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BACKGROUND
Data are limited regarding the use of poly(adenosine diphosphate [ADP]–ribose) poly-
merase inhibitors, such as veliparib, in combination with chemotherapy followed by 
maintenance as initial treatment in patients with high-grade serous ovarian carcinoma.
METHODS
In an international, phase 3, placebo-controlled trial, we assessed the efficacy of 
veliparib added to first-line induction chemotherapy with carboplatin and paclitaxel 
and continued as maintenance monotherapy in patients with previously untreated 
stage III or IV high-grade serous ovarian carcinoma. Patients were randomly assigned 
in a 1:1:1 ratio to receive chemotherapy plus placebo followed by placebo maintenance 
(control), chemotherapy plus veliparib followed by placebo maintenance (veliparib 
combination only), or chemotherapy plus veliparib followed by veliparib mainte-
nance (veliparib throughout). Cytoreductive surgery could be performed before ini-
tiation or after 3 cycles of trial treatment. Combination chemotherapy was 6 cycles, 
and maintenance therapy was 30 additional cycles. The primary end point was 
investigator-assessed progression-free survival in the veliparib-throughout group 
as compared with the control group, analyzed sequentially in the BRCA-mutation co-
hort, the cohort with homologous-recombination deficiency (HRD) (which included 
the BRCA-mutation cohort), and the intention-to-treat population.
RESULTS
A total of 1140 patients underwent randomization. In the BRCA-mutation cohort, 
the median progression-free survival was 34.7 months in the veliparib-throughout 
group and 22.0 months in the control group (hazard ratio for progression or 
death, 0.44; 95% confidence interval [CI], 0.28 to 0.68; P<0.001); in the HRD co-
hort, it was 31.9 months and 20.5 months, respectively (hazard ratio, 0.57; 95 CI, 
0.43 to 0.76; P<0.001); and in the intention-to-treat population, it was 23.5 months 
and 17.3 months (hazard ratio, 0.68; 95% CI, 0.56 to 0.83; P<0.001). Veliparib led 
to a higher incidence of anemia and thrombocytopenia when combined with che-
motherapy as well as of nausea and fatigue overall.
CONCLUSIONS
Across all trial populations, a regimen of carboplatin, paclitaxel, and veliparib induc-
tion therapy followed by veliparib maintenance therapy led to significantly longer 
progression-free survival than carboplatin plus paclitaxel induction therapy alone. The 
independent value of adding veliparib during induction therapy without veliparib 
maintenance was less clear. (Funded by AbbVie; VELIA/GOG-3005 ClinicalTrials.gov 
number, NCT02470585.)
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Since the introduction of paclitaxel 
in 1996,1 efforts to augment the efficacy of 
treatment in patients with advanced-stage 

ovarian cancer have yielded limited success. The 
introductions of weekly paclitaxel therapy, intra-
peritoneal chemotherapy, and bevacizumab ther-
apy are recognized alterations that are considered 
to be acceptable as primary therapy.2-5 Delayed 
cytoreductive surgery after neoadjuvant chemo-
therapy has also become increasingly popular, 
given the evidence of noninferiority to primary 
debulking surgery that has been shown in ran-
domized, controlled trials.6-8 Nevertheless, pro-
gressive disease develops in more than 75% of 
patients within 3 years.9 New agents and approach-
es are needed.

Poly(adenosine diphosphate [ADP]–ribose) poly-
merase (PARP) inhibitors have efficacy as single 
agents in the treatment of recurrent ovarian can-
cer and as maintenance therapy after patients have 
had a response to platinum-based therapy.10-18 
Olaparib,12,15 rucaparib,14,16 and niraparib13 have 
been approved for indications in high-grade epi-
thelial ovarian cancer, but only olaparib has been 
approved as maintenance therapy in patients with 
deleterious BRCA mutations after a response to 
first-line chemotherapy.17 Combining PARP inhibi-
tors with chemotherapy has been challenging be-
cause of hematologic toxic effects that result in 
substantial dose reductions.19 Veliparib is an oral 
PARP inhibitor20 that has shown activity as a 
single agent in early-phase trials and that can be 
combined with standard chemotherapy doses.21-24

Approximately 20% of ovarian carcinomas have 
germline (15%) or somatic (5%) BRCA1 or BRCA2 
mutations,25 and up to 30% more have genomic 
alterations resulting in homologous-recombination 
deficiency (HRD).26 These alterations increase tu-
mor susceptibility to agents including platinum 
and PARP inhibitors.25-29 We hypothesized that 
veliparib added to platinum-based chemotherapy 
and continued as maintenance therapy would pro-
long progression-free survival. Here, we report re-
sults from VELIA/GOG-3005, a randomized, pla-
cebo-controlled trial of veliparib in patients with 
newly diagnosed, high-grade serous ovarian car-
cinoma.

Me thods

Patients

Women at least 18 years of age who had received 
an initial histologic diagnosis of high-grade serous 

epithelial ovarian, fallopian tube, or primary peri-
toneal carcinoma of International Federation of 
Gynecology and Obstetrics stage III or IV were 
included in the trial (Table S1 in the Supplemen-
tary Appendix, available with the full text of this 
article at NEJM.org).30 Additional eligibility criteria 
are listed in the protocol (available at NEJM.org).

