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Abstract

Background

As a poly-ADP ribose polymerase (PARP) inhibitor, veliparib has been identified as a poten-
tial therapeutic agent for lung cancer. The present study aimed to conduct a systematic
review of clinical trials investigating the efficacy and safety of veliparib for treating lung
cancer.

Methods

PubMed, Scopus, the Web of Science, and Google Scholar were systematically searched
up to October 30, 2022. Only randomized controlled trials (RCTs) evaluating the efficacy or
safety of veliparib in the treatment of lung cancer patients were included. Studies were
excluded if they were not RCTs, enrolled healthy participants or patients with conditions
other than lung cancer, or investigated therapeutic approaches other than veliparib. The
Cochrane risk-of-bias tool was used for quality assessment.

Results

The seven RCTs (n = 2188) showed that patients treated with a combination of veliparib and
chemotherapy had a significantly higher risk of adverse events, when compared to the con-
trol arm. There was no statistically significant difference in overall survival (OS) between
those treated with veliparib plus chemotherapy and those receiving the standard therapies.
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Only two trials demonstrated an improvement in progression-free survival (PFS), and only
one study found an increase in objective response rate (ORR). Furthermore, adding veli-
parib to standard chemotherapy showed no benefit in extending the duration of response
(DoR) in any of the studies.

Conclusions

Only a small number of studies have found veliparib to be effective, in terms of improved
0OS, PFS, and ORR, while the majority of studies found no benefit for veliparib over standard
treatment.

1. Introduction

Lung cancer has evolved from a rare and obscure disease to the second most common form of
cancer, with the highest rate of cancer-related mortality and one of the most dismal 5-year sur-
vival rates of all cancers [1]. Lung cancer is histologically and clinically classified into small cell
lung cancer (SCLC) and non-small cell lung cancer (NSCLC), which individually account for
approximately 15% and 85% of lung cancer histologic subtypes, respectively, with the latter
being further subcategorized into lung adenocarcinoma and squamous cell lung carcinoma
[2]. Despite tremendous breakthroughs in surgical and ablative strategies, as well as chemo-
therapy and radiation therapy, the relative 5-year survival rates for NSCLC and SCLC remain
roughly 26% and 7%, respectively, due to the scarcity of early diagnostic strategies and the
poor responsiveness of currently used treatment regimens [3, 4]. This highlights the need for
research into more individualized therapies. The discovery of actionable oncogenic mutations
has markedly improved the treatment of many cancers, as highlighted by the progression and
clinical application of targeted therapeutics hampering driver mutations [5]. Epigenetic and
expression-level profiling methods have substantially enhanced our insight into the implica-
tions of the DNA-damage repair (DDR) pathway deficits and the accompanying genomic
instability in tumor development and progression [6, 7].

Unlike normal cells, continuous therapeutic use of chemotherapy and/or radiation along
with endogenous sources comparatively predisposes tumor cells to DNA insults, while the
repairing systems are likely to be disrupted in these cells, resulting in the accumulation of
mutations that drive tumor progression [8]. DDR signaling triggers the transcription and
enhanced expression of repair proteins, notably poly-(ADP)-ribose polymerase (PARP),
which regulate multiple DDR pathways [9]. Since these pathways are essential for the repair of
DNA double-strand breaks during the S and G2 phases of the cell cycle, inhibiting the PARP
enzyme tends to increase PARP immobilization at DNA single-strand breaks and the conver-
sion of single-strand breaks to double-strand breaks, entailing homologous recombination
repair for replication forks to overcome this DNA lesion [10]. According to the synthetic
lethality theory, blocking both the single-strand break and the homologous recombination
repair mechanisms concurrently might synergistically reduce cell viability, rendering PARP, as
a fundamental component of the single-strand break, a viable therapeutic target for homolo-
gous recombination-deficient tumors [11]. Similarly, patients with homologous recombina-
tion-proficient tumors, including SCLC, can benefit from PARP inhibitors, but their
effectiveness is not as striking as it is in homologous recombination-deficit tumors [12]. Fur-
thermore, DDR mutations, such as ATM, PTEN, MRE11, and FANCA mutations, have been
found in a large proportion of lung cancer patients, as well as BRCA1/2 mutations in 5% of
patients, justifying the administration of PARP inhibitors to lung cancer patients [13, 14].
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Veliparib (ABT-888) is an oral selective PARP 1/2 inhibitor that has shown anticancer
activity in both homologous recombination-deficit and homologous recombination-proficient
tumors [15]. According to preclinical studies, veliparib sensitizes tumor cells to DNA-damag-
ing therapies, such as chemotherapy and radiation [16]. Platinum-based chemotherapy agents,
including cisplatin and carboplatin, and alkylating agents such as temozolomide, are known to
have therapeutic effects in lung cancer by damaging the DNA in cancer cells and inhibiting
their viability and proliferation. By combining veliparib with these chemotherapy agents, the
synergistic effects may enhance the therapeutic efficacy of the chemotherapy [17]. Thus, we
aimed to conduct a systematic review of the literature to evaluate the efficacy and safety of veli-
parib in combination with chemotherapy for the treatment of lung cancer.

2. Methods

This systematic review was conducted according to the Preferred Reporting Items for System-
atic Reviews and Meta-Analysis 2020 guidelines [18].

