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Abstract
Purpose Metastatic triple-negative breast cancer (TNBC) is a phenotypic breast cancer subgroup with a very poor progno-
sis, despite standard treatments. Combined twice-weekly iniparib and gemcitabine/carboplatin (GC+tw-iniparib) showed 
benefit over gemcitabine/carboplatin in a randomized phase II trial, and a phase III was initiated comparing these regimens. 
The present phase II study was initiated to compare GC+tw-iniparib with a more practical once-weekly schedule (GC+w-
iniparib) in TNBC.
Methods Metastatic TNBC patients were randomized to receive iniparib weekly (11.2 mg/kg on days 1 and 8) or twice-
weekly (5.6 mg/kg on days 1, 4, 8, and 11) with gemcitabine (1000 mg/m2) and carboplatin (area under the curve 2 on days 
1 and 8), every 3 weeks. The primary endpoint was the overall response rate (ORR). Pharmacokinetics of iniparib and its 
two metabolites were analyzed.
Results A total of 163 patients were randomized, 82 GC+w-iniparib and 81 GC+tw-iniparib. Demographic and baseline 
characteristics were well balanced. ORR was 34.1% (95% CI 23.9–44.4%) vs. 29.6% (95% CI 19.7–39.6%) and median 
progression-free survival was 5.5 months (95% CI 4.2–5.7) vs. 4.3 months (95% CI 3.0–5.8) for GC+w-iniparib and GC+tw-
iniparib, respectively. Safety was similar across treatment arms in terms of event severity and type. Iniparib plasma con-
centrations and exposure were two-fold higher with w-iniparib compared to tw-iniparib. Iniparib and its metabolites were 
cleared rapidly with a terminal half-life of < 1 h, without accumulation.
Conclusions Despite a doubled maximum concentration with weekly iniparib, no detectable differences in safety or efficacy 
were observed between the weekly and twice-weekly administration schedules in this population.
Trial registration ClinicalTrial.gov Identifier NCT01045304.
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PR  Progesterone receptor
RECIST  Response Evaluation Criteria in Solid 

Tumors
TNBC  Triple-negative breast cancers
ULN  Upper limit of normal

Introduction

In breast cancer patients, routine assessment of the estrogen 
and progesterone receptors (ER, PR), along with the human 
epidermal growth factor receptor 2 (HER2) has been critical 
for predicting response to hormonal and targeted therapies. 
Approximately 15% of breast tumors are totally devoid of 
these three receptors [1–3], harboring thus a triple-negative 
breast cancers (TNBC) phenotype. In view of their specific 
behavior compared to other subtypes, they constitute a dis-
tinct clinical subset of aggressive breast cancers charac-
terized by an increased risk of relapse compared to other 
subtypes, earlier development of distant metastases, higher 
rates of visceral and central nervous system metastases, and 
shorter overall survival [2–6]. Moreover the prognosis of 
patients with unresectable local relapse or distant metastasis 
is very poor [7]. For many years, chemotherapy has been the 
mainstay of treatment for these patients, and anthracyclines 
or taxanes are the preferred options in first-line, except in 
patients with germline BRCA mutations where carbopl-
atin seems of interest versus docetaxel [8]. More recently, 
the immune checkpoint inhibitor atezolizumab combined 
with chemotherapy has shown interesting activity in first-
line treatment in a phase III study [9]. Concerning targeted 
therapies, poly(ADP-ribose)polymerase (PARP) inhibitors 
provide the only treatment option that currently has shown 
scattered positive results in this subtype. Two PARP inhibi-
tors have demonstrated a statistically significant progression-
free survival (PFS) benefit in patients with germline BRCA 
mutations [10, 11]. Of note, patients with both TNBC and 
hormone-receptor-positive tumors were included in these 
two trials.