The submission of blood and tumor-tissue 
samples for central assessment of germline BRCA, 
tissue-based (included somatic) BRCA, and homol-
ogous-recombination status was required. The 
BRCA-mutation cohort was defined as patients who 
had deleterious or suspected deleterious germline 
or tissue-based mutations, as determined by the 
Myriad BRACAnalysis CDx or myChoice HRD 
CDx assay, respectively, in BRCA1 or BRCA2. The 
cohort of patients with tumors that had HRD 
consisted of patients who had tumors that were 
BRCA-mutated or had HRD according to the my-
Choice assay (on which a score of ≥33 was con-
sidered to indicate HRD status, and a score of 
<33 was considered to indicate non-HRD status; 
the threshold score was revised from 42, after 
several retrospective analyses of previous clinical 
trials, to increase the sensitivity of detecting a 
response to PARP inhibitors).31-33 The intention-
to-treat population comprised all the patients who 
had undergone randomization. For exploratory 
analyses, the cohort of patients with nonmutat-
ed BRCA status consisted of patients with known 
BRCA status and no germline or tissue-based BRCA 
mutations. Patients whose tumors had non-HRD 
status had no genetic evidence of HRD.

Trial Design and Treatments

This phase 3, double-blind trial was conducted 
at 202 sites in 10 countries. Randomization in 
the entire population was stratified according to 
the timing of surgery and residual disease after 
primary surgery, the paclitaxel schedule, stage of 
disease, geographic region, and germline BRCA 
status as described in the protocol. Cytoreduc-
tive surgery could be performed before the ini-
tiation of trial treatment (primary) or after three 
cycles of trial treatment (interval). The weekly or 
every-3-week paclitaxel schedule and the choice 
of primary or interval cytoreductive surgery were 
determined at the discretion of the investigator. 
The germline BRCA status was added as a stratifi-
cation factor after 655 patients (57%) had enrolled 
in order to counteract an imbalance regarding 
BRCA-mutation status that was noted by the in-
dependent data and safety monitoring committee.
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Each trial regimen consisted of 36 cycles last-
ing 21 days each, including 6 cycles of chemo-
therapy and 30 cycles of maintenance therapy. 
Chemotherapy consisted of carboplatin (given at 
an area under the curve [AUC] of 6 mg per milli
liter per minute, every 3 weeks) and paclitaxel 
(175 mg per square meter of body-surface area, 
administered every 3 weeks, or 80 mg per square 
meter, administered weekly). Patients were ran-
domly assigned in a 1:1:1 ratio to one of the fol-
lowing three groups: the control group (in which 
patients received chemotherapy plus placebo 
followed by placebo maintenance); the veliparib-
combination-only group (in which patients re-
ceived chemotherapy plus veliparib followed by 
placebo maintenance); or the veliparib-throughout 
group (in which patients received chemotherapy 
plus veliparib followed by veliparib maintenance).

During chemotherapy, patients received velipa-
rib at a dose of 150 mg orally or matching placebo 
twice daily.24 Patients who completed chemother
apy without disease progression received single-
agent veliparib at a dose of 300 mg or matching 
placebo twice daily for 2 weeks (transition period) 
and then veliparib at a dose of 400 mg or matching 
placebo twice daily if the dose in the transition 
period was not associated with limiting side effects.

End Points and Assessments

The primary end point was investigator-assessed 
progression-free survival in the veliparib-
throughout group as compared with the control 
group, analyzed sequentially in the BRCA-muta-
tion cohort, the HRD cohort, and the intention-
to-treat population. Secondary end points were 
overall survival in the veliparib-throughout group 
as compared with the control group, progression-
free survival and overall survival in the veliparib-
combination-only group as compared with the 
control group, and the Disease Related Symptom 
score (see below) in the BRCA-mutation cohort, the 
HRD cohort, and the intention-to-treat population. 
Tumor assessments according to the Response 
Evaluation Criteria in Solid Tumors, version 1.1, 
occurred at baseline and at protocol-defined in-
tervals until the occurrence of imaging-based 
progression as assessed by the investigator.34 Pa-
tients undergoing interval surgery had a tumor 
baseline reassessment after surgery. After the oc-
currence of investigator-assessed progression, data 
on survival, subsequent therapy, and new-onset 
cancer were collected until death or loss to fol-
low-up. Investigators could be made aware of the 

assigned treatment after the occurrence of dis-
ease progression. Crossover to veliparib was not 
allowed in the trial.

The Disease Related Symptom score is a sub-
set of the National Comprehensive Cancer Net-
work Functional Assessment of Cancer Therapy 
Ovarian Symptom Index–18 (NFOSI-18), which 
evaluates nine symptoms related to disease or 
treatment.35 This questionnaire was administered 
at protocol-defined intervals until disease progres-
sion or up to 2 years after the receipt of the first 
dose, whichever was later. Scores range from 0 to 
36, with higher scores indicating a lower burden 
of symptoms. A 3-point difference was defined 
as clinically meaningful.36 Adverse events were 
categorized according to preferred terms in the 
Medical Dictionary for Regulatory Activities, version 
21.1, and were graded according to the National 
Cancer Institute Common Terminology Criteria 
for Adverse Events, version 4.03.