2.1. Literature search

PubMed, Scopus, and the Web of Science databases were searched, without any time or lan-
guage constraints, up to October 30, 2022. In order to find additional relevant studies, the first
30 pages of the Google Scholar search engine were manually searched [19]. Furthermore, back-
ward and forward citation searches of all included studies were performed. The search terms
used included a comprehensive combination of terms related to lung neoplasms and veliparib:
(“Veliparib” OR “ABT-888” OR “NSC 737664”) AND (“Lung Neoplasms” OR “Pulmonary
Blastoma” OR “Lung tumor” OR “Lung adenocarcinoma”) (S1 Table).

2.2. Study selection

Studies identified through the systematic search were all exported to EndNote 20 software, and
any duplicates were removed. Two researchers independently screened each publication’s title
and abstract using the inclusion criteria. The same two researchers then independently exam-
ined the entire texts of all studies that passed the first screening, and any disagreements were
resolved via discussion or consultation with a third researcher. Only randomized controlled
trials (RCTs) that evaluated the efficacy or safety of veliparib treatment in lung cancer patients,
regardless of their cancer type or stage, were included in this study. Moreover, there was no
minimum number of study participants for inclusion in the current study. Conversely, studies
that did not meet these inclusion criteria, such as those that involved healthy individuals or
patients with conditions other than lung cancer, or investigated therapeutic approaches that
did not include veliparib, were excluded.

2.3. Data extraction

Two researchers independently performed the data extraction, using a uniform data extraction
sheet in Microsoft Office Excel. The following data were extracted: 1) the study characteristics,
including title, first author’s name, publication year, country of study, phase of the trial, the
median length of the treatment, and the median follow-up duration; 2) the characteristics of
the enrolled participants, including study population, sample size, age range, sex ratio, smok-
ing status, Eastern Cooperative Oncology Group (ECOG) performance status, cancer ascer-
tainment, and characteristics; and 3) the main results and safety or efficacy outcomes of the
studies. All extracted data were double-checked by two other authors.
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2.4. Quality assessment

The risk of bias and quality of the included studies were independently assessed by two
researchers using version 2 of the Cochrane risk-of-bias tool for randomized trials (RoB2)
[20]. The RoB2 rates each study a low, high, or unclear risk of bias (some concerns) across five
domains: randomization process, deviations from the intended interventions, missing out-
come data, measurement of the outcome, and selection of the reported results. Any discrepan-
cies between the two researchers were settled via discussion or consultation with a third
researcher. The risk of bias graphs were created in R software, using the robvis package [21].

3. Results
3.1. Study selection

In the first step, there were 537 articles identified, of which 125 were duplicates and were
removed. After screening the titles and abstracts of the remaining 412 reports, another 390
reports were excluded, with the remaining 22 reports being further assessed for eligibility. Ten
reports were excluded due to the absence of a control arm [22-31], two studies had insufficient
data [32, 33], one study was excluded as the comparison between the intervention and control
arms was inappropriate [34], one study was not a clinical trial [35], and one study was a re-
analysis of a previous study [36]. After the exclusion of 15 studies, the remaining seven studies
met the eligibility criteria and were included in our review [37-43] (Fig 1).

3.2. Study characteristics

There were 2188 patients enrolled in the seven studies, which were conducted in more than 37
countries across the globe. In one study (Argiris et al.) there were two phases, the first of which
was conducted without a control arm [37]. The included studies consisted of one open-label
[43], one single-blind [37], and five remaining studies were all double-blind [38-42]. The sam-
ple size of the included studies ranged from 21 to 970 participants, while the follow-up dura-
tion ranged from 10-12 weeks to four years. The median age of the participants was from 60
to 70 years and the majority of the participants were male (72.0%). In addition, most of the
participants were current or former smokers (Tables 1 and 2). Each of these studies included
at least one treatment arm, which involved combination therapy with veliparib, and they all
detailed the simultaneous chemotherapy regimens and cycles that were employed. Carboplatin
plus paclitaxel was the most commonly utilized concurrent chemotherapy treatment, followed
by carboplatin plus etoposide, cisplatin plus etoposide, and the temozolomide chemotherapy
regimen (Table 1). The characteristics of the included participants are summarized in Table 2.

3.3. Assessment of risk of bias

All of the included studies were found to have a high overall risk of bias, with a high risk of
bias being noted in the measurement of outcomes in all studies. However, all studies had a low
risk of bias in the missing outcome data. In addition, the majority of the included studies [37-
42] (all but one) [43] were rated as having a low risk of bias in the selection of the reported
results (Fig 2 and S2 Table).

3.4. Efficacy

Survival outcomes were the primary endpoints in the included studies. All of these studies
reported progression-free survival (PFS), which only improved in two of the studies [38, 39].
The PES was similar between the chemotherapy plus veliparib and the chemotherapy alone
arms in the five remaining studies. The study conducted by Byers et al. included three arms:
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Fig 1. Study selection process.

https://doi.org/10.1371/journal.pone.0291044.9g001

veliparib plus chemotherapy followed by veliparib maintenance (i.e., veliparib throughout),
veliparib plus chemotherapy followed by a placebo (i.e., veliparib combination-only), or a pla-
cebo plus chemotherapy followed by a placebo (i.e., control arm). As the authors of the study
concluded, there was a statistically significant difference in PFS only between the veliparib
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Table 1. Baseline characteristics of the included studies.

