being lung 
(23%) and breast cancer (21%). Patients who had been 
treated with up to three prior chemotherapy regimens were 

eligible for this study. A total of 40 patients had received 
prior chemotherapy (22 = 1 regimen, 12 = 2 regimens, 6 = 3 
regimens), and 33 patients were treatment naïve.

The first 46 patients enrolled on this study were treated 
with carboplatin and paclitaxel alone in cycle 1. This lead-
in cycle was designed as a control to assess the effect of 
veliparib on toxicity and PK in cycle 2. As such, DLT was 
assessed during cycle 2 for this group of patients. Seventeen 

Table 1   Patient demographics

ECOG PS Eastern Cooperative Oncology Group Performance Status
a Only cycles where veliparib was given were counted

Characteristic No. of patients (%)

N 73
Age, years
 Median 60
 Range 33–86

Gender
 Male 40 (54.8)
 Female 33 (45.2)

ECOG performance status
 0 37 (50.7)
 1 31 (42.5)
 2 5 (6.9)

Primary cancer
 Non-small cell lung 16 (22)
 Breast 16 (21.9)
 Melanoma 10 (13.7)
 Head and neck 9 (12.3)
 Bladder 6 (8.2)
 Cholangiocarcinoma 2 (2.7)
 Esophageal 2 (2.7)
 Adenoid cystic of lung 1 (1.4)
 Adrenocortical carcinoma 1 (1.4)
 Ampulla of Vater 1 (1.4)
 Cervix 1 (1.4)
 Myxoid chondrosarcoma 1 (1.4)
 Prostate 1 (1.4)
 Small cell lung 1 (1.4)
 Stomach 1 (1.4)
 Uterine 1 (1.4)
 Olfactory esthesioneuroblastoma 1 (1.9)
 Carcinoma of unknown origin 3 (4.1)

No. of prior therapy regimens (cytotoxic only)
 0 33 (45.2)
 1 22 (30.1)
 2 12 (16.4)
 3 6 (8.2)

No. of cyclesa

 Median 4
 Range 1–16
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of these first 46 patients were inevaluable for DLT (21 of the 
73 total enrolled), mostly because toxicity during cycle 1 
(carboplatin and paclitaxel alone) necessitated a dose reduc-
tion, delay or use of growth factor support during cycle 2. 
These patients, however, were allowed to proceed with sub-
sequent cycles of study treatment and were included in the 
response analysis. Six patients were unable to be treated 
beyond cycle 1 with carboplatin/paclitaxel and so were 
excluded from the analysis. The protocol was subsequently 
amended after the first 46 patients, eliminating the lead-in 
cycle with carboplatin and paclitaxel alone. This change 
resulted from the unexpected number of patients who were 
inevaluable because of toxicity during cycle 1 with chemo-
therapy alone (primarily asymptomatic neutropenia) and 
preliminary data suggesting that, through dose level 7, veli-
parib did not have an adverse effect on toxicity or on the PK 
of carboplatin and paclitaxel. Patients received a median 
of four cycles of therapy with the triple combination of 
carboplatin, paclitaxel, and veliparib (range 1–16). Eleven 
subjects received more than six cycles of study treatment.

Toxicity

Dose-limiting toxicities occurred in eight patients during 
their DLT observation cycle (cycle 2 for the first 46 subjects 
and cycle 1 for subsequent subjects) (Table 2). The most fre-
quent toxicity observed during the DLT assessment period 
was neutropenia (57%) (Table 3), highest grade 3 in 19% and 
grade 4 in 31%). During the initial cycle of carboplatin and 
paclitaxel, neutropenia was seen in 56% of patients (20% 
grade 3 and 24% grade 4). Febrile neutropenia or grade 3–4 
neutropenia lasting more than 7 days was observed less fre-
quently (7 patients total across the dose levels). The toxici-
ties observed in cycle 2 were consistent with those observed 

with carboplatin and paclitaxel alone, namely myelosup-
pression and cumulative peripheral neuropathy. Additional 
toxicities are listed in Table 3, supplemental Table 1, and 
supplemental Table 2.