Iniparib (4-iodo-3-nitrobenzamide, BSI-201/SAR240550) 
was originally investigated as a PARP inhibitor. However, 
in subsequent preclinical analyses, it was unable to inhibit 
PARP enzymatic or cellular activity, and was shown to form 
adducts in a non-specific manner with cysteine-containing 
proteins [12, 13]. A randomized phase II study in metastatic 
TNBC showed that iniparib administered twice-weekly at a 
dose of 5.6 mg/kg on days 1, 4, 8 and 11 every 3 weeks, in 
combination with gemcitabine 1000 mg/m2 and carboplatin 
area under the curve (AUC2) on days 1 and 8, improved 
the clinical benefit rate (CBR), PFS and overall survival 
(OS) without potentiating chemotherapy-related toxicity 
[14]. A phase III study replicating the phase II study design 
using the same dose and schedule was thus initiated [15]. 

However, given the clinical inconvenience of requiring four 
iniparib infusions per cycle, including two without chemo-
therapy (days 4 and 11), the present phase II trial was initi-
ated in metastatic TNBC patients and performed in parallel 
with the phase III, investigating the tolerance and efficacy 
of a once-weekly schedule of administration (days 1 and 8, 
every 3 weeks) compared to twice-weekly administration. It 
was designed to evaluate a more clinically acceptable dos-
ing regimen for iniparib administered in combination with 
gemcitabine and carboplatin in terms of the overall response 
rate (ORR). Pharmacokinetics of the weekly regimen were 
explored.

Patients and methods

Patient eligibility

Women had to be over 18 years, have histologically docu-
mented breast cancer that was ER and PR-negative (< 10% 
tumor staining by immunohistochemistry [IHC] for both), 
and HER2-non-overexpressing by IHC (0, 1 +) or IHC 
2 + and fluorescence in  situ hybridization (FISH) nega-
tive, measurable disease according to Response Evalua-
tion Criteria in Solid Tumors (RECIST v1.1), an Eastern 
Cooperative Oncology Group performance status of 0 or 1, 
adequate hematologic, renal, and hepatic function, including 
absolute neutrophil count ≥ 1500/mm3, platelets ≥ 100,000/
mm3, hemoglobin ≥ 9 g/dL, ALT/AST ≤ 2.5 × upper limit of 
normal (ULN) or ≤ 5 x ULN with liver involvement, biliru-
bin ≤ 1.0 x ULN, serum creatinine ≤ 1.5 mg/dL or creatinine 
clearance ≥ 60 mL/min. Up to two prior chemotherapy regi-
mens for metastatic disease were permitted. Previous neo-
adjuvant/adjuvant systemic therapy was considered a prior 
chemotherapy line for metastatic disease if the first relapse 
occurred within 1 year after the last treatment. Patients with 
brain metastases were eligible if lesions were clinically 
stable and did not require steroids, as were patients with 
skin lesions ≥ 10 mm. Patients were ineligible if they had 
previous treatment with gemcitabine, platinum salts, or a 
PARP inhibitor, bone metastases only, or had not recovered 
to grade ≤ 1 for adverse events (AE) per NCI-CTCAE. The 
study was approved by the local and national ethics com-
mittees and conducted in accordance with the Declaration 
of Helsinki and the International Conference on Harmoni-
zation Good Clinical Practice guidelines. Informed consent 
was obtained from all individual participants included in the 
study (NCT01045304).

Study design

This open-label, randomized phase II study used a “pick-the-
winner” design [16] to choose between two administration 
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regimens. It was performed in 20 centers in Europe and Aus-
tralia between February 2010 and November 2012. Patients 
were randomized via an interactive voice response system to 
receive gemcitabine-carboplatin with iniparib administered 
either weekly (GC+w-iniparib) or twice-weekly (GC+tw-
iniparib) in a 1:1 ratio, with stratification based on prior 
chemotherapy lines for metastatic disease (none versus one 
or two). The primary objective was to determine the ORR 
with each schedule. To compensate for lack of blinding and 
prevent any bias in assessment of clinical benefit, an Inde-
pendent Radiology Review Committee blinded to the treat-
ment reviewed responses. Safety was reviewed by a steering 
committee. When the study reached the predefined primary 
endpoint, the protocol was amended to allow patients to con-
tinue iniparib in an extension protocol.