Author Year Nation Study Groups | N Veliparib dosage Concomitant chemotherapy Follow-
type up
Argiris et al. 2021 USA Single- | VP +CT | 21 | Escalating doses (40, 80, 120 mg) Paclitaxel 45 mg/m2 followed by 10-12
[37] (Phase blind BID for 6 weeks carboplatin once a week for 6 weeks weeks
) RCT
Argiris et al. 2021 USA Single- | VP+CT | 18 | 120 mg BID for 6 weeks followed | Paclitaxel 45 mg/m” followed by carboplatin | 10-12
[37] (Phase blind CT 13 by 80 mg BID for 2 weeks (AUC 2) once a week for 6 weeks, followed | weeks
1I) RCT by 2 cycles of carboplatin (AUC 6),
paclitaxel (200 mg/m2) every 21 days
Byers et al. 2021 Multicenter Double- | VP +CT | 61 240 mg BID for 2 weeks in a Carboplatin (given at an AUC of 5 mg/mL/ N/A
[38] (12 countries) blind + VP 59 3-week chemotherapy cycle, min) on Day 1 and etoposide (100 mg/ m2)
RCT VP+CT | 61 | followed by 400 mg BID during 2 on Days
CT 3-weeks cycle maintenance 1-3 of each 21-day cycle (4 cycles in total).
240 mg BID for 2 weeks in a
3-week cycle chemotherapy,
followed by placebo
Govindan 2021 Multicenter Open- | VP + CT | 298 | 120 mg BID for 1 week in a 3-week Carboplatin (AUC 6 mg/mL/min) and 453
etal. [43] (20 countries) | label RCT CT 297 cycle up to 6 cycles paclitaxel (200 mg/m2) on Day 1 of each | months
21-day cycle 44.5
months
Owonikoko 2019 USA Double- | VP +CT | 64 | 100 mg BID for 1 week in a 3-week | Cisplatin (75 mg/ m2) on day 1, etoposide | 2 years
etal. [39] blind CT 64 cycle for 4 cycles (100 mg/ m2) on days 1 through 3 in a
RCT 3-week treatment cycle for 4 cycles
Pietanzaetal. | 2018 USA Double- | VP +CT | 55 | 40 mg BID for 1 week in a 4-weeks | Temozolomide 200 mg/m2/day on days 1to | N/A
[40] blind CT 49 cycle 5 of a 4-week cycle
RCT
Ramalingam 2017 | Multicenter (8 | Double- | VP + CT | 105 | 120 mg BID for 1 week of a 3-week | Carboplatin and paclitaxel on day 3 of each N/A
etal. [41] countries) blind CT 53 cycle for a maximum of 6 cycle. 3-week treatment cycle.
RCT
Ramalingam 2021 Multicenter Double- | VP + CT | 486 | 120 mg BID for a week in a 3-week Carboplatin (AUC 6 mg/mL/min) and 4 years
etal. [42] (37 countries) blind CT 484 cycle for 6 cycles paclitaxel (200 mg/ m2 on day 1 of each
RCT 3-week cycle.

Abbreviations: RCT: Randomized controlled trial; VP: Veliparib; CT: Chemotherapy; USA: United States of America; BID: Twice daily; AUC: Area under the curve; N/
A: Not available.

https://doi.org/10.1371/journal.pone.0291044.t001

throughout and control arm (p = 0.06; level of significant: p<0.2), but PES did not differ
between the veliparib combination-only and the control arm (p = 0.92) [38].

The overall survival (OS) was reported in all included studies, but only Ramalingam et al.
2021 [42] found a statistically significant difference between the treatment and control arms.
Furthermore, objective response rate (ORR) and the duration of response (DoR) were the other
outcomes that were measured in all and five [38, 40-43] of the included studies, respectively.
The ORR only favored the intervention arm in one study [40]. Moreover, adding veliparib to a
conventional chemotherapy regimen did not increase the DoR in any of the studies (Table 3).

In two studies [42, 43], tissue samples were taken to evaluate the level of the LP52 bio-
marker, and a subsequent subgroup analysis was done based on the presence or absence of this
biomarker. Although in the studies by Govindan et al. [43] and Ramalingam et al. 2021 [42]
the participants in the two arms had statistically similar PFS and OS, respectively, those who
had positive LP52 biomarkers showed improved efficacy.

3.5. Safety

All studies defined adverse events (AEs) using the National Cancer Institute-Common Ter-
minology Criteria for Adverse Events (NCI-CTCAE), version 4.0. Moreover, treatment-
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Table 2. Characteristics of the participants in the studies included in the systematic review.