Oversight

The trial protocol was approved by the institu-
tional review boards at the investigational sites; 
the statistical analysis plan and all amendments 
are provided with the protocol. The trial was 
conducted according to the International Con-
ference on Harmonisation Good Clinical Prac-
tice guidelines, regulations governing clinical 
study conduct, and ethical principles with their 
origin in the Declaration of Helsinki. All the 
patients provided written informed consent.

The trial was designed and conducted by the 
Gynecologic Oncology Group and the sponsor 
(AbbVie). An independent data and safety mon-
itoring committee reviewed unblinded safety 
data and provided recommendations for con-
tinuation or termination. All the authors had 
access to the data and vouch for the accuracy 
and completeness of the data and for the fidel-
ity of the trial to the protocol. The manuscript 
was written by the authors, with medical writ-
ing assistance funded by the sponsor. Repre-
sentatives of the sponsor also participated in 
the trial conduct, the analysis and interpreta-
tion of the data, and the writing and review of 
the manuscript. The authors and sponsor made 
the decision to submit the manuscript for sub-
mission for publication.

Statistical Analysis

Efficacy analyses were performed in three se-
quentially inclusive populations: the BRCA-muta-
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tion cohort, the HRD cohort (which included the 
BRCA-mutation cohort), and the intention-to-treat 
population. All the patients who had received at 
least one dose of veliparib or placebo were in-
cluded in the safety analyses. The data-cutoff date 
for the primary analysis was May 3, 2019.

The trial sought to enroll 1100 patients and 
was powered to test progression-free survival 
and overall survival in the intention-to-treat 
population and the BRCA-mutation cohort. On 
the basis of emerging efficacy data regarding 
patients with HRD tumors,13,14,16,37 the protocol 
was amended to add testing variables for the 
primary and secondary end points within this 
cohort. The database lock occurred when the 
protocol-specified number of progression-free 
survival events in the control group plus the ve-
liparib-throughout group was confirmed on in-
dependent analysis of the statistical data.

A two-sided P value of 0.05 or less was con-
sidered to indicate statistical significance in 
analyses that followed a hierarchical testing se-
quence. Specifically, progression-free survival in 
the veliparib-throughout group and the control 
group was first compared in the BRCA-mutation 
cohort, then in the HRD cohort, and then in the 
intention-to-treat population. This analysis was 
to be followed by an evaluation of overall survival 
(once a sufficient number of events had accrued) 
in the veliparib-throughout group and the control 
group in each of the three populations. The test-
ing sequence was to end at the first test that did 
not meet the threshold for significance. Progres-
sion-free survival in the veliparib-combination-
only group as compared with the control group 
would be formally tested if the comparisons for 
overall survival met the threshold for signifi-
cance.

Distributions of progression-free survival and 
overall survival in each group were estimated 
with the use of the Kaplan–Meier method. Pro-
gression-free survival in the veliparib-through-
out group or the veliparib-combination-only group 
was compared with the control group by a log-
rank test, stratified according to residual disease 
status and disease stage in all the trial popula-
tions, as well as according to choice of the pacli-
taxel regimen and BRCA-mutation status in the 
intention-to-treat population. Hazard ratios in 
the analyses of progression-free survival and 
overall survival were estimated by means of a 
Cox model stratified according to the same fac-

tors as those used in the log-rank test. The mean 
change from baseline in the Disease Related 
Symptom scores was compared with the use of 
a mixed-model, repeated-measures method.

R esult s

Patients

From July 2015 through July 2017, a total of 1140 
patients underwent randomization. BRCA-muta-
tion and homologous-recombination status was 
determined in 91% and 88% of the patients, re-
spectively. A total of 298 patients (26%) were 
included in the BRCA-mutation cohort (214 pa-
tients [19%] had a germline BRCA mutation, and 
84 [7%] had a tissue-based BRCA mutation), and 
627 patients (55%) were included in the HRD 
cohort (298 patients [26%] had tumors that had 
HRD and were BRCA-mutated, and 329 patients 
[29%] had tumors that had HRD with nonmu-
tated BRCA). A total of 1124 patients received at 
least one dose of trial therapy (Fig. 1).

Key demographic and clinical characteristics 
of the patients are shown in Table 1. The char-
acteristics of the patients in the BRCA-mutation 
cohort and the HRD cohort are shown in Tables 
S2 and S3, respectively.

