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A Dose-finding Study Followed by a Phase II
Randomized, Placebo-controlled Trial of
Chemoradiotherapy With or Without Veliparib in
Stage III Non–small-cell Lung Cancer: SWOG
1206 (8811)
Athanassios Argiris,1,2 Jieling Miao,3,4 Mihaela C. Cristea,5 Allen M. Chen,6
Jacob M. Sands,7 Roy H. Decker,8 Scott N. Gettinger,8 Megan E. Daly,9
Bryan A. Faller,10 Kathy S. Albain,11 Ronald H. Yanagihara,12 Linda L. Garland,13
Lauren A. Byers,14 Ding Wang,15 Marianna Koczywas,5 Mary W. Redman,3,4
Karen Kelly,9 David R. Gandara9
Abstract
We evaluated the incorporation of veliparib, a PARP inhibitor, into chemoradiotherapy with carboplatin and
paclitaxel for stage III non–small-cell lung cancer. In the phase I part that enrolled 21 patients we selected
veliparib dose of 120 mg twice daily as the recommended phase II dose. The phase II part enrolled 31 eligible
patients. Progression-free survival was not different between the 2 arms (P = .20). Veliparib with chemoradiotherapy was feasible and well tolerated. Efﬁcacy could not be accurately determined because of early study
closure.
Background: We conducted a 2-part study to evaluate the incorporation of veliparib, a PARP inhibitor, into chemoradiotherapy (CRT) for stage III non–small-cell lung cancer. Patients and Methods: In the phase I part, patients were
treated successively at 3 dose levels of veliparib (40, 80, and 120 mg) twice daily during CRT. In the phase II part,
patients were randomized to receive veliparib or placebo during thoracic radiotherapy with concurrent weekly carboplatin and paclitaxel, followed by 2 cycles of consolidation carboplatin and paclitaxel with veliparib or placebo. The study
was prematurely discontinued owing to the emergence of adjuvant immunotherapy as standard of care. Results: Of 21
patients enrolled in phase I, 2 patients developed dose-limiting toxicities (DLTs): 1 grade 3 esophagitis with dysphagia
(at 40 mg) and 1 grade 3 esophagitis with dehydration (at 80 mg). No DLTs were seen at veliparib dose of 120 mg twice
daily, which was selected for the phase II part that enrolled 31 eligible patients. Progression-free survival (PFS) was not
different between the 2 arms (P = .20). For the veliparib and placebo arms, response rates were 56% and 69%, PFS at
1 year 47% and 46%, and overall survival at 1 year 89% and 54%, respectively. Conclusion: Veliparib with CRT was
feasible and well tolerated. Efﬁcacy could not accurately be determined because of early study closure. Nonetheless,
there is enthusiasm for the evaluation of PARP inhibitors in lung cancer as predictive biomarkers are being developed
and combinations with immunotherapy are attractive.
Clinical Lung Cancer, Vol. 22, No. 4, 313–323 © 2021 Elsevier Inc. All rights reserved.
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A Dose-finding Study Followed by a Phase II
Introduction
Lung cancer is the leading cause of cancer-related deaths in the
United States among both sexes, whereas worldwide it is the most
common cause of cancer deaths among men and the second leading
cause of cancer death in women.1 Approximately 20% of patients
with non–small-cell lung cancer (NSCLC) have stage III disease at
presentation.1 Combined modality treatment with radiation therapy
(RT) and concurrent chemotherapy using either etoposide and
cisplatin or carboplatin and paclitaxel is the standard of care for the
treatment of stage III, unresectable NSCLC.2-4 Unfortunately only
20% of patients achieve long-term survival.5 Studies that attempted
to escalate RT dose failed to demonstrate any benefit.6 Recent
advances are limited to the addition of an immune checkpoint
inhibitor, durvalumab, as consolidation therapy after chemoradiotherapy (CRT). This approach has demonstrated an improvement in
both progression-free survival (PFS) and overall survival (OS) over
CRT alone in a phase III trial (“PACIFIC” trial).7 Further advances
in treatment outcomes continue to be an area of clinical need in this
patient population.
Veliparib (ABT-888) is an oral poly (ADP-ribose) polymerase
(PARP) inhibitor that may potentiate the effect of DNA-damaging
agents, including radiation and chemotherapy.8
Gain of DNA repair capacity of the tumor represents a common
mechanism used by cancer cells to survive DNA-damaging therapy.
PARP-1 is a nuclear enzyme that is activated by DNA damage
and plays a critical role in base excision repair. Inhibition of PARP
represents an attractive approach for the treatment of cancer. A
single-dose pharmacokinetic and pharmacodynamic endpoint study
(single doses of veliparib at 10, 25, or 50 mg) was conducted in
13 patients with advanced cancer.9 Target inhibition of poly (ADPribose) levels was reported in tumor biopsies and peripheral blood
mononuclear cells at the 25- and 50-mg dose levels. An initial phase
I trial of carboplatin, paclitaxel plus veliparib evaluated the recommended phase II doses and drug pharmacokinetics,10 whereas a
subsequent phase II trial with this regimen using a veliparib dose of
120 mg twice daily showed promising results in advanced NSCLC,
especially in squamous cell carcinoma.11 Synergy has been noted
with combined veliparib and radiation in lung cancer models.12
Based on these data we conducted a phase I dose-finding trial
followed by a randomized phase II study to evaluate the safety, tolerability, and preliminary efficacy of veliparib added to the backbone
of standard CRT with carboplatin and paclitaxel in the curative
setting treatment of stage III NSCLC (SWOG trial S1206; ClinicalTrials.gov Identifier: NCT01386385).

