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Abstract

Background—Iniparib is a prodrug that converts to highly reactive cytotoxic metabolites 

intracellularly with activity in preclinical glioma models. We investigated the maximum tolerated 

dose (MTD) of iniparib with monthly (m) and continuous (c) temozolomide (TMZ) dosing 

schedules in patients with malignant gliomas (MG).

Methods—Adults with newly diagnosed MG who had successfully completed ≥ 80% of 

radiation (RT) and TMZ without toxicity received mTMZ dosing (150-200 mg/m2 days 1-5/28 

days) or cTMZ dosing (75 mg/m2/d × 6weeks) in conjunction with iniparib (i.v. 2 days/wk) in the 

adjuvant setting. Iniparib was dose escalated using a modified continual reassessment method 

(mCRM).

Results—43 patients (32 male; 34 GBM, 8 AA, 1 gliosarcoma; median age 54 yrs; median KPS 

90) were enrolled across 4 dose levels. In the mTMZ group, 2/4 patients had dose limiting 

toxicities (DLT) at 19mg/kg/week (rash/hypersensitivity). At 17.2mg/kg/week, 1/9 patients had a 

DLT (grade 3 fatigue). Additional grade 3 toxicities were neutropenia, lymphopenia, and nausea. 

In the cTMZ group, one DLT (thromboembolic event) occurred at 10.2mg/kg/wk. Dose escalation 

stopped at 16mg/kg/week based on mCRM. The mean maximum plasma concentration of iniparib 

increased with dose. Concentration of the two major circulating metabolites, 4-iodo-3-

aminobenzamide and 4-iodo-3-aminobenzoic acid, was ≤ 5% of the corresponding iniparib 

concentration.

Conclusions—Iniparib is well tolerated, at doses higher than previously investigated, in 

combination with TMZ after completion of RT + TMZ in patients with MG. Recommended phase 

2 dosing of iniparib based on mCRM is 17.2mg/kg/wk with mTMZ and 16mg/kg/wk with cTMZ. 
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An efficacy study of TMZ/RT + iniparib followed by TMZ + iniparib in newly diagnosed GBM 

using these doses has completed enrollment. Survival assessment is ongoing.
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Introduction

The survival advantage demonstrated with the addition of temozolomide (TMZ) to radiation 

therapy (RT) for patients with newly diagnosed glioblastoma (GBM) changed the 

therapeutic landscape by demonstrating that survival can be enhanced with drug strategies 

and identifying the therapeutic target of the O6-methylguanine-DNA methyltransferase 

(MGMT) repair enzyme [1-3]. As a result, intense effort has gone into developing therapies 

that complement RT/TMZ without introducing additive systemic and central nervous system 

(CNS) toxicity.

Iniparib (4-iodo-3-nitrobenzamide) is a prodrug initially thought to be a poly (ADP-ribose) 

polymerase (PARP) 1 inhibitor [4, 5]. However, an unexpectedly favorable toxicity profile 

and variable activity in cells with mismatch repair defects raised questions about its 

mechanism of action [6, 7]. Ultimately, iniparib was shown to not directly inhibit PARP-1 at 

clinically relevant concentrations [6, 8]. Rather, it appears that it forms non-specific adducts 

with cysteine residues in many proteins, including PARP-1 [8, 9]. Specifically, iniparib is a 

prodrug with a nitro group that is converted to its active metabolite by components in the 

Nrf2-mediated antioxidant response pathway. The metabolite uncouples electron transport 

from oxidative phosphorylation, leading to the production of reactive oxygen species (ROS) 

at cytotoxic levels and to the binding to cysteine residues on enzymes critical for REDOX, 

including thioredoxin reductase (TrxR) [9, 10].

In glioma cell lines and human glioma xenografts, iniparib potentiates the cell cycle effects 

of both RT and TMZ resulting in complete tumor regression in 70% of animals [5]. 