Treatment

Gemcitabine was administered at 1000 mg/m2 as a 30-min 
intravenous infusion and carboplatin AUC2 as a 60-min 
intravenous infusion, on days 1 and 8 of a 3-week cycle. Ini-
parib was administered as a 1-h intravenous infusion either 
weekly (days 1 and 8) at 11.2 mg/kg, or twice-weekly (days 
1, 4, 8 and 11) at 5.6 mg/kg, giving a total dose of 22.4 mg/
kg iniparib per cycle in both arms. Dose reductions for gem-
citabine or carboplatin and a maximum 2-week treatment 
delay were implemented in the event of toxicity.

Clinical evaluations

Tumor assessment was performed at baseline then every two 
cycles. Response was evaluated according to RECIST by 
the Independent Radiology Review Committee, based on 
blinded central review of scans, although the decision on the 
patient’s treatment was based on local assessment. Complete 
and partial responses required confirmation at least 4 weeks 
after initial documentation. Patients without a valid post-
baseline tumor assessment were considered non-responders. 
Safety was assessed per AEs (NCI-CTCAE v 4.0), changes 
in vital signs, physical examinations, laboratory tests, elec-
trocardiogram, and performance status. Laboratory tests 
were performed on days 1 and 8 of every cycle.

Pharmacokinetics

Pharmacokinetic sampling was planned in at least 15 patients 
per arm using 3-mL blood samples collected in heparinized 
tubes. For cycle 1, samples were collected for the first and 
last iniparib administration (day 8 for once-weekly and day 
11 for twice-weekly), at pre-infusion, 30 min after the start 
of infusion, immediately prior to the end of the 60-min infu-
sion, and 20, 40, and 60 min then 2, 4, and 9 h post-infusion. 
For cycle 2, samples were collected pre-infusion, 30 min 

after the start of infusion and immediately prior to the end 
of the 60-min infusion. For the twice-weekly regimen, addi-
tional samples were collected on day 4, pre-infusion and 
immediately prior to the end of the 60-min infusion.

Plasma concentrations of iniparib and its metabolites 
4-iodo-aminobenzamide (IABM) and 4-iodo-3-amino-
benzoic acid (IABA) were measured. Although inactive, 
the two metabolites were measured as they are products 
of the postulated reductive metabolic pathway of iniparib 
[17]. Concentrations were measured using a validated liquid 
chromatograph–tandem mass spectrometry method, using 
a 0.2 mL EDTA-containing plasma sample by separation 
on a 3-micron reversed phase LC column with detection by 
turbo-spray ESI positive ion mass spectrometry. Carbon-13 
labeled standards of iniparib, IABM and IABA were used 
as internal standards. The lower limit of quantitation was 
1 μg/mL for iniparib and 0.4 μg/mL for IABM and IABA.

Pharmacokinetic parameters of iniparib, IABM, and 
IABA were determined by non-compartmental analysis, 
and included maximum observed concentration (Cmax), time 
to maximum observed concentration (tmax), area under the 
curve from time 0 to infinity (AUC), terminal half-life, vol-
ume of distribution at steady-state, and plasma clearance.

Statistical analyses

Using the “pick-the-winner” selection design, the sample 
size was determined on the basis of the 48% ORR observed 
in the interim analysis of the preceding phase II study evalu-
ating combined gemcitabine and carboplatin with the twice-
weekly schedule of iniparib in metastatic TNBC patients 
[14]. With 80 patients per treatment arm, the design pro-
vided 88% power to identify the superior regimen (if any), 
defined as the regimen with an absolute gain in ORR of at 
least 10% over the other regimen.

Efficacy variables were analyzed in the intent-to-treat 
(ITT) population (all randomized patients). The safety popu-
lation included all randomized patients who received at least 
one (even incomplete) dose of study treatment. The cutoff 
date for efficacy analyses was 12 months after the first dose 
of the last patient treated.

The primary endpoint was ORR as assessed by the Inde-
pendent Radiology Review Committee, defined as the pro-
portion of patients with confirmed responses. Secondary 
efficacy endpoints were PFS, CBR and OS. PFS was the 
time from randomization until progression or death. Patients 
without progression or who were alive were censored at the 
last valid tumor assessment before the cutoff. CBR was the 
proportion of patients with confirmed complete response, 
partial response or stable disease after 24 weeks. OS was 
defined as the time from randomization until death. Surviv-
ing patients were censored at the last date the patient was 
known to be alive or the cutoff date, whichever was first. No 
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formal statistical comparison of efficacy variables between 
the two arms was conducted as per study design. The pri-
mary efficacy endpoint and the CBR were estimated for each 
arm, and the exact two-sided 95% confidence interval (CI) 
was calculated by normal approximation. PFS and OS were 
analyzed with the Kaplan–Meier method.