Efficacy
Primary End Point of Progression-free Survival

At the time of the database lock, the median 
duration of follow-up was 28 months. The primary 
efficacy end point of progression-free survival in 
the veliparib-throughout group as compared with 
the control group was significantly prolonged in 
all three cohorts (presented here in order of test-
ing hierarchy). The median progression-free sur-
vival in the BRCA-mutation cohort was 34.7 months 
in the veliparib-throughout group and 22.0 months 
in the control group (hazard ratio for disease pro-
gression or death, 0.44; 95% confidence interval 
[CI], 0.28 to 0.68; P<0.001); in the HRD cohort, 
the corresponding duration was 31.9 months 
and 20.5 months (hazard ratio, 0.57; 95% CI, 
0.43 to 0.76; P<0.001); and in the intention-to-
treat population, the corresponding duration was 
23.5 months and 17.3 months (hazard ratio, 
0.68; 95% CI, 0.56 to 0.83; P<0.001) (Fig. 2). The 
number of events of disease progression or deaths 
and the estimates of progression-free survival at 
4.5 months after randomization (approximate 
end of the combination phase) are provided for 
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each of the trial cohorts in Figure S1 and Table 
S4, respectively.

Secondary End Points
At the time of this report, the data regarding 
overall survival were not sufficiently mature in 
the BRCA-mutation cohort, the HRD cohort, and 
the intention-to-treat population, with percentages 
of required end points of 21%, 24%, and 49%, 
respectively. Because of the testing hierarchy, 
overall survival in the veliparib-throughout group 
as compared with the control group cannot be 
tested until a sufficient number of events have 
occurred, so formal hypothesis testing of pro-
gression-free survival in the veliparib-combina-

tion-only group as compared with the control 
group has not been performed.

At the time of the database lock, the median 
progression-free survival in the veliparib-combi-
nation-only group and control group in the three 
populations was as follows. In the BRCA-muta-
tion cohort, the median progression-free sur-
vival was 21.1 months in the veliparib-combina-
tion-only group and 22.0 months in the control 
group (hazard ratio for progression or death, 
1.22; 95% CI, 0.82 to 1.80); in the HRD cohort, 
the corresponding duration was 18.1 months 
and 20.5 months (hazard ratio, 1.10; 95% CI, 0.86 
to 1.41); and in the intention-to-treat population, 
the corresponding duration was 15.2 months and 

Figure 1. Randomization and Treatment.

Patients were randomly assigned in a 1:1:1 ratio to one of the following three groups: control group (in which pa-
tients received chemotherapy plus placebo followed by placebo maintenance); the veliparib-combination-only group 
(in which patients received chemotherapy plus veliparib followed by placebo maintenance); or the veliparib-through-
out group (in which patients received chemotherapy plus veliparib followed by veliparib maintenance). The primary 
reasons for the discontinuation of veliparib or placebo are shown.

1140 Underwent randomization

1396 Patients were assessed for eligibility

256 Were excluded

375 Were assigned to the control group
and were included in efficacy analysis

382 Were assigned to the veliparib-
throughout group and were
included in efficacy analysis

371 Received treatment and were
included in safety analysis

377 Received treatment and were
included in safety analysis

383 Were assigned to the veliparib-
combination-only group and were

included in efficacy analysis

376 Received treatment and were
included in safety analysis

355 Discontinued trial drug
188 Had progressive disease
76 Completed treatment
10 Had adverse event related

to progression
22 Had adverse event unrelated

to progression
24 Withdrew consent for receiving

trial drug
22 Were withdrawn by investigator
9 Had other reason
3 Underwent randomization but 

never received trial drug
1 Was lost to follow-up

348 Discontinued trial drug
119 Had progressive disease
69 Completed treatment
3 Had adverse event related

to progression
82 Had adverse event unrelated

to progression
40 Withdrew consent for receiving

trial drug
20 Were withdrawn by investigator
8 Had other reason
5 Underwent randomization but 

never received trial drug
2 Were lost to follow-up

363 Discontinued trial drug
194 Had progressive disease
70 Completed treatment
8 Had adverse event related

to progression
36 Had adverse event unrelated

to progression
23 Withdrew consent for receiving

trial drug
19 Were withdrawn by investigator
6 Had other reason
5 Underwent randomization but

never received trial drug
2 Were lost to follow-up
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Characteristic
Control Group 

(N = 375)

Veliparib-Combination-
Only Group 

(N = 383)

Veliparib-Throughout 
Group 

(N = 382)

Age

Median (range) — yr 62 (33–86) 62 (22–88) 62 (30–85)

Distribution — no. (%)

<65 yr 233 (62) 226 (59) 228 (60)

≥65 yr 142 (38) 157 (41) 154 (40)

Geographic region — no. (%)

North America 266 (71) 261 (68) 267 (70)

Japan 23 (6) 30 (8) 25 (7)

Other region   86 (23)   92 (24)   90 (24)

ECOG performance-status score — no./total no. (%)†

0 226/371 (61) 210/376 (56) 224/377 (59)

1 138/371 (37) 157/376 (42) 141/377 (37)

2   7/371 (2)   9/376 (2) 12/377 (3)

Stage of disease — no./total no. (%)

Stage III 292/374 (78) 288/382 (75) 295/382 (77)

Stage IV   82/374 (22)   94/382 (25)   87/382 (23)

Surgery received‡

Primary 250 (67) 253 (66) 261 (68)

Interval 107 (29) 114 (30)   99 (26)

None 18 (5) 16 (4) 22 (6)

Residual disease after primary surgery — no./total no. (%)

No residual disease§ 116/250 (46) 118/253 (47) 124/261 (48)

Microscopic residual disease only§   58/250 (23)   46/253 (18)   54/261 (21)