There were two DLTs out of six evaluable patients treated 
at dose level 8 (febrile neutropenia and grade 4 hypona-
tremia plus grade 3 nausea), which was thus declared intol-
erable and the maximum administered dose (MAD). Dose 
level 8 included veliparib at a dose of 120 mg bid. The study 
was modified at this point to add a dose level (7B) with a 
veliparib dose of 100 mg bid, in between this dose and the 
80 mg bid dose used in dose level 7 (in which there was 1/6 
DLTs). There was one DLT (febrile neutropenia) seen in the 
first six patients treated at dose level 7B. An additional eight 
patients were treated as part of an expansion cohort at this 
dose level. In this group, one additional DLT of febrile neu-
tropenia was observed and a second subject had neutropenia 
(nadir 283) without fever that lasted 8 days. Dose level 7B 
was declared the MTD and RP2D.

Pharmacokinetics

Veliparib PK parameters are presented in supplemental 
Table 3. Exposure appeared to increase linearly with dose 
with an overall half-life of 5.1 h and an apparent clearance of 
27.5 L/h. Veliparib Cmax appeared similar in the absence and 
presence of carboplatin and paclitaxel, while a comparison 
of AUC (day 1 veliparib alone AUC​0-inf vs day 3 veliparib in 
combination AUC​0–12) resulted in barely significantly lower 
than expected AUC on day 3 in the presence of carboplatin 
and paclitaxel (P = 0.049 by exact Wilcoxon).

Ultrafilterable carboplatin pharmacokinetic parameters 
are shown in Fig. 2a, b and supplemental Table 4. Carbopl-
atin exposure was not impacted by the presence of veliparib 

Table 2   Dose levels and dose-
limiting toxicities (DLTs)

Dose level Veliparib 
dose (mg 
BID)

Carboplatin 
dose (AUC)

Paclitaxel 
dose (mg/
m2)

#Enrolled #Evalu-
able for 
DLT

DLTs

Level 1 10 6 150 5 3 0
Level 2 20 6 150 8 7 Grade 3 neutropenia > 7 days
Level 3 20 6 175 3 3 0
Level 4 40 6 175 3 3 0
Level 5 40 6 200 13 6 Grade 3 febrile neutropenia
Level 6 50 6 200 5 3 0
Level 7 80 6 200 11 6 Grade 3 febrile neutropenia
Level 7B 100 6 200 15 14 Grade 4 sepsis and neutro-

penia
Grade 4 neutropenia
Grade 4 febrile neutropenia 

and Grade 3 fatigue
Level 8 120 6 200 10 7 Grade 4 hyponatremia,

Grade 3 nausea
Grade 3 febrile neutropenia
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Table 3   Toxicity by grade, 
first cycle including veliparib 
(n = 73)

Event Any grade Grade 1 Grade 2 Grade 3 Grade 4
Number of patients (%)