Importantly, there is evidence that iniparib accesses the CNS based on human cerebrospinal 

fluid samples and brain tissue concentrations [5, 11]. This data paired with the observation 

that iniparib (alone or in combination with various cytotoxic drugs) is well tolerated in 

patients with other solid tumors raised interest in iniparib as a strategy to enhance the 

efficacy of RT/TMZ in patients with GBM.

The primary objectives of this study were to estimate the maximum tolerated dose (MTD) 

and describe the safety profile of iniparib given in combination with two dosing schedules of 

TMZ (monthly high dose versus continuous low dose) in order to simulate the dosages of 

TMZ that iniparib would be given with if advanced to an efficacy study in patients with 

newly diagnosed GBM [1]. In order to avoid potential confounding toxicity from RT in 

combination with iniparib and TMZ, the dose escalation of iniparib was assessed in the 

adjuvant setting in patients with newly diagnosed MG who had successfully completed RT/

TMZ.
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Patients and methods

This study was sponsored by the Cancer Therapy Evaluation Program (CTEP) of the 

National Cancer Institute (NCI) and conducted by the Adult Brain Tumor Consortium 

(ABTC). The protocol was approved by the institutional review board of each participating 

institution. All patients provided written informed consent as a condition for participating in 

the study. Patients eligible for enrollment met the following criteria: ≥18 years old, 

histologically proven newly diagnosed MG (AA, AO, GBM), completion of ≥80% of 

prescribed RT/TMZ without grade 3 or 4 toxicity. Additional enrollment requirements 

included: absolute neutrophil count ≥1,500/μL; platelet count ≥100,000/μL; serum 

creatinine≤1.7-mg/dL; total bilirubin ≤1.5-mg/dL; aspartate and alanine aminotransferase ≤4 

times the upper limit of normal; stable dexamethasone dose for ≥5 days prior to enrollment; 

Karnofsky Performance Status (KPS) ≥ 60%; and a Mini Mental State Examination 

(MMSE) score ≥15. Exclusion criteria included: enzyme inducing antiepileptic medications; 

malignancy within 5 years; pregnant or nursing women; serious concurrent medical 

condition or other condition that would compromise safety or compliance. Agreement to 

practice adequate birth control methods was required.

Treatment Plan

This was an open-label, multi-center, study to estimate the MTD of iniparib administered in 

combination with two different dosing schedules of TMZ: monthly dose TMZ (mTMZ) and 

continuous TMZ (cTMZ) in patients with newly diagnosed MG. Both dosing schedules were 

started in the adjuvant setting after patients had completed standard concurrent RT/TMZ. 

Patients were assigned to cTMZ or mTMZ by sequential allocation. Patients in the mTMZ 

group were prescribed TMZ 150 mg/m2 in cycle 1 and 200 mg/m2 in cycles 2-6 on days 1-5 

of each of six 4-week cycles. Patients in the cTMZ group were given oral TMZ 75 mg/m2 

daily for 6 weeks of each of three 10-week cycles. Iniparib plus TMZ was started 28-49 days 

after completion of RT/TMZ.

Iniparib was provided by Sanofi Pharmaceuticals, Inc. (Cambridge, MA) and administered 

intravenously (IV) on two consecutive days weekly (weeks 1-4 with mTMZ or weeks 1-6 

with cTMZ) beginning with day 1 of TMZ. The starting dose was 5.1 mg/kg based upon 

prior solid tumor trials [12-14]. If a patient had to stop one drug for any reason, they stopped 

both. The use of antiemetics and pneumocystis jirovecii prophylaxis was at the discretion of 

the treating physician.

Evaluations

Baseline evaluations included brain magnetic resonance imaging (MRI), medical history and 

examination; MMSE; KPS; complete blood count (CBC); serum chemistry profile; and 

pregnancy test when appropriate. After initiating treatment, CBC and adverse event (AE) 

reports were obtained weekly; vital signs and serum chemistries were obtained before each 

cycle. Brain MRI, clinical examination, and KPS were repeated every other cycle.