Patients and Methods
Patient Selection
Eligibility included adult patients with previously untreated,
unresectable stage IIIA/IIIB (American Joint Committee on Cancer,
7th edition), NSCLC (adenocarcinoma, large cell carcinoma,
Submitted: Nov 21, 2020; Revised: Feb 13, 2021; Accepted: Feb 15, 2021; Epub: 19
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squamous cell carcinoma, or mixed). All patients underwent brain
imaging with computed tomography (CT) or magnetic resonance
imaging scan. Documentation of measurable disease was required
within 28 days of registration. All patients had measurable or evaluable disease as per RECIST 1.1,13 Eastern Cooperative Oncology
Group performance status 0-1, and adequate hematologic, renal,
hepatic, and pulmonary function as evidenced by all of the following: absolute neutrophil count (ANC) ≥ 1500/µL; platelets ≥
100,000/µL; hemoglobin ≥ 9.0 g/dL; total bilirubin within institutional upper limit of normal (IULN) and aspartate aminotransferase
or alanine aminotransferase ≤ 2.5 x IULN; serum creatinine ≤ the
IULN or creatinine clearance ≥ 60 cc/min using the CockroftGault formula (for patients with creatinine levels above institutional normal); forced expiratory volume in 1 second (FEV1 ) ≥
1.2 liters/second and/or ≥ 50% predicted. Patients must have been
able to swallow whole capsules and had no more than 10% weight
loss in the prior 6 months. No other prior malignancy was allowed
except for the following: adequately treated basal cell or squamous
cell skin cancer, in situ cervical cancer, adequately treated stage I or
II cancer in complete remission, or any other cancer from which the
patient was disease-free for a minimum of 5 years. Patients were also
excluded if they had grade ≥ 1 symptomatic neuropathy-sensory
(National Cancer Institute Common Terminology Criteria Version
4.0), history of seizures, any known immune deficiencies, uncontrolled intercurrent illness, including active infections, symptomatic
congestive heart failure, unstable angina pectoris, cardiac arrhythmia, or psychiatric illness/social situations that would limit compliance with study requirements.
The institutional review board of each of the participating centers
approved the conduct of this trial led by SWOG in accordance with
the Declaration of Helsinki and Good Clinical Practice. Written
informed consent was obtained from all patients prior to inclusion
into the study according to institutional guidelines.