Any adverse event 67 (92) 57 (78) 46 (63) 34 (47) 26 (36)
Neutrophil count decreased 42 (57) 1 (1) 4 (5) 14 (19) 23 (31)
White blood cell decreased 40 (55) 6 (8) 14 (19) 17 (23) 3 (4)
Nausea 28 (38) 22 (30) 5 (7) 1 (1) 0
Fatigue 27 (37) 18 (24) 5 (7) 4 (5) 0
Anemia 24 (33) 4 (5) 18 (25) 2 (3) 0
Alopecia 17 (23) 13 (18) 4 (5) 0 0
Lymphocyte count decreased 14 (19) 2 (3) 8 (11) 3 (4) 1 (1)
Platelet count decreased 13 (18) 7 (10) 2 (3) 4 (5) 0
Vomiting 9 (12) 7 (10) 2 (3) 0 0
Myalgia 8 (11) 6 (8) 2 (3) 0 0
Peripheral sensory neuropathy 7 (10) 7 (10) 0 0 0
Constipation 6 (8) 4 (5) 2 (3) 0 0
Arthralgia 6 (8) 5 (7) 1 (1) 0 0
Hyponatremia 5 (7) 3 (4) 0 1 (1) 1 (1)
Diarrhea 5 (7) 5 (7) 0 0 0
Anorexia 4 (5) 4 (5) 0 0 0
Allergic reaction 3 (4) 2 (3) 0 0 1 (1)
Fever 3 (4) 2 (3) 0 1 (1) 0
Hypoalbuminemia 3 (4) 1 (1) 2 (3) 0 0
Dyspepsia 3 (4) 2 (3) 1 (1) 0 0
Dyspnea 3 (4) 2 (3) 1 (1) 0 0
Creatinine increased 3 (4) 3 (4) 0 0 0
Pruritus 3 (4) 3 (4) 0 0 0
Dizziness 3 (4) 3 (4) 0 0 0
Edema limbs 3 (4) 3 (4) 0 0 0
Headache 3 (4) 3 (4) 0 0 0
Febrile neutropenia 5 (7) 0 0 3(4) 2 (3)
Sepsis 2 (3) 0 0 0 2 (3)
Hypocalcemia 2 (3) 0 1 (1) 1 (1) 0
Alkaline phosphatase increased 2 (3) 1 (1) 1 (1) 0 0
Weight loss 2 (3) 2 (3) 0 0 0
Flushing 2 (3) 2 (3) 0 0 0
Cough 2 (3) 2 (3) 0 0 0
Rash maculopapular 2 (3) 2 (3) 0 0 0
Mucositis oropharyngeal 3 (4) 3 (4) 0 0 0
Dysgeusia 2 (3) 2 (3) 0 0 0
Dry mouth 2 (3) 2 (3) 0 0 0
Dysphagia 2 (3) 2 (3) 0 0 0
Alanine aminotransferase increased 2 (3) 2 (3) 0 0 0
Aspartate aminotransferase increased 2 (3) 2 (3) 0 0 0
Presyncope 1 (1) 0 0 1 (1) 0
Hypophosphatemia 1 (1) 0 0 1 (1) 0
Dehydration 1 (1) 0 1 (1) 0 0
Cytokine release syndrome 1 (1) 0 1 (1) 0 0
Muscle weakness 2(2) 1(1) 1 (1) 0 0
Erythema multiforme 1 (1) 0 1 (1) 0 0
Upper respiratory infection 1 (1) 0 1 (1) 0 0
Hypomagnesemia 1 (1) 0 1 (1) 0 0
Hiccups 1 (1) 1 (1) 0 0 0
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or by veliparib dose. P values by two-sided exact Wilcoxon 
signed-rank tests were: Cmax 0.352, AUC​0-inf 0.069, and CL 
0.136. The ability to target an ultrafilterable carboplatin 
AUC of 6 mg∙min/mL in the absence and presence of veli-
parib was characterized by the mean prediction error (ME) 
as a measure of bias and the root mean squared prediction 
error (RMSE) as a measure of precision. In the absence 
of veliparib, ME was 1.88 mg∙min/mL (or 31% of AUC 
6 mg∙min/mL) and RMSE was 3.45 mg∙min/mL (or 57% 
of AUC 6 mg∙min/mL). In the presence of veliparib, ME 
was 1.32 mg∙min/mL (or 22% of AUC 6 mg∙min/mL) and 
RMSE was 2.70 mg∙min/mL (or 45% of AUC 6 mg∙min/
mL).

Paclitaxel PK parameters are presented in Fig.  2c, d 
and supplemental Table 5. As with carboplatin, paclitaxel 
exposure was not impacted by the presence of veliparib or 
by veliparib dose. P values by two-sided exact Wilcoxon 
signed-rank tests were: Cmax 0.514, AUC​0-inf 0.468.

Pharmacodynamics

The ANC nadir (as a percentage change from baseline) was 
plotted as a function of time (hours) elapsed above plasma 
paclitaxel concentration of 0.05 µM (Tc > 0.05 µM) (Fig. 2e, 
f: in the absence and presence of veliparib, respectively). 
Within patients, there was no significant difference in the 
(Tc > 0.05 µM) value in the absence and presence of veli-
parib (P = 0.828 by two-sided exact Wilcoxon signed-rank 
test). To evaluate whether veliparib impacted the relation-
ship between (Tc > 0.05 µM) and ANC nadir, the data was 
split at the value of (Tc > 0.05 µM) = 31 h, see Fig. 2g, 
which has been reported as a cutoff for dose reduction 
[33]. In the absence of veliparib, there appeared to be no 
difference in median ANC nadir (Tc > 0.05 µM) < 31 vs 
(Tc > 0.05 µM) > 31, while in the presence of veliparib, 

such a difference did appear to be present (P = 0.032 by 
Mann–Whitney, not corrected for multiple testing).

Clinical efficacy

With respect to clinical efficacy, complete responses (CRs) 
were observed in five patients. These CRs were observed in 
three patients with breast cancer, one with biopsy-confirmed 
metastatic urothelial carcinoma that was durable for over 
1 year, and one with NSCLC. Twenty-two partial responses 
(PRs) were observed in patients with breast, lung, head and 
neck squamous, urothelial, uterine, prostate, stomach, mela-
noma, and carcinoma of unknown origin (Table 4). Of the 
patients who experienced a PR, 12 had received prior chem-
otherapy. Of note, there was not a clear association between 
dose level and response. Similarly, we did not observe a 
difference in response between the patients who received 
veliparib starting at cycle 1 or at cycle 2.