For patients without tumor progression or toxicity, treatment with iniparib and TMZ were 

continued for a total of 6 cycles (mTMZ group) or 3 cycles (cTMZ group). Progression was 
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defined as: (1) greater than 25% increase in tumor on MRI with deteriorating neurologic 

status on a stable or increasing dose of steroids, (2) new lesion on MRI, (3) worsening 

neurologic function not explained by non-tumor causes (e.g. seizure, drugs, laboratory 

abnormalities, or confirmed treatment effect) [15]. Patients stopped treatment in the setting 

of progression, toxicity, noncompliance, or if the patient chose to discontinue treatment for 

any reason. Time to progression data was collected for the duration of treatment (6 months). 

All patients were followed for survival calculated from the date of diagnosis until death from 

any cause.

Dose Escalation

A modified continual reassessment method (mCRM) was used to estimate the MTD [16-18]. 

Five patients were treated at each dose level. Evaluation of toxicity for dose escalation was 

performed when 3/5 patients completed the observation window. Dose escalation proceeded 

until ≥33% DLT rate. The maximum increase in the dose was limited to 50% of the prior 

dose level. The MTD was defined when two recommended doses based on mCRM were 

within 10% of one another. An additional five patients in each group were entered at the 

putative MTD to confirm DLT rate.

AEs were recorded using the Common Terminology Criteria for Adverse Events (CTCAE) 

version 4.0. DLTs were defined as grade 3-4 non-hematological toxicities (excluding nausea/

vomiting without antiemetic prophylaxis; grade ≤ 3 radionecrosis; and ≤ 3 neurologic 

toxicity responding to steroids, anticonvulsants, or electrolyte correction) and hematologic 

toxicities including: (a) ANC ≤ 500/mm3, (b) Platelets ≤ 25,000/mm3; (c) WBC < 1000/

mm3. Any drug-associated toxicity that prevented administration of ≥ 80% of the planned 

TMZ and iniparib doses for the first cycle was also a DLT. Patients were taken off of 

treatment if they had a DLT that caused a delay in treatment of ≥ 21 days in the mTMZ 

group or ≥ 7 days in the cTMZ.

The AE observation window was two treatment cycles (56 days) for mTMZ patients and 10 

weeks for the cTMZ group. All patients who had one dose of iniparib were evaluable for 

DLT. After completion of the observation window, all data was modeled with a logistic dose 

response function based on DLT to calculate the dose associated with a toxicity rate ≤33%.

Dose reductions were permitted for iniparib and mTMZ in the setting of a DLT. A total of 

two dose reductions of iniparib were permitted before off-treatment. For patients in the 

mTMZ group, TMZ dose reductions to a minimum of 100mg/m2 were permitted for > grade 

2 non-hematological toxicity or platelets < 50,000/μL (50.0 × 109/L), ANC < 1000/μL (1.0 × 

109/L) or WBC < 2000/μL (2.0 × 109/L) related to TMZ in the prior cycle. No dose 

reductions were allowed in the cTMZ group. DLTs were assigned as possibly, probably or 

definitely related to iniparib and/or TMZ.

Pharmacokinetic Studies

Maximum concentration (Cmax) of iniparib and its two major circulating metabolites, 4-

iodo-3-aminobenzamide (IABM) and 4-iodo-3-aminobenzoic acid (IABA) were assessed in 

plasma samples obtained before dosing and within 5 min of infusion end for the first two 

and last doses of cycle 1 and the first and last dose of cycle 2. This timing was selected as 
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prior human pharmacokinetic studies revealed that iniparib is cleared from plasma rapidly 

with a biological half-life of roughly 10-20 min (unpublished observations courtesy of 

Sanofi). Hence, pharmacokinetic sampling was designed to assess the Cmax of iniparib and 

its major markers of circulating metabolites (IABM and IABA) at the end of the infusion to 

indirectly assess prodrug activation.