Treatment Plan
Patients received paclitaxel 45 mg/m2 intravenously over 1 hour
followed by carboplatin (area under the curve [AUC] 2) intravenously over 30 minutes once weekly during RT, which was given
to a total dose of 60 Gy in 30 fractions (Monday to Friday) over 6
weeks utilizing standard fractionation (1 fraction per day). Either 3dimensional conformal treatment planning or intensity-modulated
RT was utilized. Proton therapy was not allowed in this study. The
primary tumor and clinically positive lymph nodes seen either on
the planning CT (> 1 cm short axis diameter) or pretreatment
positron emission tomography (PET) scan (standard uptake value
[SUV] > 3) constituted the gross tumor volume (GTV). The clinical target volume (CTV) was defined to be the GTV plus a 0.5to 1-cm margin as appropriate to account for microscopic tumor
extension. Elective treatment of the mediastinum and supraclavicular fossae was not done. Any mediastinal node detected by CT
scan > 1.0 cm (short axis) or with SUV > 3 on pretreatment PET
scan was included as GTV, with the appropriate margin to create
the CTV. The planning target volume (PTV) was the CTV plus a
margin to ensure that the prescribed dose was actually delivered to
the GTV. The PTV was within a range of 0.5 to 1.5 cm, depending on variations in treatment delivery, including variations in setup
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between treatments, patient motion during treatment, movement
of the tissues that contain the GTV, and size variations in the
tissue containing the GTV. The prescribed dose to the PTV was
60 Gy. The spinal cord dose limitation was the highest priority dose
constraint. Total “direct” plus “scatter” dose to the spinal cord was
not to exceed 50.5 Gy. The dose-volume constraint to the lungs was
the second highest priority. The volume of both lungs that receive
more than 20 Gy (the V20) should not exceed 37% of the total lung
volume. Alternatively, the mean lung dose should optimally be ≤ 20
Gy. The mean dose to the esophagus was optimally kept below 34
Gy. The V60 (percent volume of esophagus exceeding 60 Gy) was
calculated for each patient. For the heart, the following limits were
recommended: 60 Gy to < 1/3, 45 Gy to < 2/3, and 40 Gy to
< 100% of the heart. Patients registered to this study underwent
RT review by the Quality Assurance Review Center. Materials were
required to be submitted within 3 days after initiation of treatment.
Veliparib (NSC 737664/IND 77840) and matching placebo were
provided free of charge by Abbott Laboratories and distributed by
the National Cancer Institute (NCI).
In the phase I part of the study, veliparib (supplied as 20-mg
capsules) was administered at escalating doses (40, 80, 120 mg)
twice a day starting the first day of RT, continuously during RT,
and for 1 additional day after RT completion. In the phase II part,
veliparib at 120 mg twice daily or placebo was administered during
RT and for 1 additional day after RT completion. Capsules were
taken without regard to meals. Missed doses were not made up. Four
to 6 weeks after completing CRT, patients without disease progression on restaging scans, who met protocol-specified criteria, received
2 cycles of carboplatin (AUC 6), paclitaxel (200 mg/m2 ) every 21
days, and veliparib 80 mg (or placebo) twice daily on days 1 to 7
of each cycle. No dose reductions of carboplatin and paclitaxel were
allowed during CRT, but weekly doses were skipped for protocolspecified hematologic (eg, grade 3 to 4 neutropenia or grade 2 to
4 thrombocytopenia) and nonhematologic toxicities on the day of
due treatment. Patients who skipped chemotherapy owing to toxicity also held veliparib until treatment resumed per protocol-specified
criteria. RT was temporarily held for in-field nonhematologic toxicity (grade 4 or persistent grade 3 esophagitis, grade 3 pneumonitis,
grade 4 radiation-induced dermatitis) or permanently discontinued
for grade 4 pneumonitis.
Dose delays and/or 1 dose reduction of carboplatin, paclitaxel,
and veliparib were allowed during consolidation therapy for hematologic and nonhematologic grade 3 to 4 toxicities. Grade 3 or greater
neuropathy required discontinuation of paclitaxel and temporary
hold of carboplatin and veliparib. The protocol was amended in
November of 2016 to allow for prophylactic growth factor support
during consolidation. During the phase I portion of the trial, adverse
events (AEs) were monitored by the protocol management team
and the disease committee chair through weekly toxicity reports
and biweekly conference calls in which decisions about dose escalation were made based on dose-limiting toxicity (DLT) data defined
later. Per SWOG policy, the conduct of the randomized phase II
portion of the study was supervised by an independent Data and
Safety Monitoring Committee.
Tumor assessments were performed at 4 weeks (± 3 days) after
completion of CRT and after completion of consolidation therapy.

Subsequently, repeat imaging with CT scans of chest and abdomen
were performed every 4 months for up to 2 years after initial registration, then every 6 months for up to 3 years after initial registration.

Statistical Methods
The phase I study evaluated 3 dose levels of veliparib following a 3 + 3 design. The planned dose escalation highest dose
cohort was 120 mg twice daily. No intrapatient dose escalation was
allowed. DLT was evaluated during RT and the 2 weeks following completion of RT. Treatment-related AEs were captured for the
duration of study treatment and during patients’ follow-up in the
study. DLT was defined as any of the following events attributable
to the study regimen: radiation esophagitis or dermatitis grade 4
or grade 3 (lasting > 7 consecutive days), grade 4 neutropenia
lasting for > 7 days or neutropenic fever (defined as ANC < 500
and a temperature of 38.5°C or above), grade 4 thrombocytopenia, grade 4 nausea/vomiting despite appropriate antiemetic therapy
and delays in RT, chemotherapy or veliparib owing to toxicity > 3
weeks. Nonhematological DLTs also included any grade 3 or higher
toxicities with the following exceptions: anorexia, fatigue, infection without neutropenia, grade 3 AST/ALT elevations ≤ 7 days,
grade 3 or 4 lymphopenia, grade 3 or 4 electrolyte abnormalities
corrected to grade 2 or less in < 48 hours, grade 3 dehydration
lasting < 7 days and infusion reactions. Patients with grade 3 or
higher infusion reactions were removed from study and replaced and
were not considered evaluable for DLT. Patients were evaluable for
DLT if they received at least 66% of the planned doses of veliparib at
the assigned dose level, at least 1 dose each of carboplatin and paclitaxel, and initiated radiation, or if they experienced a DLT. Patients
who were not evaluable for DLT were replaced.
The primary endpoint for the phase II part of the study was PFS.
Patients were randomized equally between the 2 arms (veliparib
vs. placebo) with randomization stratified by stage (IIIA vs. IIIB)
and histology (squamous vs. nonsquamous). The analysis followed a
modified intention-to-treat principle, evaluating all randomized and
eligible patients. The study was designed with 85% power to detect
a hazard ratio (HR) of 0.57 (akin to a 75% improvement in median
PFS) using a 1-sided 10% level log-rank test, which would require
the observation of 68 progression events. Assuming exponentially
distributed PFS, a median of 11 months in the placebo arm, 120
eligible patients accrued over 15 months with a minimum of 12
months of follow-up from the completion of accrual, were needed
based on the design assumptions. Assuming a 10% ineligibility
rate, the projected accrual was 132 patients. Secondary endpoints
included OS, response rate, and toxicities. Response rate was evaluated by RECIST 1.1.13 Disease control was defined as the sum
of complete response, partial response, and stable disease. OS and
PFS were estimated using the method of Kaplan-Meier. Confidence
intervals (CIs) for the median OS and PFS were calculated according to the method of Brookmeyer and Crowley.14 Time-to-event
outcomes were compared between the arms using a 1-sided stratified
log-rank test, and binary endpoints were compared using stratified
Cochran–Mantel–Haenszel test at the 10% level. HRs and corresponding CIs were estimated using a stratified Cox proportionalhazard model. Toxicities were graded according to the version 4.0 of
the NCI Common Terminology Criteria for Adverse Events.
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A Dose-finding Study Followed by a Phase II
Figure 1