Results

From February 2010 to December 2010, 163 patients 
were randomized, 82 to the GC+w-iniparib arm and 81 to 
the GC+tw-iniparib arm. One patient randomized to the 
GC+tw-iniparib arm was not treated due to thrombocyto-
penia and was excluded from the safety analyses. Pharma-
cokinetic samples were collected from 35 GC+w-iniparib 
patients (42.7%) and 34 GC+tw-iniparib patients (42.0%). 

Patient disposition is shown in Fig. 1. All patients had dis-
continued from the study at the cutoff. Two patients (one 
in each arm) with clinical benefit at this time started the 
extension protocol.

Patient demographics and disease characteristics were 
generally well balanced between the two arms (Table 1). 
All but two patients (98.8%) had an ECOG of 0 or 1. All 
patients had a confirmed pathological diagnosis of TNBC. 
At least 80% of patients in both arms had tumors that were 
completely negative for ER and/or PR, and all other tumors 
exhibited < 10% immunostaining for ER and/or PR. Only 
4% of patients in the GC+tw-iniparib and 10% of patients 
in the GC+w-iniparib arms were HER2 IHC 2 + and FISH 
negative. The predominant histological subtype was infiltrat-
ing ductal carcinoma (150 patients; 92.0%). Nine patients 
presented with metastatic disease (without prior metastatic 
treatment), while all other patients had progressed following 

Fig. 1  Patient disposition flow-
chart. GC+w-iniparib: iniparib 
administered weekly in combi-
nation with gemcitabine/carbo-
platin. GC+tw-iniparib iniparib 
administered twice-weekly in 
combination with gemcitabine/
carboplatin

Enrollment

Allocation

Follow-up

Analysis

Assessed for eligibility (n= 187)

Randomized (n= 163)

Excluded (n= 24)

• Not meeting inclusion criteria (n= 20)

• Meeting exclusion criteria (n= 4)

Allocated to GC+tw-iniparib (n= 81)

• Received GC+tw-iniparib (n= 80)

• Not treated, thrombocytopenia (n= 1)

Allocated to GC+w-iniparib (n= 82)

• Received GC+w-iniparib (n= 82)

• Not treated (n= 0)

Lost to follow-up (n= 0)

Discontinued intervention (n= 80)

• Disease progression (n = 66)

• Adverse event (n= 4)

• Poor compliance (n= 0)

• Other (n= 10)

Lost to follow-up (n= 0)

Discontinued intervention (n= 82)

• Disease progression (n = 68)

• Adverse event (n= 5)

• Poor compliance (n= 1)

• Other (n= 8)

Analyzed ITT (n = 81)

Safety population (n = 80)

Evaluable population (n = 77)

Pharmacokinetics (n = 34)

Analyzed ITT (n = 82)

Safety population (n = 82)

Evaluable population (n = 75)

Pharmacokinetics (n = 35)
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previous adjuvant/neo-adjuvant treatment or prior chemo-
therapy for metastatic TNBC. Approximately two-thirds 
of the patients (69.3%) had at least two organs involved at 
baseline, including the primary site. Lung metastases were 
15% more frequent in patients in the GC+tw-iniparib arm 
(59.3% vs. 43.9%, respectively).

Thirty-three patients (40.7%) in the GC+tw-iniparib 
arm and 35 (42.7%) in the GC+w-iniparib arm were rand-
omized into the strata “no prior chemotherapy for metastatic 

disease”. Prior neo-adjuvant/adjuvant systemic therapy was 
considered prior chemotherapy for metastatic disease if the 
first relapse occurred within 1 year after the last treatment, 
and was reported in 36 patients in the GC+tw-iniparib arm 
and 31 patients in the GC+w-iniparib arm. Eight (9.9%) 
patients in the GC+tw-iniparib arm and nine (11.0%) in the 
GC+w-iniparib arm were randomized into the wrong strata. 
Approximately 25% of patients in each arm had received 
prior bevacizumab.