At each sample time, peripheral venous blood (7 mL) was collected in potassium EDTA 

tubes and promptly chilled in wet ice until centrifuged (within 30 min). The plasma was 

removed and stored at -70°C until analyzed by high performance liquid chromatography 

with tandem mass spectrometry by Intertek Analytical Services (El Dorado Hills, CA). The 

lower limit of quantitation of the analytical method was 1.0 ng/mL for iniparib and 0.40 

ng/mL for IABM and IABA. Acceptability criteria for study samples were: (1) the i.v. 

infusion of iniparib was completed within 60 ± 5 min; and (2) samples were collected within 

± 5 min of infusion end. Geometric means were calculated from all peak concentrations of 

the three analytes that satisfied the acceptability criteria at each dose level, with the SD 

estimated by the jackknife technique.

Statistical Considerations

The primary objective of this study was to define the MTD of iniparib given concurrently 

with two dosing regimens of TMZ (cTMZ and mTMZ) in patients with newly diagnosed 

MG who had completed RT + TMZ. Dose escalation was determined based on the mCRM 

[17]. The mCRM is a model base approach for dose finding with a pre-specified logistic 

dose-toxicity relationship and a pre-defined probability of DLT. The MTD was estimated at 

a target DLT rate of 33%. The study also was designed to assess the overall safety of the 

treatment, to describe the pharmacokinetics of iniparib in combination with TMZ, and to 

estimate overall survival. Descriptive statistics were used to summarize patient 

characteristics, toxicity data, and the pharmacokinetic outcomes. Survival probability was 

estimated using the Kaplan-Meier method [19]. The confidence interval of median survival 

time was constructed by the method of Brookmeyer-Crowley [20]. All analyses were 

conducted using the SAS software (version 9.2, SAS Institute).

Results

Patient Characteristics

Forty-three patients were enrolled between 7/2008 and 11/2010 across 12 centers. All 

patients had undergone surgery and completed RT/TMZ per the EORTC protocol with >80% 

of the prescribed doses completed as per enrollment criteria and full recovery from any 

hematologic toxicity [1]. The median age was 54 years (range 20-74) and the median KPS 

90 (range 70-100). A total of 23 patients were enrolled into the mTMZ group and 20 patients 

into the cTMZ group. The patient characteristics were similar between groups (Table 1).

Toxicity

Overall rates of AE were low with the most common AE across all patients being fatigue 

and low blood counts (Table 2). In the mTMZ group (Table 3), there were no grade 4 

toxicities, but 2 of 4 patients (50%) treated at 9.5mg/kg (19mg/kg weekly dose) developed 
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DLTs including grade 3 rash and grade 3 hypersensitivity. At 8.6mg/kg (17.2mg/kg weekly) 

1/9 patients (11%) had a DLT (grade 3 fatigue) confirming 17.2mg/kg weekly as the MTD 

for iniparib given concurrently with mTMZ. Other toxicities attributed as at least possibly 

related to iniparib across all dose levels in the mTMZ group included grade 3 elevation of 

alanine aminotransferase (1), hyperkalemia (1), neutropenia (1), leukopenia (1) and 

thrombocytopenia (1) (Table 3). Three patients (13%) came off of treatment and 5 (22%) 

required treatment delay due to toxicity in the mTMZ group.

In the cTMZ group, there was one thromboembolic event that met DLT criteria at 

10.2mg/kg/wk reported as possibly related to iniparib. There were otherwise only 2 grade 3 

events related as ≥ possible to iniparib: lymphopenia at 12.2 mg/kg weekly and nausea at 16 

mg/kg weekly (Table 4). One patient had grade 4 leukopenia at the 16 mg/kg/wk, unlikely 

related to iniparib. Interestingly, like the patients in the mTMZ group, there were two 

patients with rash at the 16 mg/kg weekly dose, but only at grade 2 severity. Although only 

one patient came off drug for toxicity in the cTMZ group across all iniparib dose levels, 10 

patients (50%) required treatment delays due to toxicity. Based on the mCRM results, the 

final recommended efficacy doses were iniparib 17.2mg/kg/week when given in 

combination with mTMZ and 16mg/kg/week when given in combination with cTMZ.