Author Groups | N Age Sex Histopathology Smoking status Performance
(Median) status
M F SCC AC |LCC| SCLC | Other | Former | Current | Never | Missing 0 1
Argiris et al. VP+CT | 21|70(53-81) 14 7 8(38%) | 12 NA NA 1 13 4 (19%) 4 NA 11 10
2021 [37] (67%) | (33%) (57%) (5%) | (62%) (19%) (52%) | (48%)
Argiris et al. VP +CT | 18 | 64 (47-78) 7 11 10 8 NA NA NA | 9(50%) | 8(44%) | 1(6%)  NA 7 11
2021 [37] CT 13 | 65(56-75) | (39%) | (61%) | (56%) | (44%) 7 (54%) | 6 (46%) | NA NA | (39%) | (61%)
7 (% 6 5 (38%) 8 3 10
54) | (46%) (62%) (23%) | (77%)
Byers etal. 2021 | VP + CT | 61 | 62 (39-77) 40 21 NA NA NA 61 NA 31 29 1(1%) NA 21 39
[38] +VP 59 | 64 (46-86) | (65%) | (35%) (100%) (51%) (47%) | 3(5%) | 1(1%) | (35%) | (65%)
VP+CT | 61 |63(37-87) | 38 21 59 32 23 3(5%) | NA 16 42
CT (64%) | (36%) (100%) (55%) (40%) (28%) | (72%)
38 23 61 31 27 23 37
(62%) | (38%) (100%) (51%) | (44%) (38%) | (62%)
Govindanetal. | VP +CT | 298 | 63 (27-81) | 206 92 NA Non- - NA 146 152 NA NA 116 182
2021 [43] CT 297 | 64 (34-85) | (69%) | (31%) squamous (49%) (51%) (39%) | (61%)
207 90 Non-small 144 153 113 184
(70%) | (30%) cell lung (48%) (52%) (38%) | (62%)
cancer: 298
(100%)
297 (100%)
Owonikoko VP+CT | 64 | 66(59-72) | 34 30 NA NA | NA 64 NA NA NA NA NA 15 49
etal. 2019 [39] CT 64 | 64(59-70) | (53%) | (47%) (100%) NA (23%) | (77%)
32 32 64 22 42
(50%) | (50%) (100%) (34%) | (66%)
Pietanzaetal. | VP+CT | 55 | 63(31-80) 24 31 NA NA | NA 55 NA 49 (90%) 3(5%) | 3(5%) 16 39
2018 [40] CT 49 | 62 (35-84) | (43%) | (57%) (100%) 44 (90%) 1(2%) | 5(8%) | (29%) | (71%)
26 23 49 13 36
(53%) | (47%) (100%) (27%) | (73%)
Ramalingam | VP +CT | 105 | 63 (33-84) | 75 30 51 Non- NA NA 28 64 13 NA 35 70
etal.2017 [41] CT 53 | 62(46-79) | (71%) | (29%) | (49%) | squamous (27%) | (61%) | (12%) | NA | (33%) | (67%)
32 21 25 Non-small 14 31 8 17 36
(60%) | (40%) | (47%) cell lung (26%) (58%) | (15%) (32%) | (68%)
cancer: 54
(51%)
28 (53%)
Ramalingam VP + CT | 486 | 64 (36-83) | 411 75 486 NA NA NA NA 181 276 29 NA 166 320
etal. 2021 [42] CT 484 | 64 (33-84) | (85%) | (15%) | (100%) (37%) (57%) | (6%) NA (34%) | (66%)
384 100 484 181 276 27 165 319
(79%) | (21%) | (100%) (37%) (57%) | (6%) (34%) | (66%)

Abbreviations: AC: Adenocarcinoma; AUC: Area under the curve; BID: Twice daily; CT: Chemotherapy; F: Female; LCC: Large-cell carcinoma; M: Male; N: Number;
NA: Not available; SCC: Squamous cell carcinoma; SCLC: Small cell lung cancer; USA: United States of America; VP: Veliparib.

https://doi.org/10.1371/journal.pone.0291044.t1002

related AEs were reported in both the intervention and control arms across all studies.
Hematologic AEs, including anemia, neutropenia, lymphopenia, leukopenia, thrombocyto-
penia, and febrile neutropenia were the most commonly reported treatment-related AEs, fol-
lowed by non-hematologic AEs such as fatigue, nausea, vomiting, dizziness, dermatologic
AE:s (e.g., alopecia and dry skin), myalgia, arthralgia, constipation, diarrhea, and dyspnea.
The most common AEs reported in the control arms were fatigue, nausea, constipation, ane-
mia, neutropenia, and thrombocytopenia. Most of the deaths were not related to the received
treatments. Four cases of grade-5 treatment-related AEs were reported in two of the studies
[37, 38] (Table 4).
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4. Discussion

The present qualitative synthesis of the seven RCTs showed that in most studies there were no
statistically significant differences between those who received veliparib and the controls, in
terms of OS, PFS, ORR, and DoR. Regarding the safety profile, the frequency of any grade and
severe grade AEs were generally higher in the intervention group containing veliparib, than
among the controls.

The use of PARP inhibitors alone, or in combination with other regimes, can be used for
SCLC management for repairing DNA damage, inhibiting DNA damage, or activating the
immune system [44]. Most of the previous studies using PARP inhibitors to treat SCLC used
olaparib or veliparib and demonstrated modest efficacy [45]. The efficacy measures that were
most frequently reported in the included studies were OR, PES, and ORR. The meta-analysis
by Bao and colleagues on PARP inhibitors in cancer therapy showed that PARP inhibitors sig-
nificantly increased the PFS (HR: 0.67; 95% CI: 0.50-0.90) [46]. However, PARP inhibitors
had no significant effect on PFS (HR: 0.98; 95% CI: 0.83-1.15) or OS (HR: 1.00; 95% CI: 0.76-
1.31) among lung cancer patients [46]. Another recent meta-analysis on the efficacy of PARP
inhibitors for treating solid tumors found that PARP inhibitors did not improve the OS and
ORR for NSCLC and SCLC (p<0.05), while it only improved PES in SCLC (HR: 0.77; 95% CI:
0.63-0.95) [47]. The subgroup analysis by type of PARP inhibitor showed that veliparib can
significantly improve the PFS (HR: 0.82; 95% CI: 0.80-0.97), while it did not reveal any statisti-
cally significant improvement in ORR (HR: 1.04; 95% CI: 0.89-1.22) or OR (HR: 0.93; 95% CI:
0.83-1.05) [47]. Similarly, we found that only two studies reported improvements in PFS and
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Table 3. Efficacy of the treatments in the included studies.