Table 1  Patient and disease 
characteristics

GC+w-iniparib iniparib weekly with gemcitabine/carboplatin, GC+tw-iniparib iniparib twice-weekly with 
gemcitabine/carboplatin
a One patient was randomized 3 days after the end of last therapy

GC+w-iniparib (N = 82) GC+tw-iniparib (N = 81)

Age in years, median (range) 49.5 (27–76) 48 (32–78)
Menopausal, N (%) 53 (64.6%) 49 (60.5%)
ECOG performance status, N (%)
 0 45 (54.9%) 51 (63.0%)
 1–2 37 (45.1%) 30 (37.0%)

Hormone receptor status, N (%)
 Triple-negative 82 (100%) 80 (100%)
 Estrogen receptor
  < 10% 82 (100%) 80 (100%)
  < 1% 65 (79.3%) 69 (86.3%)
 Progesterone receptor
  < 10% 80 (97.6%) 80 (100%)
  < 1% 70 (85.4%) 72 (90.0%)

Human epidermal growth factor 2
 IHC (0,1 +) 70 (85.4%) 76 (95.0%)
 IHC 2 + and FISH- 8 (9.8%) 3 (3.8%)
 IHC missing and FISH- 4 (4.9%) 1 (1.3%)

Number of organs involved, N (%)
 1 29 (35.4%) 21 (25.9%)
 2 25 (30.5%) 29 (35.8%)
 3 12 (14.6%) 17 (21.0%)

 ≥ 4 16 (19.5%) 14 (17.3%)
Metastatic sites
 Lymph nodes 40 (48.8%) 35 (43.2%)
 Lungs 36 (43.9%) 48 (59.3%)
 Liver 31 (37.8%) 34 (42.0%)
 Bone 22 (26.8%) 15 (18.5%)
 Brain 9 (11.0%) 6 (7.4%)
 Skin 5 (6.1%) 6 (7.4%)

Prior chemotherapy for metastatic disease, N (%)
 0 lines 35 (42.7%) 33 (40.7%)
 1–2 lines 47 (57.3%) 48 (59.3%)
 Advanced only 8 (10.0%) 3 (4.1%)
 Adjuvant/neoadjuvant only 48 (60.0%) 48 (64.9%)
 Adjuvant/neoadjuvant plus advanced 24 (30.0%) 23 (31.1%)

Time in months from last therapy to randomiza-
tion, median (range)

7.44 (0.4–77.2) 7.77 (−0.1a to 50.3)
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A total of 134 (82.2%) patients discontinued treat-
ment due to disease progression. Nine patients discon-
tinued due to an AE, five (6.1%) in the GC+w-iniparib 
arm and four (4.9%) in the GC+tw-iniparib arm. Other 
reasons for treatment discontinuation included withdrawal 
of consent (three GC+w-iniparib, one GC+tw-iniparib), 
clinical disease progression (three GC+tw-iniparib), com-
plete response (three GC+tw-iniparib) or stable disease 
(one GC+tw-iniparib), no benefit (two GC+w-iniparib), 
maximal gemcitabine–carboplatin effect observed (one 

GC+tw-iniparib), investigator decision (one GC+tw-ini-
parib), and poor compliance (one in each arm).

Efficacy

Response and survival data are presented in Table 2. The 
median follow-up was 12.2 months. In the ITT population, 
the ORR was 34.1% (95% CI 23.9–44.4%) in the GC+w-
iniparib arm and 29.6% (95% CI 19.7–39.6%) in the GC+tw-
iniparib arm. As expected, ORR by randomization stratum 
was higher in the no previous chemotherapy compared with 

Table 2  Efficacy response, ITT patients

GC+w-iniparib iniparib weekly with gemcitabine/carboplatin, GC+tw-iniparib iniparib twice-weekly with gemcitabine/carboplatin
a 95% confidence intervals estimated by normal approximation
b Complete + partial responses + stable disease ≥ 24 weeks