Five of the 43 patients (12%) underwent surgery within 30 days of protocol treatment for a 

question of psuedoprogression. Of these, 2 patients had active malignant glioma, 2 had 

mixed treatment effect and glioma and 1 had pure treatment effect. No patients resumed 

treatment after surgery.

Pharmacokinetics

With very few exceptions, iniparib and the two assayed metabolites were undetectable in 

plasma samples collected shortly before starting the infusions subsequent to the initial dose. 

The extent of data from samples satisfying the acceptability criteria did not permit 

meaningful statistical comparisons of mean Cmax values between different infusions in 

patients receiving the same dose or the cTMZ and mTMZ groups. However, visual data 

inspection revealed no obvious indications of a trend in the Cmax of iniparib or the two 

metabolites for the series of infusions given within each dose level or between groups. 

Overall mean values of the Cmax of iniparib and the two metabolites in plasma at each dose 

level are presented in Table 5. The mean (±SD) Cmax of iniparib achieved in patients was 

1,517 ± 987 ng/mL. The relative concentrations of the two metabolites in plasma were 

independent of the iniparib dose and their combined concentrations were less than 5% of the 

corresponding concentration of the parent compound.

Clinical Outcome

Seven patients (30%) in the mTMZ group and 8 patients (40%) in the cTMZ had tumor 

progression on treatment. In these patients, the median time to progression (TTP) for the 

mTMZ group was 3 months (range 2-5 months) from protocol start and 7 months (range 

5-11 months) from diagnosis. The median TTP for the cTMZ group was similarly 3 months 

(range 2-4 months) from protocol start and 6 months (range 5-8 months) from diagnosis. 

Eleven of 23 patients (48%) in the mTMZ group completed all 6 cycles without progression. 
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Eight of 20 (40%) patients in the cTMZ group completed treatment without progression. 

Five patients withdrew consent after enrollment.

Seven of the 43 patients enrolled (16%) are alive an average of 60 months from the start of 

protocol treatment and 65 months from diagnosis. The estimated median OS calculated from 

date of diagnosis across all 43 patients enrolled is 18.9 months (95% CI: 16.2-23.4 months, 

Figure 1).

Discussion

Iniparib had a favorable tolerability and safety profile when combined with both mTMZ and 

cTMZ dosing schedules given in the adjuvant setting in patients with newly diagnosed MG 

who had completed standard RT/TMZ. These two dosing regimens were assessed as they 

comprise the standard TMZ “backbone” for patients with newly diagnosed GBM, with 

cTMZ being given concurrently with RT and mTMZ given in the adjuvant setting. Notably, 

the mCRM resulted in higher recommended doses (17.2mg/kg and 16mg/kg per week) than 

tested in prior solid tumor trials (8-11.2mg/kg/wk) [12-14]. Further, the pharmacokinetic 

data indicate that at the doses identified in this study, the peak plasma Cmax (5.2 μM/L for 

17.2mg/kg/wk and 12.0 μM/L for 16mg/kg/wk) are within the range of IC50 for iniparib 

across a variety of cell lines (3.5-114μM), including the glioma U251 line [5]. 

Unfortunately, we could not assess intratumoral concentrations of iniparib as it is adhesive to 

microdialysis tubing making recovery unreliable and is not well suited for clinical brain 

tissue sampling based on its known pharmacokinetic profile. However, the results of this 

dose finding study indicate that iniparib is well tolerated at doses that have a reasonable 

likelihood of efficacy based on pharmacokinetics and in combination with full dose TMZ.