CONSORT flow diagram. CRT = chemoradiotherapy.

Results
Between January 2013 and December 2015, the phase I portion
of the study accrued 21 patients from 6 SWOG institutions. The
phase II portion accrued 32 patients between July 2016 and October
2017 and was open to accrual to all Clinical Trials Support Unit
(CTSU) network members. All 21 patients in the phase I portion
met the eligibility criteria; 1 patient on the phase II portion was
not eligible because of inadequate renal function. Of the 31 eligible patients on the phase II, 18 were randomized to the veliparibcontaining arm and 13 to the placebo-containing arm (Figure 1).
The median follow-up time among alive patients in phase I is 40.6
months and 26.9 months for phase II patients.
Table 1 displays patient demographics and disease characteristics
of both the phase I and phase II components of the study. Patients
enrolled in the phase II part had more advanced disease than patients
enrolled in phase I (61% had stage IIIB in phase II vs. 24% in phase
I).
The phase II study was prematurely discontinued because of the
results of the PACIFIC trial7 that led to a change in the standard
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of care in stage III NSCLC with adoption of adjuvant durvalumab
after CRT as standard practice in the United States.

Phase I Dose-finding Results
The phase I portion of the study enrolled 21 patients; 8 to the
40-mg cohort, 7 to the 80-mg cohort, and 6 to the 120-mg cohort.
Of the 21 patients enrolled, 17 were evaluable for DLT (6 patients
each within the 40- and 80-mg cohorts and 5 patients within the
120-mg cohort). One DLT was reported within both the 40- and
80-mg cohorts (grade 3 dysphagia, esophagitis lasting > 7 days, and
esophageal pain on the 40-mg cohort; and grade 3 dehydration and
esophagitis lasting > 7 days on the 80-mg cohort), and no DLTs
were reported in the 120-mg cohort. The patient who experienced
DLT in the 80-mg cohort had an actual weight ≥ 140% over ideal
weight and was erroneously treated with a carboplatin dose calculated on the basis of his actual weight versus ideal weight (as specified
in the protocol for these patients), which resulted in an increased
dosing of 20% to 24% during CRT over per protocol-planned.
However, this patient completed all protocol treatment, including
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Table 1

Patient Characteristics
Phase I (n = 21)

Phase II (n = 31)
All Phase II Patients (N = 31)

Age, median (range)

70 (53 - 81)

CRT + Veliparib (N = 18)

CRT + Placebo (N = 13)

64.7 (47.0-78.9)

65.0 (56.6-75.6)

Sex
Male

14 (67%)

14 (45%)

7 (39%)

7 (54%)

Female

7 (33%)

17 (55%)

11 (61%)

6 (46%)

0

11 (52%)

10 (32%)

7 (39%)

3 (23%)

1

10 (48%)

21 (68%)

11 (61%)

10 (77%)

Zubrod PS

Race
White

18 (86%)

25 (81%)

13 (72%)

12 (92%)

African American

1 (5%)

3 (10%)

2 (11%)

1 (8%)

Asian

1 (5%)

2 (6%)

2 (11%)

0 (0%)

Unknown

1 (5%)

1 (3%)

1 (6%)

0 (0%)

IIIA

16 (76%)

12 (39%)

7 (39%)

5 (38%)

IIIB

5 (24%)

19 (61%)

11 (61%)

8 (62%)

Stage

Histology
Squamous cell

8 (38%)

15 (48%)

10 (56%)

5 (38%)

Adenocarcinoma

12 (57%)

16 (52%)

8 (44%)

8 (62%)

Other

1 (4.8%)

0

0

0

Normal

15 (71%)

25 (81%)

16 (89%)