GC+w-iniparib GC+tw-iniparib

Best overall response N = 82 N = 81
 Complete response, N (%) 1 (1.2%) 2 (2.5%)
 Partial response, N (%) 27 (32.9%) 22 (27.2%)
 Stable disease, N (%) 38 (46.3%) 36 (44.4%)
 Progressive disease, N (%) 13 (15.9%) 20 (24.7%)
 Not evaluable/missing data, N (%) 3 (3.7%) 1 (1.2%)

Overall response, N (%) 28 (34.1%) 24 (29.6%)
 95%  CIa 23.9–44.4% 19.7–39.6%

Clinical  benefitb, N (%) 34 (41.5%) 26 (32.1%)
 95%  CIa 30.8–52.1% 21.9–42.3%

No prior chemotherapy for mTNBC N = 35 N = 33
Overall response, N (%) 16 (45.7%) 12 (36.4%)
 95%  CIa 29.2–62.2% 20.0–52.8%

Clinical  benefitb, N (%) 20 (57.1%) 13 (39.4%)
 95%  CIa 40.7–73.5% 22.7–56.1%

1–2 prior lines of chemotherapy for mTNBC N = 47 N = 48
Overall response N (%) 12 (25.5%) 12 (25.0%)
 95%  CIa 13.1–38.0% 12.8–37.3%

Clinical  benefitb, N (%) 14 (29.8%) 13 (27.1%)
 95%  CIa 16.7–42.9% 14.5–39.7%

Progression-free survival (PFS) N = 82 N = 81

 Patients with PFS event, N (%) 57 (69.5%) 57 (70.4%)
  Documented disease progression, N (%) 55 (67.1%) 56 (69.1%)
  Death without progression, N (%) 2 (2.4%) 1 (1.2%)

 Patients censored, N (%) 25 (30.5%) 24 (29.6%)
  No progression and no death, N (%) 7 (8.5%) 8 (9.9%)
  New anti-cancer treatment, N (%) 16 (19.5%) 14 (17.3%)
  Death or progression after > 1 missed tumor assessment, N (%) 2 (2.4%) 2 (2.5%)

 Median PFS in months (95% CI) 5.5 (4.2–5.7) 4.3 (3.0–5.8)

Overall survival (OS) N = 82 N = 81

 Patients with OS event, N (%) 51 (62.2%) 50 (61.7%)
 Patients censored, N (%) 31 (38.3%) 31 (38.3%)
 Median OS in months (95% CI) 12.6 (10.6–17.2) 12.4 (10.6–16.0)
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the one or two previous lines of chemotherapy setting. For 
patients with no previous chemotherapy, ORR was 45.7% 
(95% CI 29.2–62.2%) in the GC+w-iniparib and 36.4% (95% 
CI 20.0–52.8%) in the GC+tw-iniparib. For patients in sec-
ond or third-line setting, ORR was lower, being approxi-
mately 25% in both arms.

For CBR, the difference between the two arms was 17.7% 
favoring the GC-w-iniparib arm. Overall, 70% of patients 
had a PFS event. Median PFS was 5.5 months (95% CI 
4.2–5.7 months) and 4.3 months (95% CI 3.0–5.8 months) 
in the GC+w-iniparib and GC+tw-iniparib arms, respec-
tively (Table 2, Fig. 2). OS was similar in the two arms at 
cutoff, with 62.2% and 61.7% deaths, and median OS of 
12.6 months (95% CI 10.6–17.2) and 12.4 months (95% 
CI 10.6–16.0 months) in the GC+w-iniparib and GC+tw-
iniparib arms, respectively (Table 2).

Pharmacokinetics

Summary pharmacokinetic parameters for iniparib, IABM 
and IABA are shown in Table 3. Mean AUC of IABM 
was < 1% of iniparib AUC and of IABA was ≤ 2.5%.  Cmax 
and exposure for iniparib and its metabolites increased 
approximately two-fold with the dose of 11.2 mg/kg once-
weekly compared to the 5.6 mg/kg dose twice-weekly. There 
was no accumulation in exposure on day 8 or day 11, and for 
the twice-weekly arm, the plasma concentrations at end of 
the infusion on day 4 were similar to those on day 1. Total 
exposure did not differ between the schedules at each cycle. 