Any residual disease   76/250 (30)   89/253 (35)   83/261 (32)

Residual disease after interval surgery — no./total no. (%)¶

No residual disease§   50/103 (49)   46/110 (42)     45/96 (47)

Microscopic residual disease only§   22/103 (21)   30/110 (27)     24/96 (25)

Any residual disease   31/103 (30)   34/110 (31)     27/96 (28)

Paclitaxel regimen — no./total no. (%)

Weekly 193/372 (52) 203/381 (53) 190/379 (50)

Every 3 wk 179/372 (48) 178/381 (47) 189/379 (50)

BRCA-mutation status — no./total no. (%)‖

Deleterious mutation   92/346 (27)   98/341 (29) 108/353 (31)

No deleterious mutation 254/346 (73) 243/341 (71) 245/353 (69)

Homologous-recombination deficiency — no./total no. (%)

Yes 207/331 (63) 206/329 (63) 214/339 (63)

No 124/331 (37) 123/329 (37) 125/339 (37)

*	�Patients were randomly assigned in a 1:1:1 ratio to one of the following three groups: the control group (in which patients received chemo-
therapy plus placebo followed by placebo maintenance); the veliparib-combination-only group (in which patients received chemotherapy 
plus veliparib followed by placebo maintenance); or the veliparib-throughout group (in which patients received chemotherapy plus veliparib 
followed by veliparib maintenance). Stratification factors included geographic region, disease stage (International Federation of Gynecology 
and Obstetrics stage III or IV disease), timing of surgery received (primary or interval), residual disease status after primary surgery, and pa-
clitaxel regimen. Data regarding geographic region, disease stage, timing of surgery received, residual disease status after primary or inter-
val surgery, and paclitaxel regimen were as reported in the electronic data-capture system.

†	�Eastern Cooperative Oncology Group (ECOG) performance-status scores are assessed on a 5-point scale, with higher scores indicating greater disability.
‡	�All the patients underwent randomization with the intention of undergoing cytoreductive surgery. Some patients did not undergo the planned 

interval surgery.
§	� The subgroups of patients with microscopic residual disease and those with no residual disease were combined in a “no macroscopic resid-

ual disease” category (not listed here) in the subgroup analyses of progression-free survival.
¶	�Data on any residual disease after interval surgery were missing for 4 of 107 patients in the control group, for 4 of 114 in the veliparib-com-

bination-only group, and for 3 of 99 in the veliparib-throughout group.
‖	�Deleterious BRCA mutations included germline and tissue-based BRCA1 and BRCA2 mutations.

Table 1. Demographic and Clinical Characteristics of the Patients.*
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Figure 2. Kaplan–Meier Estimates of Progression-free Survival in the Veliparib-Throughout Group and Control Group.

Distributions were estimated by means of the Kaplan–Meier method in the intention-to-treat population (Panel A) 
and in the cohorts of patients with BRCA-mutated tumors or with tumors that had homologous-recombination defi-
ciency (HRD) (Panel B), with the veliparib-throughout group compared with the control group (primary end point). 
Progression-free survival was compared between the trial-treatment groups by the stratified log-rank test. Hazard 
ratios were estimated by a Cox model with stratification according to the same factors as were used in the log-rank 
test. Kaplan–Meier estimates of the percentages of patients who were alive without disease progression at 10 months 
(approximately 6 months after the completion of chemotherapy) and at 24 months (end of trial-defined therapy) in 
each population are shown. The dashed line indicates the median, and tick marks indicate censored data.
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17.3 months (hazard ratio, 1.07; 95% CI, 0.90 to 
1.29) (Fig. S2).

Exploratory Analyses
Analyses of progression-free survival in subgroups 
that were defined according to potential prognos-
tic factors is shown in Figure 3. The findings of 

these analyses were directionally consistent with 
those of the primary analysis in the intention-to-
treat population.

Assessment in the veliparib-throughout and 
control groups in the subgroup of patients with 
nonmutated BRCA (which included patients with 
HRD tumors with nonmutated BRCA) and those 

Figure 3. Subgroup Analysis of Progression-free Survival.

The hazard ratio in the analysis of progression-free survival is for the comparison of the veliparib-throughout group with the control 
group. The hazard ratios presented here are from an unstratified Cox proportional-hazards model. Stratification factors included disease 
stage, paclitaxel regimen, surgery received, and residual disease status after primary surgery. Race was reported by the patient. Eastern 
Cooperative Oncology Group (ECOG) performance-status scores are assessed on a 5-point scale, with higher scores indicating greater 
disability. Disease stage was assessed as International Federation of Gynecology and Obstetrics stage III or IV disease. No macroscopic 
residual disease was defined as either “no residual disease” or “microscopic residual disease only” after surgery, as reported in the elec-
tronic data-capture system. Data on BRCA-mutation status were missing for 29 patients in the veliparib-throughout group and for 29 in 
the control group; data on HRD status were missing for 43 and 44, respectively.