9 (69%)

Elevated

3 (14%)

5 (16%)

2 (11%)

3 (23%)

Not reported

3 (14%)

1 (3%)

0 (0%)

1 (8%)

Baseline LDH

Smoking status
Current smoker

4 (19%)

14 (45%)

8 (44%)

6 (46%)

Former smoker

13 (62%)

16 (52%)

9 (50%)

7 (54%)

Never smoker

4 (19%)

1 (3%)

1 (6%)

0 (0%)

Weight loss past 6 months
< 5%

15 (71%)

24 (71%)

14 (78%)

8 (62%)

5%-10%

6 (29%)

9 (29%)

4 (22%)

5 (38%)

Abbreviations: CRT = chemoradiotherapy; LDH = lactate dehydrogenase; PS = performance status.

consolidation chemotherapy without experiencing any additional
serious AEs. All of the 4 patients not evaluable for DLTs received less
than 66% of the planned doses of veliparib for the following reasons:
2 received less than 66% of the planned doses for reasons unrelated
to study drug (associated comorbidities and/or noncompliance), 1
declined treatment after developing atrial fibrillation during the
first month, and 1 discontinued treatment after a grade 3 druginfusion reaction related to paclitaxel. Per design, the 120 mg twice
daily was chosen as the veliparib dose for the phase II part of the
study.

Treatment Delivery
Sixteen of the 21 patients enrolled on the phase I portion of the
study completed CRT and veliparib as planned, and 14 completed
consolidation therapy as planned (ie, as specified in protocol). In
the phase II portion, of the 18 patients who were randomized to
the veliparib arm, 12 completed CRT, 3 were removed owing to
AEs, and 3 refused further treatment for reasons other than AEs.

All 12 patients who completed CRT, and 1 who did not receive all
doses of CRT because of AEs, registered to receive consolidation
therapy. Of the 13 patients registered to receive consolidation, 1
had progressive disease discovered the day after registration (a major
protocol deviation) and did not receive any protocol treatment. Of
the remaining 12 patients, 8 completed consolidation treatment as
planned, 2 discontinued treatment because of AEs, and 2 refused
further treatment. Of the 13 patients randomized to the placebo
arm, 10 completed CRT and 3 were removed from treatment owing
to AEs. All 10 patients who completed CRT received consolidation, and 8 completed consolidation treatment as planned. One was
removed from treatment because of AEs, and 1 was removed because
of progressive disease.
During CRT, patients received veliparib for an average of 35 days
compared with 40 days of placebo. During consolidation, more
patients in the veliparib arm experienced dose delays (17%), reductions (17%), or discontinuation (17%) compared with the placebo
arm (10% dose and reductions and 10% discontinuation); patients
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Table 2

Treatment-Related Grade 3 to 5 Adverse Events as a Result of Chemoradiotherapy

Adverse Events

Phase I (n = 21)

Anemia

1 (5%)

3

4

Phase II CRT+ Veliparib
(n = 17)
5

3

4

5

1 (6%)
1 (5%)

Dysphagia

1 (5%)

Esophageal pain

1 (5%)

3
1 (8%)

1 (6%)
1 (5%)

Esophagitis

4 (19%)

1 (6%)

1 (8%)

Fatigue

2 (10%)

1 (6%)

1 (8%)

Febrile neutropenia

1 (5%)

Hyperglycemia

1 (6%)

Hypocalcemia

1 (8%)

Hypoglycemia

1 (8%)
1 (5%)

1 (8%)

1 (5%)

3 (23%)

Hypomagnesemia
Hyponatremia

5

1 (8%)

Esophageal perforation

Hypokalemia

4

1 (6%)

Anorexia
Dehydration

Phase II CRT + Placebo
(n = 13)

1 (8%)

Hypotension

1 (6%)

Infusion-related reaction

1 (5%)

Lung infection

1 (5%)

Lymphocyte count decreased

9 (43%)

1 (8%)
3 (14%)

1 (6%)

Mucositis oral

2 (12%)

2 (15%)

2 (15%)

1 (6%)

Neutrophil count decreased

7 (33%)

Platelet count decreased

1 (5%)

1 (5%)

3 (18%)

1 (8%)

1 (6%)

Pneumonitis

1 (8%)

Vomiting

1 (8%)

Weight loss

1 (6%)

White blood cell decreased

5 (24%)

2 (10%)

Any esophagitis, dysphagia,
esophageal pain, or/and
perforation

3 (14%)

0

1(5%)

2 (12%)
2 (12%)

0

0

2 (15%)
1 (8%)

0

0

Max. Grade any
Adverse Event

12 (57%)

4 (19%)

1 (5%)

6 (35%)

2 (12%)

0

6 (46%)

3 (23%)

0

Abbreviations: CRT = chemoradiotherapy.

received an average of 9.7 days of veliparib compared with 13.2 days
of placebo.