Study ID Efficacy
Intervention Control
ORR PFS oS DoR ORR PFS oS DoR
Argiris | Phase | Outcomes from | Outcomes from | Outcomes from | NA NA NA NA NA
etal. 1 initial initial initial
(2021) registration registration registration
[37] (Start of CRT): | (Start of CRT): (Start of CRT):
N =18, 86% Median in months | Median in
(64%-97%) (95% CI): 11.5 months (95% CI):
(9.5,19.2) 32.9(13.8,37.8)
1-year estimate 1-year estimate:
(95% CI): 40% 70% (45%, 85%)
(19%, 60%) Outcomes from
Outcomes from start of
start of consolidation:
consolidation: 1-year estimate:
1-year estimate 79% (47%, 93%)
(95% CI): 50%
(23%, 72%
Phase | Outcomes from | Outcomes from | Outcomes from | NA Outcomes Outcomes from | Outcomes from | NA
2 initial initial initial from initial initial initial
registration registration registration registration registration registration
(Start of CRT): | (Start of CRT): (Start of CRT): (Start of (Start of CRT): (Start of CRT):
N =10, 56% HR (95% CI): 1.47 | HR (95% CI): CRT): HR (95% CI): HR (95% CI):
(31%, 78%) (0.59, 3.66) 0.65 (0.24, 1.75) N=9,69% 0.20 0.19
Median in months | Median in (38%, 91%) Median in Median in
(95% CI): 9.3 (7.3, | months (95% CI): months (95% CI): | months (95%
17.4) 27.6 (17.4, 27.6) 9.9 (5.7, 23.6) CI): 15.2 (6.6,
1-year estimate 1-year estimate: 1-year estimate 20.6)
(95% CI): 41% 89% (61%, 97%) (95% CI): 46% 1-year estimate:
(18%, 63%) Outcomes from (19%, 70%) 54% (25%, 76%)
Outcomes from | start of Outcomes from | Outcomes from
start of consolidation: start of start of
consolidation: HR (95% CI): consolidation: consolidation:
HR (95% CI): 1.65 | 0.71 (0.23, 2.20) HR (95% CI): HR (95% CI):
(0.54,5.01) 1-year estimate: 0.19 0.28
1-year estimate 76% (42%, 91%) 1-year estimate 1-year estimate:
(95% CI): 43% (95% CI): 40% 50% (18%, 76%)
(16%, 68%) (12%, 67%)
Byers et al. Throughout: Median in months | Median in Median in 64% Median in Median in Median in
(2021) [38] 77% (CR:3.3%) | Throughout: 5.8 | months months (CR: 3.3%) months: 5.6 months: 12.4 months: 5.3
Combination: | Combination: 5.7 | Throughout: 10.1 | Throughout: 4.7 | no statistically
59% (CR: 3.4%) Combination: Combination: significant
10.0 4.3 differences in
ORR were
observed
between
treatment
arms
Govindan etal. | 78 (26) 5.9 months (5.0- | 11.2 months (HR: | 7.3 months 86 (29) 6.7 months (5.6—- | 9.2 months 6.6 months
(2021) [43] CR:2 (1) 6.5) 0.644 [95% CI: CR:2 (1) 7.2)
(HR: 1.035 [95% 0.396-1.048],
CI: 0.867-1.235]; | stratified log-rank
nominal 2- sided | 2-sided P =.113)
P =0.473)
Owonikoko 71.9%; one- 6.1 months (95% | 10.3 months (95% | NA 65.6%; one- 8.9 months (95% | 8.9 months NA
etal. (2019) [39] | sided Fisher CI,59t06.7 CI, 8.9-12.0 sided Fisher CI, 8.3-11.3 (95% CI, 8.3—
P=0.29 months) months) P=0.29 months) 11.3 months)
(Continued)
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Table 3. (Continued)

Study ID

ORR

Pietanza et al. 39%; 95% CI,

(2018) [40] 25%-54%
P=0.016
Ramalingam 32.4%; 95% CI,
etal. (2017) [41] | 23.6-42.2
Ramalingam 0.37

etal. (2021) [42]

Intervention
PFS 0S
3.8 months (log- | 8.2 months (95%
rank P = .39; CI, 6.4-12.2

hazard ratio, 0.84;
95% CI, 0.56-
1.25)

5.8 months (95%
CI,

4.3-6.5)

(HR, 0.72; 95%
CI, 0.45-1.15)

In squamous cell
histology:

6.5 months (95%
CI, 4.4-8.4)

(HR, 0.54; 95%
CL, 0.26-1.12)

In non-squamous
histology:

There was no
difference in
median PFS
between the 2
groups (HR, 0.87;
95% CI, 0.48—
1.59)

In the ITT
population:

5.6 months; 95%
Cl, 5.6-5.8

HR, 0.897; 95%
Cl, 0.779-1.032;
stratified log-rank
P, 0.107

months; P = 0.50)

11.7 months; 95%
CL, 8.8-13.7

HR, 0.80 (95% CI,
0.54-1.18; P 14
0.27)

In squamous cell
histology:

10.3 months; 95%
CI, 8.3-13.2

(HR, 0.73; 95%
CI, 0.43-1.24)

In non-
squamous
histology:

12.8 months; 95%
Cl, 8.0-17.2

HR, 0.90; 95% cl,
0.51-1.58

11.9 months; 95%
Cl, 10.5-13.5

HR, 0.905; 95%
Cl, 0.744-1.101;
stratified log-rank
P, 0.266

In the ITT
population:

12.2 months; 95%
Cl, 10.9-13.5

HR, 0.853; 95%
Cl, 0.747-0.976;
stratified log-rank
P, 0.032

Efficacy

DoR
4.61 months

ORR
14%; 95% CI,

(95% CI, 2.86-9.9 | 5% to 27%;

months) (N = 19)

6.9 months (95%
CI, 4.5-7.0)
(HR, 0.47; 95%
CIL, 0.16-1.42)

Among patients
who achieved an
overall response
(N =180 per
arm):

5.4 months

P=0.016

32.1%; 95%
CI, 19.9-46.3

0.37

Control
PFS (O]
2.0 months 7.0 months
(95% CI, 5.3 to
9.5 months;
P = 0.50)
4.2 months (95% | 9.1 months;
CI, 3.1-5.6) 95% CI, 5.4-
In squamous cell | 12.3
histology: In squamous
4.1 months (95% | cell histology:
CI, 2.8-NA) 8.4 months;
In non- 95% CI, 5.0
squamous 12.9
histology: 11.1 months;
There was no 95% Cl, 4.8-
difference in 14.6
median PFS
between the 2
groups (HR, 0.87;
95% CI, 0.48-
1.59)
In the ITT 11.1 months;
population: 95% Cl, 9.6 to
12.2 months; 95% | 12.6
Cl, 5.5-5.7 In the ITT
population:
11.2 months;

95% Cl, 10.1-
12.6

DoR

3.68 months
(95% CI,
2.76 months
to not
achieved)
(N=6)

4.3 months
(95% CI,
2.8-not
available)

Among
patients who
achieved an
overall
response

(N =180 per
arm):

5.5 months

Abbreviations: CI: Confidence interval; CRT: Chemoradiotherapy; DoR: Duration of response; HR: Hazard ratio; ITT: Intent-to-treat; NA: Not available; N: Number;

ORR: Objective response rate; OS: Overall survival; PES: Progression-free survival; CR: Complete response.

https://doi.org/10.1371/journal.pone.0291044.t003

only one study reported improvements in OS or ORR. One of the limitations of meta-analyses
is that the analyses are likely to lead to insignificant results when there are a small number of
primary studies available. Therefore, the meta-analyses should be re-run in the future with a
larger number of studies.
The efficacy and safety of PARP inhibitors have also been investigated for other types of
cancer. The results of a network meta-analysis showed significantly improved PFS (HR: 0.37;
95% CI: 0.20-0.69) and ORR (HR: 7.07; 95% CI: 1.83-27.32) for veliparib + chemotherapy,
compared with chemotherapy alone, while it was not significant in terms of pathologic com-
plete response (HR: 2.06; 95% CI: 0.84-5.07) [48]. Moreover, PARP inhibitors have also been
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Table 4. Reported adverse events among the included studies.

Study ID
Argirisetal. | Phase
(2021) [37] 1
Phase
2

Byers et al. (2021) [38]

Govindan et al. (2021)
[43]

Intervention
Chemoradiation Grade 4 lymphopenia (14%)
therapy Grade 4 neutropenia (5%)

Adverse event (%)9

Grade 3 AEs (57%), which were mostly hematologic.

Treatment-related death (5%) due to esophageal perforation 8

months after completing chemoradiation therapy

Consolidation therapy | Grade 4 neutropenia (21%)

Treatment related death (7%) due to neutropenic sepsis

Chemoradiation
therapy

Grade 4 lymphopenia (12%)
Grade 3 AEs (35%)

Consolidation therapy | Grade 4 neutropenia (16%)
Grade 4 lymphopenia (8%)
Grade 3 AEs (42%)

Grade 3/4 AEs (82%)

Serious AEs (55%)

Febrile neutropenia (8%)
Thrombocytopenia (5%)
Pneumonia (10%)
Treatment-related death (11%)

Grade 3/4 AEs (88%)

Serious AEs (67%)

Febrile neutropenia (12%)
Thrombocytopenia (10%)
Pneumonia (2%)
Treatment-related death (17%)

Veliparib throughout

Veliparib
combination-only

Grade 3/4 AEs (68%)

Serious AEs (41%)

Grade 3/4 alopecia (<1%)

Grade 3/4 peripheral sensory neuropathy (5%)
Grade 3/4 anemia (17%)

Grade 3/4 neutropenia (29%)
Grade 3/4 nausea (2%)

Grade 3/4 fatigue (2%)

Grade 3/4 thrombocytopenia (7%)
Grade 3/4 constipation (1%)
Grade 3/4 decreased appetite (2%)
Grade 3/4 diarrhea (2%)

Grade 3/4 dyspnea (3%)

Grade 3/4 leukopenia (7%)

Grade 3/4 vomiting (1%)

Grade 3/4 arthralgia (2%)

Grade 3/4 myalgia (1%)

Grade 3/4 insomnia (0%)

Grade 3/4 asthenia (1%)

Grade 3/4 cough (<1%)

Grade 3/4 pneumonia (6%)

Grade 3/4 stomatitis (<1%)

Grade 3/4 febrile neutropenia (5%)
Grade 3/4 pulmonary embolism (2%)

Control
NA

NA

Grade 4 hypoglycemia (6%)
Grade 4 lymphopenia (12%)
Grade 3 AEs (46%)

Grade 5 pneumonitis followed by grade 4
lymphopenia, which led to death (10%)
Grade 4 hyperglycemia (10%)

Grade 3 AEs (10%)

Grade 3/4 AEs (68%)