Discussion

This study was designed to determine the RP2D and to 
assess the toxicity and preliminary antitumor activity of the 
PARP inhibitor, veliparib, in combination with carboplatin 
and paclitaxel. The combination was well tolerated, with 
expected toxicities of myelosuppression, neuropathy, and 
gastrointestinal toxicity. The RP2D was determined to be 
paclitaxel 200 mg/m2 and carboplatin AUC 6 administered 
on day 3, and veliparib 100 mg PO bid on days 1–7 of a 
21-day cycle. The administration of carboplatin and pacli-
taxel alone in cycle 1 allowed direct comparison with cycle 
2 in which veliparib was added, in terms of PK and toxicity.

With any combination regimen, it is important to con-
firm that any new agent that is being combined with an 

Table 3   (continued) Event Any grade Grade 1 Grade 2 Grade 3 Grade 4
Number of patients (%)

Blood bilirubin increased 1 (1) 1 (1) 0 0 0
Anxiety 1 (1) 1 (1) 0 0 0
Non-cardiac chest pain 1 (1) 1 (1) 0 0 0
Flu-like symptoms 1 (1) 1 (1) 0 0 0
Tremor 1 (1) 1 (1) 0 0 0
Insomnia 1 (1) 1 (1) 0 0 0
Esophagitis 1 (1) 1 (1) 0 0 0
Sinus disorder 1 (1) 1 (1) 0 0 0
Bone pain 1 (1) 1 (1) 0 0 0
Chills 1 (1) 1 (1) 0 0 0
Purpura 1 (1) 1 (1) 0 0 0
Dysesthesia 1 (1) 1 (1) 0 0 0
Paresthesia 1 (1) 1 (1) 0 0 0
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existing therapeutic backbone does not affect the PK of 
that backbone therapy, thereby potentially impacting the 
efficacy and toxicity profile in patients. This could lead to 
false conclusions about the intended pharmacodynamic 
impact the new agent might have within the novel com-
bination. Our studies have shown that veliparib PK was 
linear with dose and displayed PK parameter values as 
previously documented in this dose range. By day 3, the 
expected accumulation ratio based on observed half-life 
(ratio 1.20 for a 5.1 h half-life) or reported half-life (ratio 
1.34 for a 6.1 h half-life) [34] was clearly not observed for 
Cmax, nor for AUC. Accurate determination of Cmax is dif-
ficult as it is dependent on the sampling frequency, but the 
less than expected accumulation ratio of AUC might sug-
gest a small, clinically non-relevant impact of carboplatin 
and paclitaxel on veliparib PK, or this could merely be a 
spurious observation.

Paclitaxel exposure, as evaluated by Cmax and AUC, was 
not significantly impacted by veliparib. Likewise, carbopl-
atin clearance was not significantly impacted by veliparib 
nor was carboplatin exposure, which suggests that veli-
parib did not meaningfully inhibit active creatinine secre-
tion through inhibition of, e.g., organic anion transporter 2 
(OAT2), organic cation transporter 2 (OCT2), OCT3, multi-
drug and toxin extrusion protein 1 (MATE1), and MATE2-
K [35]. Such an effect has been previously described for 
rucaparib and could be relevant for olaparib, and this would 
have resulted in falsely low estimates of creatinine clear-
ance and a corresponding carboplatin underdosing of our 
patients [36, 37]. Carboplatin AUC was targeted at an AUC 
of 6 mg∙min/mL throughout the study, and despite the pur-
ported individualization of the carboplatin dose through 
applying the Cockcroft–Gault and Calvert equations, respec-
tively, we observed significant bias and imprecision in the 
observed ultrafilterable carboplatin AUC relative to the tar-
get of 6 mg∙min/mL. The potential reasons for these equa-
tions “missing the target” have been discussed previously 
[38] and include the Cockcroft–Gault formula derived in 
a biased sample of mostly male, all white patients with an 
R2 of 0.69, which is assumed to equal glomerular filtration 
rate [39]. This assumption ignores creatinine secretion and 
drugs that can inhibit that process [40]. The value from the 
Cockcroft–Gault formula is then imputed into the Calvert 
equation, which is derived in 31 mostly female patients with 
an R2 of 0.76 to calculate the carboplatin dose [41]. The 
calculated dose may be capped by the truncation of the glo-
merular filtration rate value at 125 mL/min [42], which is 
incorrectly assumed to be the physiological maximum [43].