AEs as a Result of CRT
Treatment-related AE as a result of CRT from treatment start to
end of CRT and the period before starting consolidation chemotherapy (ie, a period of approximately 10-12 weeks) are summarized in
Table 2.
In the phase I portion, there was 1 treatment-related death as
a result of esophageal perforation that occurred 8 months after
completing CRT. This patient had developed a mid-esophageal
stricture after CRT requiring endoscopic dilations. Four patients
(19%) experienced grade 4 AEs, which included lymphopenia (3)
and neutropenia (1), noting that patients could have multiple
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events. In addition, 12 (57%) patients experienced grade 3 AEs,
which were mostly hematologic and had no relationship with dose
levels.
In the phase II portion, there were no treatment-related deaths.
Of 17 evaluable patients on concurrent CRT plus veliparib, 6
patients (35%) had treatment-related grade 3 AEs, and 2 (12%) had
treatment-related grade 4 lymphopenia. Of the 13 patients evaluable
for AEs in concurrent CRT plus placebo arm, 3 (23%) experienced
treatment-related grade 4 AEs; 1 hypoglycemia, 2 lymphopenia, and
6 (46%) treatment-related grade 3 AEs. No late grade 3 to 5 AEs
were reported.
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AEs after Consolidation Therapy
Treatment-related AEs related to consolidation therapy are
reported in Supplemental Table 1 (see Supplemental Table 1 in
the online version at doi:10.1016/j.cllc.2021.02.009). Fourteen
patients in the phase I portion and 22 patients in the phase II
portion (12 patients in the veliparib arm and 10 in the placebo arm)
received consolidation therapy. In the phase I portion, there was 1
treatment-related death owing to neutropenic sepsis that occurred
during the second cycle of consolidation therapy. An additional 3
patients (21%) experienced grade 4 neutropenia during cycle 1.
In the phase II part, in the veliparib arm, 3 patients (25%)
experienced treatment-related grade 4 AEs: 2 neutropenia and 1
lymphopenia, and 5 patients (42%) had treatment-related grade 3
AEs. One additional patient in the veliparib arm developed grade 3
esophageal stenosis and grade 4 esophageal fistula 15 months after
completing consolidation chemotherapy (this event that occurred
during long-term follow-up is not included in the Supplemental
Table 1; see Supplemental Table 1 in the online version at doi:
10.1016/j.cllc.2021.02.009).
In the placebo arm, there was 1 treatment-related death as a
result of grade 5 pneumonitis that occurred 6 weeks after completing CRT. This patient was noted to have grade 4 lymphopenia as
well. In addition, 1 patient in the placebo arm developed grade
4 hyperglycemia, and 1 patient developed grade 3 AEs. No other
patient developed a grade 3 or higher late toxicity after completing
protocol treatment. Of note is that in the placebo arm, 3 patients
(23%) had grade 1 esophagitis and 3 patients (23%) had grade 2
esophagitis, whereas in the veliparib arm, 1 patient (6%) had grade
1 esophagitis and 5 patients (29%) had grade 2 esophagitis. In terms
of less than grade 3 pneumonitis, only a single patient on placebo
had grade 1 pneumonitis. No other patient had grade 2 or less
pneumonitis.

Efficacy Outcomes
Efficacy outcomes are summarized in Table 3. PFS and OS curves
of the phase I and II parts of study are shown in Figures 2 and 3. The
phase II part did not meet the primary objective to evaluate whether
there was a difference in PFS between the arms. With progression
events reported for 23 of 31 patients and over 2 years from study
closure, the estimated HR of veliparib versus placebo was 1.47 (95%
CI, 0.59-3.66), 1-sided P = .20. Median PFS with veliparib was 9.3
versus 9.9 months with placebo (Figure 2A). Veliparib relative to
placebo was also not associated with improved response (56% on
veliparib and 69% on placebo, P = .69) or disease control (83% on
veliparib and 85% on placebo, P = .56). Nevertheless, we acknowledge the difficulties in assessing response using CT scans in a previously irradiated field in this setting. However, the OS rate at 1
year was numerically superior in the veliparib arm. The estimated
percentage alive at 1 year was 89% with veliparib and 54% with
placebo (Figure 3A). The estimated relative risk of death between
the arms was a 35% reduction (HR, 0.65; 95% CI, 0.24-1.75),
although this difference was not statistically significant (P = .19).
In both arms combined, there were 20 patients with progression
(11 in the veliparib arm and 9 in the placebo arm), of whom 8
(40%) progressed in local sites, 9 (45%) progressed in regional sites,
7 (35%) progressed in distant sites (4/11 in the veliparib arm and

3/9 in the placebo arm), 2 (10%) died as a result of disease, and
1 (5%) had missing information. A patient might have multiple
progression sites recorded.
PFS and OS measured from registration to the consolidation step
were not different between the arms (P = .19 for PFS and P = .28
for OS). PFS at 1-year from consolidation was 43% with veliparib
and 40% with placebo. OS at 1-year from consolidation was 76%
with veliparib and 50% with placebo.
The outcomes for patients enrolled to the phase I portion are
also displayed in Table 3. The median PFS was 11.5 months (95%
CI, 9.5, 19.2), median OS of 32.9 months (95% CI, 13.6, 37.8),
with 70% alive at 1 year (Figures 2B and 3B). Of 14 patients with
progression, 4 (28%) progressed in local sites, 3 (21%) in regional
sites, 5 (35%) in distant sites, 1 (7%) died without documentation
of progression, and 1 (7%) had missing data.