Maximum plasma concentrations of iniparib were generally 
reached between 30 and 60 min after the infusion start and 
decreased rapidly when the infusion stopped. The terminal 
elimination half-life for iniparib as measured by the geo-
metric mean was generally a little shorter than that observed 
with the arithmetic mean, at 0.32 h and 0.61 h for cycle 
1, day 1 of the twice-weekly cohort and 0.43 h and 0.62 h 
for the once-weekly cohort. The arithmetic and geometric 
means of the terminal half-lives for the metabolites were 
similar, and approximately 1 h for IABM and 1 h 50 min for 
IABA. Iniparib pharmacokinetic parameters for cycle 2 (first 
and last day) as well as cycle 1 day 4 (twice-weekly) were 
similar to those of cycle 1 day 1. The plasma concentrations 
of both inactive metabolites were generally less than 1% of 
the parent drug (data not shown).

Safety

Safety was analyzed in the 162 treated patients. A median 
of six cycles were administered in both arms (range: 
1–40 for GC+w-iniparib, and 1–31 for GC+tw-iniparib). 
For both arms, relative drug intensity for gemcitabine 
was > 69%, > 71% for carboplatin, and > 92% for iniparib and 
there were no clinically meaningful differences in exposure 
between the two arms for any drug.

Toxicity profiles were similar for the two arms (Table 4). 
Most patients had at least one grade 3 or 4 event (86.6% 
of GC+w-iniparib and 93.3% of GC+tw-iniparib). Hema-
tologic toxicity was widespread, with approximately 77% 

Fig. 2  Kaplan–Meier estimates 
of progression-free survival for 
the two iniparib schedules in the 
ITT population. GC+w-iniparib 
iniparib administered weekly in 
combination with gemcitabine/
carboplatin. GC+tw-iniparib 
iniparib administered twice-
weekly in combination with 
gemcitabine/carboplatin. At 3, 
6, 9, 12 and 15 months, PFS 
probabilities (95% confidence 
intervals) were 0.7 (0.59–
0.79), 0.36 (0.25–0.48), 0.26 
(0.16–0.37), 0.17 (0.08–0.28) 
and 0.17 (0.08–0.28) with 
GC+w-iniparib, and 0.63 (0.51–
0.73), 0.38 (0.26–0.49), 0.27 
(0.17–0.39), 0.21 (0.12–0.32) 
and 0.08 (0.02–0.2) with 
GC+tw-iniparib
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patients having grade 3–4 events, in particular neutropenia 
(70% GC+w-iniparib patients, 72% GC+tw-iniparib) includ-
ing four GC+w-iniparib and two GC+tw-iniparib patients 
with febrile neutropenia. Asthenia/fatigue and gastrointes-
tinal toxicities were frequent. Nausea, fatigue, vomiting, 
decreased appetite, myalgia, and urinary tract infections 
were more frequent in GC+tw-iniparib patients, while asthe-
nia was more frequent with GC+w-iniparib.

Fatal AEs were reported in three patients, one of which 
was considered treatment-related (acute respiratory distress 
syndrome in a GC+w-iniparib patient). AEs requiring treat-
ment discontinuation were lung infection and anemia, acute 
respiratory distress syndrome, neutropenia, asthenia, and 
thrombocytopenia (GC+w-iniparib) and thrombocytopenia, 
acute generalized exanthematous pustulosis, tumor embo-
lism, and paresthesia (GC+tw-iniparib).

Discussion

The twice-weekly iniparib schedule used in the initial phase 
II and phase III studies [14, 15] is very inconvenient, requir-
ing four clinic visits for two weeks out of three. We thus 
decided to conduct the current study with a once-weekly 
regimen to determine if the same dose intensity of iniparib 
administered once weekly, gives a similar ORR without 
additional toxicity as the twice-weekly administration. The 