Importantly, a clinically significant increase in myelosup-
pression was not observed in cycle 2 upon addition of veli-
parib when compared to cycle 1 with chemotherapy alone 
(Fig. 2e–g and supplementary Fig. 1), although absolute neu-
trophil counts were lower on day 15 of cycle 2 vs cycle 1 

Fig. 2   Pharmacokinetics: PK parameters of ultrafilterable carboplatin (a, b) 
and paclitaxel (c, d) in the absence and presence of veliparib. ANC nadir (per-
centage of baseline) as a function of time above plasma paclitaxel concentra-
tion of 0.05 μM (Tc > 0.05μM) in the absence (e) and presence (f) of veliparib, 
and (g) the ANC nadir in the absence and presence of veliparib, split at the 
(Tc > 0.05  μM) = 31  h point (median indicted by horizontal bar). Pharma-
cokinetics and Pharmacodynamics: 1A: carboplatin Cmax is shown following 
administration during cycle 1 (veliparib −) and cycle 2 (veliparib +). 1B: car-
boplatin AUC is shown following administration during cycle 1 (veliparib −) 
and cycle 2 (veliparib +). 1C: paclitaxel Cmax is shown following administra-
tion during cycle 1 (veliparib −) and cycle 2 (veliparib +). 1D: paclitaxel AUC 
is shown following administration during cycle 1 (veliparib −) and cycle 2 
(veliparib +). 1E, F: scatter plot of change in absolute neutrophil count (ANC) 
nadir (as a percentage of baseline) plotted as a function of time (hours) above 
plasma paclitaxel concentration of 0.05  µM (Tc > 0.05  µM). 1E—without 
veliparib. 1F—with veliparib. 1G—scatter plot of nadir ANC as percentage 
change from baseline. Data split at the value of (Tc > 0.05 µM) = 31 h, which 
has been reported as a cutoff for dose reduction [33], and by presence or 
absence of veliparib
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(supplemental Fig. 1b; p = 0.03), and there was a trend toward 
greater decrease in neutrophil count vs baseline in cycle 2 vs. 
cycle 1 (supplementary Fig. 1c). These data stand in sharp 
contrast to the significant myelosuppression seen with other 
combinations of PARP inhibitors plus cytotoxic agents. For 
example, a study of olaparib plus gemcitabine and cisplatin 
described greater myelosuppression than would be expected 
with the combination regimen alone [44]. A preliminary 
report of a study combining carboplatin and paclitaxel with 
olaparib observed enhanced myelotoxicity as well [45]. A 
study of olaparib and weekly paclitaxel in patients with met-
astatic breast cancer found an unexpectedly high degree of 
neutropenia, even with growth factor support [46]. A phase I 
study of veliparib plus the topoisomerase I inhibitor, topote-
can, showed profound myelosuppression, with an MTD of 
10 mg bid veliparib with topotecan at a dose of 0.6 mg on 
days 1–5 [47]. It is presently unclear why a similar degree of 
myelosuppression was not observed in the current study. One 
possibility is that inhibition of PARP was less complete at the 
doses of veliparib used in our present study when compared 

to the doses administered in the studies described above with 
veliparib and other PARP inhibitors. It is also conceivable that 
different chemotherapy regimens elicited varying degrees of 
PARP activation, which in turn, affected the impact of veli-
parib on the bone marrow. The exposure–toxicity relationship 
of paclitaxel has been described by threshold models. Because 
the time above a plasma concentration of 0.05 µM (Tc > 0.05) 
predicts hematologic and non-hematologic toxicity, Joerger 
et al. [33] has suggested a therapeutic drug monitoring target 
of (Tc > 0.05) = 26–31 h. We therefore evaluated the ANC 
decrease of patients with (Tc > 0.05) ≥ 31 h vs those with 
(Tc > 0.05) < 31 h. Interestingly, in the absence of veliparib, 
we were not able to detect a difference in ANC nadir as a 
function of the (Tc > 0.05) cutoff. However, we were able to 
detect such a difference in the presence of veliparib, and the 
veliparib appeared to have a protective effect on patients with 
(Tc > 0.05) < 31 h (Fig. 2g). Of note, this was not corrected for 
multiple testing of the four groups of data, and the inability to 
detect an impact of (Tc > 0.05) on ANC nadir in the absence 
of veliparib is reason for caution.