Discussion
Our study achieved the first goal of demonstrating that veliparib
was safe and tolerable when added to standard weekly carboplatin/paclitaxel and chest RT followed by consolidation full dose
chemotherapy. We determined veliparib 120 mg twice daily as the
recommended phase II dose for the randomized component of our
study. The randomized study substantiated the safety of veliparib
with no increased toxicity observed over placebo. Because of the
premature closure of the phase II part of the study, prompted by
a change in standard of care in the treatment of stage III NSCLC
with the adoption of adjuvant immunotherapy with durvalumab,
veliparib efficacy could not be fully evaluated. The disease control
rate and the PFS outcomes were similar in both arms, but there
was an intriguing numeric advantage in OS in the veliparib-treated
patients. It is unclear whether this is suggestive of potential benefits
of veliparib, pure chance, or related to imbalances favoring the
veliparib group.
Our results are similar to those from a phase I trial conducted by
another cooperative group, the Alliance for Clinical Trials in Oncology, that mirrored our study design (NCT02412371). Veliparib in
doses ranging from 60 mg twice daily to 240 mg twice daily was
given concurrently with weekly paclitaxel, carboplatin, and thoracic
RT followed by consolidation paclitaxel plus carboplatin and 120 or
240 mg twice daily of veliparib in patients with stage III NSCLC.15
In that trial, veliparib 240 mg twice daily during CRT and veliparib
120 mg with consolidation chemotherapy were declared the recommended phase II doses. However, grade 3 treatment-related AEs
were increased in this study occurring in 58% of the 13 patients
treated at their recommended phase II dose versus 35% in patients
who received 120 mg twice daily of veliparib in the randomized
arm of our study. This is not surprising given the double dose of
veliparib administered. A preliminary efficacy analysis of the 48
patients enrolled into the 6 treatment cohorts, of whom the majority were treated at 200 mg twice daily or above, revealed a median
PFS of 19.1 months with a median OS of 32.6 months. Although
the sample size was small, these results suggest that a higher dose
of veliparib compared with the one utilized in our study may be
needed to achieve a clinical benefit. However, veliparib 240 mg
twice daily was associated with increased toxicity. Since our trial was
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Table 3

Efficacy Outcomes

Outcomes from initial registration (Start of CRT)

Phase I
CRT + Veliparib
(n = 21)

Phase II
CRT + Veliparib (n = 18) CRT + Placebo (n = 13) P Value

Objective response

n = 18 86% (64%, 97%) n = 10 56% (31%, 78%)

n = 9 69% (38%, 91%)

.69

Disease control (objective response + stable disease)

n = 18 86% (64%, 97%) n = 15 83% (59%, 96%)

n = 11 85% (55%, 98%)

.56

PFS
HR a (95% CI)

N/A

1.47 (0.59, 3.66)

0.20

Median in months (95% CI)

11.5 (9.5, 19.2)

9.3 (7.3, 17.4)

9.9 (5.7, 23.6)

1-year estimate (95% CI)

40% (19%, 60%)

41% (18%, 63%)

46% (19%, 70%)

Overall survival
HR a (95% CI)

N/A

0.65 (0.24, 1.75)

0.19

Median in months (95% CI)

32.9 (13.8, 37.8)

27.6 (17.4, 27.6)

15.2 (6.6, 20.6)

1-year estimate
Outcomes from start of consolidation

70% (45%, 85%)

89% (61%, 97%)

54% (25%, 76%)

N = 14

N = 13

N = 10

PFS
HR a (95% CI)

N/A

1.65 (0.54, 5.01)

0.19

1-year estimate (95% CI)

50% (23%, 72%)

43% (16%, 68%)

40% (12%, 67%)

Overall survival
HR a (95% CI)

N/A

0.71 (0.23, 2.20)

0.28

1-year estimate

79% (47%, 93%)

76% (42%, 91%)

50% (18%, 76%)

The 95% CIs are in parentheses.
Abbreviations: CI = conﬁdence interval; CRT = chemoradiotherapy; HR = hazard ratio; N/A = not applicable; PFS = progression-free survival.
a
HR stratiﬁed by stage and histologic subtype.