Serious AEs (45%)

Febrile neutropenia (5%)
Thrombocytopenia (3%)
Pneumonia (0%)
Treatment-related death (8%)

NA

Grade 3/4 AEs (57%)

Serious AEs (34%)

Grade 3/4 alopecia (0%)

Grade 3/4 peripheral sensory neuropathy (1%)
Grade 3/4 anemia (16%)

Grade 3/4 neutropenia (18%)
Grade 3/4 nausea (2%)

Grade 3/4 fatigue (3%)

Grade 3/4 thrombocytopenia (9%)
Grade 3/4 constipation (0%)
Grade 3/4 decreased appetite (3%)
Grade 3/4 diarrhea (1%)

Grade 3/4 dyspnea (3%)

Grade 3/4 leukopenia (5%)

Grade 3/4 vomiting (2%)

Grade 3/4 arthralgia (1%)

Grade 3/4 myalgia (<1%)

Grade 3/4 insomnia (<1%)

Grade 3/4 asthenia (2%)

Grade 3/4 cough (<0%)

Grade 3/4 pneumonia (7%)

Grade 3/4 stomatitis (1%)

Grade 3/4 febrile neutropenia (2%)
Grade 3/4 pulmonary embolism (5%)

(Continued)
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Table 4. (Continued)

Study ID

Owonikoko et al. (2019)
(39]

Pietanza et al. (2018)
[40]

Ramalingam et al.
(2017) [41]

Ramalingam et al.
(2021) [42]

Adverse event (%)9

Intervention

Anemia: grade 3 (17%), grade 4 (2%)
Febrile neutropenia: grade 3 (5%)

Fatigue: grade 3 (3%)

Lymphopenia: grade 3 (8%)

Neutropenia: grade 3 (20%), grade 4 (29%)
Leukopenia: grade 3 (8%), grade 4 (11%)
Dehydration: grade 3 (5%), grade 4 (2%)
Hyperglycemia: grade 3 (5%)
Hyponatremia: grade 3 (12%)

Acute kidney injury: grade 3 (5%)

Anemia: Grade 1/2 (43%), Grade 3/4 (11%)
Leukopenia: Grade 1/2 (30%), Grade 3/4 (24%)
Lymphopenia: Grade 1/2 (15%), Grade 3/4 (20%)
Neutropenia: Grade 1/2 (11%), Grade 3/4 (31%)
Febrile Neutropenia: Grade 1/2 (0%), Grade 3/4 (4%)
Thrombocytopenia: Grade 1/2 (24%), Grade 3/4 (50%)
Alkaline phosphatase increase: Grade 1/2 (15%), Grade 3/4 (0%)
Anorexia: Grade 1/2 (19%), Grade 3/4 (0%)
Constipation: Grade 1/2 (17%), Grade 3/4 (2%)
Dermatologic: Grade 1/2 (11%), Grade 3/4 (0%)
Dizziness: Grade 1/2 (11%), Grade 3/4 (0%)

Fatigue: Grade 1/2 (44%), Grade 3/4 (4%)

Nausea: Grade 1/2 (41%), Grade 3/4 (0%)

Vomiting: Grade 1/2 (17%), Grade 3/4 (0%)

Serious AEs (27%)

Grade >3 Neutropenia (19%)
Grade >3 Anemia (10%)

Grade >3 Alopecia (7%)

Grade >3 Leukopenia (6%)

Grade >3 Thrombocytopenia (5%)
Grade >3 Nausea (4%)

Grade >3 Hyperkalemia (4%)
Grade >3 Arthralgia (3%)

Grade >3 Fatigue (3%)

Grade >3 Hypersensitivity (3%)
Grade >3 Hyponatremia (2%)
Grade >3 Myalgia (2%)

Grade >3 Weight loss (2%)

Grade > 3 AEs (60%)

Serious AEs (32%)

Grade 3/4 anemia (10%)

Grade 3/4 neutropenia (24%)
Grade 3/4 thrombocytopenia (6%)

Control

Anemia: grade 3 (12%)

Febrile neutropenia: grade 3 (5%), grade 5 (2%)
Fatigue: grade 3 (5%)

Lymphopenia: (0%)

Neutropenia: grade 3 (14%), grade 4 (18%)
Leukopenia: grade 3 (12%), grade 4 (2%)
Dehydration: grade 3 (3%)

Hyperglycemia: (0%)

Hyponatremia: grade 3 (2%), grade 4 (5%)
Acute kidney injury: grade 3 (2%), grade 4 (2%)

Anemia: Grade 1/2 (41%), Grade 3/4 (2%)
Leukopenia: Grade 1/2 (17%), Grade 3/4 (7%)
Lymphopenia: Grade 1/2 (11%), Grade 3/4 (26%)
Neutropenia: Grade 1/2 (0%), Grade 3/4 (7%)
Febrile Neutropenia: Grade 1/2 (0%), Grade 3/4
(0%)

Thrombocytopenia: Grade 1/2 (33%), Grade 3/4
(9%)

Alkaline phosphatase increase: Grade 1/2 (4%),
Grade 3/4 (0%)

Anorexia: Grade 1/2 (11%), Grade 3/4 (0%)
Constipation: Grade 1/2 (24%), Grade 3/4 (0%)
Dermatologic: Grade 1/2 (7%), Grade 3/4 (0%)
Dizziness: Grade 1/2 (2%), Grade 3/4 (0%)
Fatigue: Grade 1/2 (43%), Grade 3/4 (4%)
Nausea: Grade 1/2 (35%), Grade 3/4 (0%)
Vomiting: Grade 1/2 (13%), Grade 3/4 (2%)