ORR was 34.1% and 29.6% in the once-weekly and twice-
weekly iniparib arms, respectively, with the ORR in the 
once-weekly iniparib arm numerically superior to the twice-
weekly iniparib arm. The pick-the-winner design was chosen 
to select between the two administration schedules, allowing 
statistical goals to be addressed while maintaining a rela-
tively small sample size. Nonetheless this study design is not 
intended for formal hypothesis testing or endpoint compari-
son [18]. The ORRs observed in this trial are very similar to 
the 33.7% observed in the phase III trial with iniparib twice-
weekly 5.6 mg/kg iniparib in a similar patient population 
[15]. However the ORR observed in the initial randomized 
phase II with twice-weekly iniparib was considerably higher 
[14]. This difference is difficult to explain since the patient 
populations appear similar. One possible explanation could 
be that in this and the phase III trials, response was centrally 
assessed whereas investigator assessment was used in the 
initial randomized phase II. Another possible explanation is 
the relatively small number of patients treated with iniparib 
in the initial phase II study (N = 61).

Overall, AEs reported with the triplet iniparib combi-
nation were consistent with those of the backbone chemo-
therapy. The safety profile of iniparib combined with gem-
citabine and carboplatin was similar across treatment arms 
in terms of severity (grade 3–4) and outcomes. A slight 
increase was noted in the frequency of grade 1 and 2 AEs 
with the twice-weekly iniparib regimen compared with the 

Table 3  Iniparib and metabolite pharmacokinetic parameters (cycle 1)

CV % coefficient of variation
a Tmax presented as median values

Schedule Day N Iniparib, mean (CV%)

Tmax (h)a Cmax (ng/mL) AUC (ng h/mL) T1/2 (h)

Twice-weekly (5.6 mg/kg) 1 34 0.92 2190 (42%) 2060 (34%) 0.65 (146%)
11 32 0.92 2410 (56%) 2420 (68%) 1.4 (139%)

Once-weekly (11.2 mg/kg) 1 34 0.69 3820 (41%) 4160 (119%) 0.92 (136%)
8 33 0.58 3790 (44%) 3610 (36%) 1.32 (121%)

Schedule Day N IABM, mean (CV%)

Tmax (h)a Cmax (ng/mL) AUC (ng h/mL) T1/2 (h)

Twice-weekly (5.6 mg/kg) 1 34 1.0 7.52 (49%) 14.1 (49%) 0.82 (26%)
11 32 1.0 8.30 (51%) 15.9 (40%) 0.98 (33%)

Once-weekly (11.2 mg/kg) 1 35 1.0 16.0 (47%) 27.6 (32%) 0.84 (31%)
8 33 1.0 15.9 (46%) 27.3 (37%) 0.85 (21%)

Schedule Day N IABA, mean (CV%)

Tmax (h)a Cmax (ng/mL) AUC (ng h/mL) T1/2 (h)

Twice-weekly (5.6 mg/kg) 1 34 1.3 13.1 (63%) 38.9 (52%) 1.8 (22%)
11 32 1.3 13.2 (58%) 41.4 (51%) 1.9 (36%)

Once-weekly (11.2 mg/kg) 1 35 1.3 30.9 (54%) 92.5 (62%) 1.8 (21%)
8 33 1.3 31.8 (44%) 91.0 (43%) 1.8 (25%)
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once-weekly administration, although this could be attrib-
uted to the more frequent visit schedule in the former cohort.

Plasma concentrations of iniparib and its metabolites 
IABM and IABA increased dose proportionally with the 
once-weekly 11.2 mg/kg dose compared to the twice-weekly 
5.6 mg/kg dose. Consistent with the short half-lives of ini-
parib and its inactive metabolites IABM and IABA, there 
was no drug accumulation. Plasma concentrations of both 
metabolites were low compared to iniparib concentrations. 
Iniparib is cleared extensively metabolically, mostly through 
glutathione de-activation [19]. The doubling of  Cmax due 
to the higher dose in the once-weekly arm compared to the 
twice-weekly arm, did not result in a difference in safety or 
efficacy endpoints between the two arms.

In summary, the equivalence of the efficacy and safety 
results for the two iniparib schedules that were observed 
in this study, combined with the clinically more logisti-
cally suitable weekly administration (with a consequently 
reduced visit frequency), support the use of once-weekly ini-
parib with a gemcitabine/carboplatin dosing regimen in any 

future clinical trials evaluating iniparib. This study shows 
the relevance of pharmacology-oriented clinical studies in 
support of the proper design of large clinical trials focusing 
on efficacy.
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