1.0 10.0

Control Therapy BetterVeliparib Better

All patients

Age

<65 yr

≥65 yr

Race

White

Asian

Other

ECOG performance-status score

0

≥1

Disease stage

III

IV

Paclitaxel regimen

Weekly

Every 3 wk

Surgery received

Primary

Interval

Residual disease after primary surgery

Macroscopic residual disease

No macroscopic residual disease

Residual disease after interval surgery

Macroscopic residual disease

No macroscopic residual disease

Mutation status

BRCA1

BRCA2

Germline BRCA

Tissue-based BRCA

Nonmutated BRCA

HRD-positive

HRD-negative

Veliparib Hazard Ratio for Disease Progression or Death (95% CI)ControlSubgroup

191/382

110/228

  81/154

158/300

21/56

12/26

113/224

  78/153

142/295

49/87

  92/190

  99/189

126/261

56/99

42/83

  84/178

23/27

33/69

26/78

  8/30

27/80

  7/28

142/245

  87/214

  80/125

237/375

155/233

  82/142

194/299

35/59

  8/17

135/226

102/145

183/292

54/82

125/193

112/179

149/250

  78/107

50/76

  99/174

23/31

53/72

36/59

13/31

36/63

15/29

171/254

124/207

  89/124

0.1

0.70 (0.58–0.84)

0.65 (0.50–0.82)

0.77 (0.57–1.05)

0.70 (0.57–0.86)

0.50 (0.29–0.87)

1.57 (0.63–3.97)

0.72 (0.56–0.93)

0.66 (0.49–0.89)

0.67 (0.54–0.84)

0.79 (0.54–1.17)

0.65 (0.50–0.85)

0.73 (0.55–0.95)

0.72 (0.57–0.92)

0.64 (0.45–0.90)

0.60 (0.40–0.91)

0.77 (0.58–1.04)

1.12 (0.62–2.00)

0.52 (0.34–0.81)

0.38 (0.23–0.63)

0.64 (0.27–1.56)

0.50 (0.30–0.82)

0.35 (0.14–0.87)

0.80 (0.64–1.00)

0.58 (0.44–0.76)

0.81 (0.60–1.09)

no. of patients with events/total no.

The New England Journal of Medicine 
Downloaded from nejm.org at Washington University in St. Louis Becker Library on January 30, 2020. For personal use only. No other uses without permission. 

 Copyright © 2019 Massachusetts Medical Society. All rights reserved. 



n engl j med 381;25  nejm.org  December 19, 2019 2411

Veliparib in Ovarian Cancer

in the non-HRD cohort (patients with true non-
mutated BRCA status) showed hazard ratios of 
0.80 (95% CI, 0.64 to 0.997) and 0.81 (95% CI, 
0.60 to 1.09), respectively (Fig. S3). The lack of 
data maturity regarding events of progression or 
death with a second therapy precludes a mean-
ingful analysis at this time, with 42% or less of 
the patients in any population having reported 
progression while receiving a second therapy.

In the intention-to-treat population, 191 pa-
tients (98 in the veliparib-throughout group and 
93 in the control group) had measurable residu-
al disease after primary debulking surgery from 
which the percentage of patients with an objec-
tive response could be assessed after six cycles 
of chemotherapy. In this exploratory analysis, 
84% of the patients in the veliparib-throughout 
group had a response, as compared with 74% of 
those in the control group (Table S5).

Safety

The relative dose intensities of carboplatin and 
paclitaxel were similar across treatment groups 
and all the cohorts (the BRCA-mutation cohort, 
the HRD cohort, and the intention-to-treat pop-
ulation). In the intention-to-treat population, the 
veliparib-throughout group and the control group 
received 84% and 91%, respectively, of the planned 
carboplatin doses; 84% and 90% of the planned 
weekly doses of paclitaxel; and 92% and 98% of 
the planned every-3-week doses of paclitaxel. The 
median numbers of cycles of carboplatin and 
paclitaxel were the same across all the groups and 
all the cohorts. Details are provided in Table S6.

In the intention-to-treat population, the pro-
portion of patients who had an adverse event 
during treatment (i.e., events reported during 
trial treatment or within 30 days after the discon-
tinuation of veliparib or placebo) were similar in 
the veliparib-throughout group and the control 
group. However, a higher percentage of patients 
in the veliparib-throughout group than in the 
control group had thrombocytopenia (Table 2). 
The most common adverse event during treat-
ment that was reported in the veliparib-through-
out group was nausea (in 80% of the patients in 
this group), with most events (90%) being of 
grade 1 or 2. One event of myelodysplastic syn-
drome was reported in the veliparib-combina-
tion-only group, and one event of acute myeloid 
leukemia was reported in the veliparib-through-

out group. The patient with myelodysplastic syn-
drome had a germline BRCA1 mutation. The num-
bers and proportions of patients in whom adverse 
events during treatment were reported in the 
combination phase or in the maintenance phase 
are shown in Tables S7 and S8, respectively.