Serious AEs (23%)

Grade >3 Neutropenia (23%)
Grade >3 Anemia (10%)

Grade >3 Alopecia (6%)

Grade >3 Leukopenia (0%)
Grade >3 Thrombocytopenia (6%)
Grade >3 Nausea (0%)

Grade >3 Hyperkalemia (2%)
Grade >3 Arthralgia (0%)
Grade >3 Fatigue (0%)

Grade >3 Hypersensitivity (0%)
Grade >3 Hyponatremia (2%)
Grade >3 Myalgia (0%)

Grade >3 Weight loss (0%)
Grade > 3 AEs (58%)

Serious AEs (34%)
Grade 3/4 anemia (11%)

9 Adverse events were defined using the National Cancer Institute-Common Terminology Criteria for Adverse Events (NCI-CTCAE), version 4.0.
Abbreviations: AE: Adverse event; NA: not available.

https://doi.org/10.1371/journal.pone.0291044.t1004

used to treat prostate cancer, although veliparib has been found to be the least potent of the
PARPs evaluated [49]. For ovarian cancer, PARP inhibitors significantly improved PFS (HR:
0.51; 95% CI: 0.40-0.65), when compared with a placebo or chemotherapy alone [50]. The dif-
ferences between the findings on the efficacy of PARP inhibitors, in particular veliparib, for

different solid tumors may be as a result of variations in the inclusion/exclusion criteria, types

of analyses used, and the number of studies included.
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The descriptive results on the frequency of AEs in patients with lung cancer revealed an over-
all higher frequency of any grade and severe grade AEs in those receiving veliparib plus chemo-
therapy, compared with those receiving standard chemotherapy. Interestingly, a study by Bao
et al. on the safety of PARP inhibitors in treating cancers, reported a decreased risk of asthenia
(RR: 0.34; 95% CI: 0.14-0.82) and an increased risk of neutropenia (RR: 1.14; 95% CI: 1.01-
1.29), while there were no differences between the intervention and control groups for other
respiratory, gastrointestinal, and hematologic AEs [46]. A systematic review of trials among
patients with advanced ovarian cancer showed that those receiving PARP inhibitors had a signif-
icantly higher risk of hematologic and gastrointestinal AEs [51]. Overall, it seems that patients
with different types of cancer, in particular lung cancer, who receive PARP inhibitors might
have a higher frequency of any grade and severe grade AEs, compared with those on standard
chemotherapy, although this should be further investigated in future RCT's and meta-analyses.

The studies included in our systematic review received low-quality ratings, using the last
version of the Cochrane RoB2 tool. In contrast, a systematic review and meta-analysis on
PARP inhibitors in solid tumors, which included 29 studies, showed a low risk of bias in most
domains and the only domain with a high risk of bias was performance bias, due to the inclu-
sion of open-label studies [47]. These differences can be explained by the use of different qual-
ity rating tools (version 1 vs. version 2 of the Cochrane risk of bias assessment) and the
evaluation of different studies [47]. A study by Chang et al., which evaluated the efficacy and
safety of PARP inhibitors for treating breast cancer, also used the Cochrane RoB2 for quality
assessment [52]. They found that two of the six trials had a high risk of bias, which was due to
the missing outcome data domain [52]. In addition, in a meta-analysis of studies using PARP
inhibitors as maintenance therapy for ovarian cancer, a low risk of bias was found in all six of
the included RCTs using the Cochrane RoB2 [53]. The high risk of bias among the included
studies in our systematic review was mostly due to the measurement of the outcome domain.
Therefore, it is of great importance to conduct further high-quality RCTs for treating lung can-
cer patients with veliparib, with specific attention to the deviation from intended interventions
and the measurement of outcomes. The high risk of bias in the studies included in our system-
atic review should be noted in the interpretation and generalization of the study outcomes.

The safety and efficacy of PARP inhibitors have been previously evaluated in patients with
several different types of cancer [46, 47]. However, to the best of our knowledge, this is the first
study that has specifically focused on veliparib in patients with lung cancer. However, the cur-
rent systematic review has several limitations that should be taken into consideration when
interpreting the results. Firstly, the number of included studies is relatively small, so the find-
ings should be interpreted with some caution. Secondly, due to the heterogeneity between the
studies, especially in terms of the interventions and subjects in the control group, a meta-anal-
ysis and sub-group analysis could not be performed. Thirdly, we searched three online data-
bases, in addition to grey literature, but there is still the possibility that some eligible studies
were missed. Fourthly, all of the included studies had a high risk of bias, which also highlights
the need to interpret the data with some caution. Fifthly, due to the limited number of studies,
we could not evaluate selection or publication bias. In addition, although we mentioned the
demographic and clinical characteristics of participants, there might be other confounding
variables that were not evaluated. Finally, this research can be seen as a guide to further robust
research on the clinical use of veliparib as a PARP inhibitor in patients with lung cancer.

5. Conclusion

Although veliparib has been shown to improve the OS, PFS, and ORR in a small number of
studies, for the majority there were no significant differences between the intervention and
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control arms. In addition, veliparib plus chemotherapy showed a higher rate of AEs than did
standard chemotherapy for lung cancer. There is a critical need for additional high-quality
clinical trials on the safety and efficacy of veliparib in lung cancer patients. Upon completion
of these studies, a meta-analysis would also be recommended.
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