Table 4   Responses (by tumor 
type and dose level)

a ORR overall response rate

#Evaluable CR PR SD PD ORRa (%)

All patients 67 5 22 32 8 27/67 (40)
By tumor type
 Lung 16 1 6 7 2 7/16 (44)
 Breast 13 3 6 2 2 9/13 (69)
 Melanoma 9 0 1 7 1 1/9 (11)
 Head and neck 8 0 3 5 0 3/8 (38)
 Bladder 6 1 2 2 1 3/6 (50)
 Carcinoma of unknown origin 3 0 1 2 0 1/3 (33)
 Esophageal 2 0 0 2 0 0/2 (0)
 Cholangiocarcinoma 2 0 0 2 0 0/2 (0)
 Ampulla of Vater 1 0 0 1 0 0/1 (0)
 Adrenal cortical carcinoma 1 0 0 0 1 0/1 (0)
 Stomach 1 0 1 0 0 1/1 (100)
 Uterine 1 0 1 0 0 1/1 (100)
 Prostate 1 0 1 0 0 1/1 (100)
 Myxoid chondrosarcoma 1 0 0 1 0 0/1 (0)
 Adenoid cystic of lung 1 0 0 1 0 0/1 (0)
 Cervix 1 0 0 0 1 0/1 (0)

By dose level
 Level 1 5 0 2 2 1 2/5 (40)
 Level 2 8 1 1 6 0 2/8(25)
 Level 3 3 0 1 2 0 1/3 (33)
 Level 4 3 0 1 2 0 1/3 (33)
 Level 5 12 2 4 5 1 6/12 (50)
 Level 6 5 1 1 2 1 2/5 (40)
 Level 7 9 1 5 2 1 6/9 (67)
 Level 7B 14 0 3 8 3 3/14 (21)
 Level 8 8 0 4 3 1 4/8 (50)
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This phase 1 study investigated a novel schedule in 
which a PARP inhibitor was given on days 1–7 of a treat-
ment cycle with the cytotoxic agents administered on day 
3. The rationale for this schedule was to achieve significant 
PARP inhibition prior to the initiation of platinum-induced 
DNA damage. The 14-day break from PARP inhibition in 
each cycle was designed to facilitate hematologic recovery. 
This schedule has been subsequently used in two disease-
specific phase 2 studies. The first is a randomized study in 
patients with advanced NSCLC that compared carboplatin 
(AUC = 6) plus paclitaxel (200 mg/m2) versus carboplatin, 
paclitaxel, and veliparib 120 mg bid (chemotherapy on day 
3 and veliparib days 1–7 of a 21-day cycle) [48]. In this 
population of previously untreated patients, the triplet regi-
men was shown to have an acceptable safety profile, and 
a trend toward improved progression-free and overall sur-
vival was seen with the veliparib-containing arm. A phase 
1 study of carboplatin, paclitaxel, and veliparib that used 
this same schedule in Japanese patients with previously 
untreated non-small cell lung cancer also determined an 
MTD of 120 mg veliparib with carboplatin (AUC = 6) plus 
paclitaxel (200 mg/m2) [49]. The BROCADE study rand-
omized patients with metastatic breast cancer and a deleteri-
ous BRCA1 or BRCA2 to veliparib (40 mg bid days 1–7) plus 
temozolomide (days 1–5) versus veliparib (120 mg bid days 
1–7) plus carboplatin (AUC = 6) and paclitaxel (175 mg/m2) 
versus carboplatin, paclitaxel and placebo [50]. Up to two 
prior lines of cytotoxic therapy for metastatic disease were 
allowed in this particular study. Han et al. reported no sig-
nificant increase in toxicity when veliparib was combined 
with carboplatin plus paclitaxel. With respect to clinical effi-
cacy, veliparib was associated with a significantly improved 
response rate and a trend toward favorable progression-free 
and overall survival when compared to placebo. Based on 
the positive results of this study, a larger randomized phase 
III clinical trial is underway (NCT02163694).

In summary, this phase 1 study established a RP2D for 
the PARP inhibitor, veliparib, in combination with carbopl-
atin and paclitaxel in patients with advanced solid tumors. 
Importantly, myelosuppression and other toxicities were 
not significantly increased with the triple combination. The 
schedule developed in this phase 1 study has been well tol-
erated in subsequent phase 2 studies in NSCLC and breast 
cancer. Promising clinical activity was observed, and this 
regimen is now being developed in specific tumor types.
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