The percentages of patients who had a reduc-
tion in the dose of veliparib or placebo or an 
interruption because of an adverse event were 
higher in the veliparib-throughout group than in 
the control group during the combination phase 
(dose reductions in 6% and 2% of the patients, 
respectively, and interruptions in 58% and 39%) 
and the maintenance phase (dose reductions in 
24% and 4%, respectively, and interruptions in 
41% and 19%) (Table S9). In the combination 
phase, 11% or less of the patients had an adverse 
event leading to the discontinuation of veliparib 
or placebo in any group (Table S10). In the main-
tenance phase, the percentage of patients who 
discontinued veliparib or placebo owing to an ad-
verse event was 19% in the veliparib-throughout 
group and 6% in the control group. The most 
common adverse event leading to the discontin-
uation of veliparib therapy was nausea (in 8% of 
patients).

Health-Related Quality-of-Life Assessments

A total of 86% of the patients had greater than 
90% adherence to the completion of patient-report-
ed outcome instruments during trial therapy; 60% 
of the patients had greater than 80% adherence 
after therapy discontinuation. Adherence was bal-
anced among the groups. In the BRCA-mutation 
cohort, the HRD cohort, and the intention-to-treat 
population, the mean change from baseline in the 
NFOSI-18 Disease Related Symptom scores in-
creased over time (indicating improvement), par-
ticularly after chemotherapy was completed (cycle 
7 and beyond). The differences in the mean change 
from baseline in scores between treatment groups 
were small (range, 0.0 to 2.1) and were not con-
sidered to be clinically significant (Fig. S4).

Discussion

This phase 3 trial shows significantly longer 
progression-free survival with veliparib added to 
standard first-line chemotherapy and continued 
as maintenance therapy than with chemotherapy 
alone among patients with advanced-stage, high-
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grade serous ovarian carcinoma. Veliparib added 
to chemotherapy led to a higher incidence of 
anemia and thrombocytopenia and was generally 
associated with nausea and fatigue but did not 
adversely affect patients’ quality of life as reported 
on surveys. The prolongation of progression-free 
survival was seen across a broad population of 
patients, including those with and those without 
disease that was amenable to a primary surgical 
cytoreduction attempt and those with and those 
without an identifiable tumor feature that has 
been associated with PARP inhibitor activity. A 
response to chemotherapy was not needed for 

inclusion in this trial, and progression-free sur-
vival was measured from randomization (start of 
chemotherapy), in contrast to previous and con-
temporaneous trials of a PARP inhibitor used only 
as maintenance therapy (PRIMA and PAOLA-1; 
ClinicalTrials.gov numbers, NCT02655016 and 
NCT02477644, respectively).17,38,39

An important consideration in treatment plan-
ning for primary chemotherapy is whether bio-
marker status is required for the selection of 
treatment. We enrolled patients without regard to 
biomarker status and evaluated veliparib in two 
cohorts that were defined according to the pres-

Event
Control Group 

(N = 371)
Veliparib-Combination-Only Group 

(N = 376)
Veliparib-Throughout Group 

(N = 377)

Any Grade Grade 3 or 4 Any Grade Grade 3 or 4 Any Grade Grade 3 or 4

number of patients (percent)

Any 371 (100) 285 (77) 376 (100) 329 (88) 377 (100) 332 (88)

Nausea 251 (68) 10 (3) 269 (72) 15 (4) 302 (80) 31 (8)

Neutropenia 251 (68) 183 (49) 281 (75) 232 (62) 284 (75) 218 (58)

Fatigue 222 (60) 12 (3) 235 (62) 18 (5) 259 (69) 31 (8)

Peripheral sensory neuropathy 256 (69) 9 (2) 236 (63) 7 (2) 242 (64) 9 (2)

Anemia 195 (53) 97 (26) 245 (65) 153 (41) 240 (64) 144 (38)

Thrombocytopenia 122 (33) 30 (8) 225 (60) 115 (31) 219 (58) 105 (28)

Alopecia 215 (58) 2 (1) 216 (57) 0 197 (52) 0

Vomiting 132 (36) 9 (2) 133 (35) 14 (4) 186 (49) 15 (4)

Diarrhea 152 (41) 9 (2) 140 (37) 11 (3) 166 (44) 8 (2)

Constipation 160 (43) 2 (1) 181 (48) 7 (2) 165 (44) 2 (1)

Abdominal pain 118 (32) 14 (4) 113 (30) 13 (3) 127 (34) 17 (5)

Leukopenia 89 (24) 34 (9) 87 (23) 44 (12) 112 (30) 66 (18)

Decreased appetite 85 (23) 3 (1) 81 (22) 3 (1) 111 (29) 7 (2)

Insomnia 87 (23) 0 121 (32) 1 (<1) 110 (29) 3 (1)

Arthralgia 123 (33) 4 (1) 106 (28) 1 (<1) 106 (28) 4 (1)

Dizziness 89 (24) 0 81 (22) 2 (1) 98 (26) 4 (1)

Headache 97 (26) 3 (1) 91 (24) 2 (1) 97 (26) 1 (<1)

Hypomagnesemia 98 (26) 10 (3) 94 (25) 5 (1) 84 (22) 3 (1)

Dyspnea 76 (20) 3 (1) 92 (24) 8 (2) 84 (22) 3 (1)