A concern at study initiation had been the risk of exaggerated hematologic toxicity or brain 

injury in patients with glioma status-post RT/TMZ when iniparib was given in conjunction 

with adjuvant TMZ given iniparib's mechanism of action. Although 53% of patients had a 

hematologic toxicity of any grade or relationship to iniparib, only four patients (9%) had a 

grade 3 hematologic toxicity. The majority of hematologic toxicities were ≤grade 2 and 

related to TMZ, with the mTMZ group having slightly more hematologic events (67) than 

the cTMZ group (44). These rates are similar to other studies in which either mTMZ or 

cTMZ were given as monotherapy in patients with MG [1, 21-23]. Hence, iniparib did not 

appear to influence the tolerability of either mTMZ or cTMZ with overall similar safety and 

tolerability seen across these dosing regimens. Regarding the concern about brain injury 

hypothesized to occur due to enhanced effects of alkylating therapy with iniparib and TMZ, 

only 5 (12%) patients had surgery within 30 days of study drug and of these only 1 patient 

had pure treatment effect. There was no pathological evidence of radionecrosis and no AE 

reported consistent with brain injury. Hence, there was no evidence of a high frequency of 

treatment related brain injury related to iniparib and TMZ.

Finally, although this study was not designed to assess efficacy endpoints based on the study 

population consisting of newly diagnosed patients with a variety of histologies, treated at 

two different dosing schedules of TMZ and various doses of iniparib in this dose finding 

study, the survival data is provocative with a median OS of 19 months (95% CI: 16.2-23.4 
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months) across all patients. In addition, although we did not include response rate as an 

endpoint, the 6 month PFS was 48% for mTMZ and 40% for cTMZ. In addition, as of 

March 2015, the target number of deaths to trigger analysis for the phase 2 efficacy study 

(opened December 2012) has not occurred, suggesting a possible survival benefit. This data 

must be interpreted with caution as several prognostic factors are not known (e.g. MGMT, 

IDH1/2 status and subsequent therapies) for the patients in this study. Moreover, the median 

KPS across all patients was 90 and the study design selected for patients that were clinically 

well enough to meet enrollment criteria after completion of standard RT/TMZ. Both of these 

factors may result in a prognostic advantage. However, the tolerability and hints of efficacy 

are encouraging. The phase 2 study for patients with newly diagnosed GBM using iniparib 

16mg/kg/week added to RT and TMZ and iniparib 17.2mg/kg/week added to adjuvant 

mTMZ for 6 months with a primary endpoint of OS has completed enrollment and the 

results are expected in the near future.
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Table 1
Patient characteristics

mTMZ
1-4 weeks
N=23

cTMZ
1-6 weeks
N=20

Total
N=43

Age – year

 Median 55 50 54

 Range 40--73 19--72 19—73

Gender – no. (%)

 Male 18 (78) 14 (70) 32 (74)

 Female 5 (22) 6 (30) 11 (26)

Karnofsky Performance Status

 Median 90 90 90

 Range 70-100 70-100 70-100

Mini Mental Score

 Median 29 29 29

 Range 16-30 20-30 16-30

Anticonvulsant - no. (%)

 Yes 18 (79) 14 (70) 32 (74)

 No 5 (21) 6 (30) 11 (26)

Diagnosis - no. (%)

 GBM (IV) 18 (78) 16 (80) 34 (79)

 AA (III) 5 (22) 3 (15) 8 (19)

 Gliosarcoma (IV) 1 (5) 1 (2)
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Table 2
All adverse events with relationship of possible, or probable, or definite to iniparib (No. of 
pts had the type of AE >=5)

Adverse Event mTMZ
N=23

No. (% of pts)

cTMZ
N=20

No. (% of pts)

Total
N=43

No. (% of pts)

ALT 6 (30) 6 (14)

Anemia 13 (57) 11 (55) 24 (56)

Constipation 9 (39) 7 (35) 16 (37)

Dizziness 5 (22) 5 (12)

Fatigue 15 (65) 13 (65) 28 (65)

Nausea 9 (39) 9 (45) 18 (42)

Rash maculo-papular 5 (22) 5 (12)

Platelet decreased 15 (65) 6 (30) 21 (49)

White blood cell count decreased 11 (48) 17 (85) 28 (65)
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