*	�Data include adverse events of any grade that occurred during treatment (i.e., events reported during trial treatment or within 30 days after 
the discontinuation of veliparib or placebo) in at least 20% of the safety population of 1124 patients (i.e., those who had received at least 
one dose of a trial therapy) and corresponding adverse events of grade 3 or 4 that were assessed according to the National Cancer Institute 
Common Terminology Criteria for Adverse Events, version 4.03. Data are reported according to preferred terms in the Medical Dictionary for 
Regulatory Activities, version 21.1. Grade 5 adverse events occurring within 30 days of the last dose of a trial drug were reported in 21 patients 
(<2% overall; 6 patients in the control group, 7 in the veliparib-combination-only group, and 8 in the veliparib-throughout group) and in-
cluded small-intestinal obstruction (in 2 patients), intestinal perforation (2), sepsis or septic shock (7), aspiration pneumonia (1), pulmo-
nary embolism (2), and disease progression (7). The events of sepsis or septic shock occurred in 3 patients in the control group, 1 in the 
veliparib-combination-only group, and 3 in the veliparib-throughout group.

Table 2. Adverse Events.*
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ence of germline or tissue-based BRCA mutations 
and HRD status, as well as in the intention-to-treat 
population. Results reported by Moore et al.17 had 
established the safety and efficacy of PARP in-
hibitor maintenance therapy in patients with ovar-
ian cancer with BRCA mutations, and the current 
trial shows that the benefit of a PARP inhibitor 
can be safely extended to all patients with newly 
diagnosed ovarian cancer.

Few studies have combined PARP inhibitors 
with standard chemotherapy doses for the treat-
ment of ovarian cancer.22,40 Combining the two 
classes of agents has a strong rationale on the ba-
sis of chemotherapy-induced DNA damage aug-
menting cellular reliance on DNA repair and 
improving the efficacy of the PARP inhibitor. In 
a large trial, olaparib was combined with pacli-
taxel and carboplatin therapy in women with re-
current, platinum-sensitive ovarian cancer.19 How-
ever, the carboplatin dose was reduced to an AUC 
of 4 mg per milliliter per minute, and olaparib 
was administered at a dose of 200 mg (in cap-
sules) twice daily for 10 days of a 21-day cycle 
(dose intensity, 24%). In the current trial, veliparib 
was administered continuously during chemother-
apy at a dose of 150 mg twice daily (dose intensity, 
37.5%) with standard doses of carboplatin (AUC, 
6 mg per milliliter per minute). Patients receiving 
veliparib were still able to receive a high proportion 
(84 to 93%) of all planned chemotherapy doses.

Adverse events that were reported with velipa-
rib were predominantly gastrointestinal and he-
matologic. Veliparib added to chemotherapy led 
to higher incidences of anemia and thrombocy-
topenia than were observed with chemotherapy 
alone, although the incidences were significantly 
lower during the maintenance phase, in which 
less than 8% of the patients in the veliparib-
throughout group had a grade 3 or 4 event. In 
general, the incidence of toxic effects with veli-
parib monotherapy was lower than has been 
reported with other PARP inhibitors.13,15-17

This trial was designed before the safety and 
efficacy of PARP inhibitors in the context of main-
tenance therapy had been established. At the time, 
we hypothesized that concurrent application of 
agents with effects on DNA damage response in 
patients who had not received chemotherapy previ-
ously would improve clinical outcomes. Results 
from GOG-9923, a phase 1 trial that evaluated 
veliparib with six regimens of platinum-based 
chemotherapy and bevacizumab, confirmed that 

veliparib could be safely administered with stan-
dard doses of chemotherapy.24

We designed this phase 3 trial to test the hy-
pothesis that concurrent therapy with veliparib, 
with or without veliparib maintenance therapy, 
could improve progression-free survival among 
patients with advanced ovarian cancer. The trial 
design did not include a “veliparib maintenance-
only” group and therefore did not prospectively 
address the relative contribution of maintenance 
therapy with veliparib. Inferences drawn from 
the absence of improvement in progression-free 
survival in the veliparib-combination-only group 
may suggest that the benefit from veliparib is 
related to its use as maintenance therapy. If the 
trial had incorporated a maintenance-only group 
and shown results similar to those seen in the 
veliparib-throughout group, the relative contri-
butions of concurrent and maintenance veliparib 
therapy in the veliparib-throughout group might 
have been more definitively assessed. Nonetheless, 
other historically successful strategies that in-
corporated concurrent and maintenance ther
apy into the context of first-line therapy (i.e., 
antiangiogenesis agents)4,5,41 have shown little 
difference in progression-free survival during 
the brief exposure before maintenance treatment. 
In the current trial, less than 4% of the pro-
gression events occurred before the mainte-
nance phase, which indicates that this measure 
lacks sensitivity in the context of highly active 
chemotherapy. As such, the hypothesis regard-
ing concurrent therapy remains unproved.

In this phase 3, randomized, placebo-controlled 
clinical trial involving patients with previously un-
treated advanced-stage ovarian cancer, veliparib 
that was administered concomitantly with chemo-
therapy and continued as maintenance therapy 
led to a moderately higher incidence of myelotoxic 
and gastrointestinal toxic effects and resulted in 
significantly longer progression-free survival than 
induction chemotherapy without veliparib main-
tenance therapy.
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