initiated, there are now several PARP inhibitors in clinical trials.
A notable difference between veliparib and the others is its lower
PARP trapping capability.16 However, it is unclear if this mechanism
is important in lung cancer. A phase I trial of daily cisplatin with
olaparib plus thoracic RT (NCT01562210) may provide insight
into deciphering relevant toxicity and efficacy differences between
PARP inhibitors.17 There are many challenges in the clinical development of drug-RT combinations and novel trial designs may be
needed, for example, employing a biomarker-driven patient selection.18 , 19
Although immunotherapy with durvalumab has become standard
adjuvant therapy after CRT for unresectable stage III NSCLC,
there is still a need to develop better CRT and adjuvant treatment regimens. Even though PARP inhibitors have not yet demonstrated therapeutic success in lung cancer, enthusiasm remains high
for their continued evaluation. Predictive biomarkers that could
identify patients most likely to benefit from PARP inhibitors are
emerging, such as loss of heterozygosity (LOH), DNA repair scores,
and SLFN11. In vitro sensitivity to platinum plus veliparib was
associated with DNA-PKcs protein expression and a 5-gene expression signature.20 SLFN11 expression is among the top biomarker
candidates. An evaluation of the NCI-60 cell line panel revealed
an association between SLFN11 expression and sensitivity to DNA
damaging repair agents21 and PARP inhibitors in preclinical and
clinical evaluations across several tumor types.22 Although most of
the data with SLFN11 as a predictor of PARP responsiveness are in
SCLC, its evaluation in NSCLC is under investigation. In our study,
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blood and tissue samples were collected for exploratory biomarker
analysis but were not performed because of the limited sample size.
The combination of PARP inhibitors and immune checkpoint
inhibitors (ICI) is a rational and highly attractive approach because
of the well-known interplay between the DNA repair pathway
and immune activation.22 In mouse models, PARP inhibitors have
demonstrated upregulation of tumor PD-L1 and greater tumor
killing than either agent alone.23
In lung cancer, there is an ongoing phase II trial of niraparib plus
ICI in ICI naive metastatic NSCLC patients (NCT03308942). In
previously treated patients with nonsquamous NSCLC, avelumab
plus talazoparib is being evaluated in patients whose tumor express
an STK11 mutation, a negative predictor of ICI responsiveness
(NCT04173507). In SCLC, atezolizumab plus talazoparib will
be studied as maintenance therapy in patients with SLFN11
positive extensive stage SCLC after chemotherapy plus atezolizumab
(NCT04334941). If these studies show promising efficacy with
acceptable toxicity, one could envision a trial in stage III NSCLC
evaluating the combination of immunotherapy plus a PARP
inhibitor.

Conclusion
The combination of veliparib and CRT in stage III NSCLC is
feasible and well tolerated. No new safety signals were observed.
Treatment efficacy could not be fully evaluated owing to early
study closure. Despite the limitations of our study, PARP inhibitors
should continue to be studied in NSCLC. The identification of
promising predictive biomarkers and the rational combination of
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Figure 2

Kaplan-Meier estimates of progression-free survival, phase I part (A), phase II part (B). Carbo = carboplatin; Conf.
Int. = confidence interval; HR = hazard ratio; Pac = paclitaxel; RT = radiotherapy; P = placebo; V = veliparib.

PARP inhibitors with ICIs is expected to define the future role of
PARP inhibition in lung cancer treatment.

Clinical Practice Points
• CRT is a standard treatment option for stage III NSCLC. Efficacy
outcomes remain suboptimal and new agents that can augment
CRT are warranted.
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Figure 3

Kaplan-Meier estimates of overall survival, phase I part (A), phase II part (B). Carbo = carboplatin; Conf.
Int. = confidence interval; HR = hazard ratio; Pac = paclitaxel; RT = radiotherapy; P = placebo; V = veliparib.

• Our phase I/II trial evaluated the addition of a PARP inhibitor to
a backbone of chest RT, carboplatin, and paclitaxel followed by
consolidation carboplatin and paclitaxel.
• Veliparib with CRT was feasible and well tolerated. However,
efficacy could not accurately be determined in the phase II
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randomized part owing to early study closure because of the
emergence of adjuvant immunotherapy as standard of care in
stage III NSCLC.
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Supplemental Data
Supplementary Table 1

Treatment-related grade 3-5 adverse events after consolidation therapy
Phase II CRT+ Veliparib Phase II CRT + Placebo
(n=12)
(n=10)

Phase I (n=14)
ADVERSE EVENT

3

4

5

3

Anemia

1 (8%)

Anorexia

1 (8%)

Bone pain

4

5

3

4

1 (7%)

Dehydration

1 (8%)

Diarrhea

1 (8%)

Dysphagia

2 (17%)

Esophagitis

1 (7%)

Fatigue

1 (8%)

Hyperglycemia

1 (10%)

Hypokalemia

1 (10%)

Hypomagnesemia

1 (10%)

Hypotension

1 (7%)

Lung infection

1 (7%)

Lymphocyte count decreased

1 (7%)

1 (8%)

Nausea

1 (8%)

1 (10%)

1 (10%)

1 (8%)

Neutrophil count decreased

1 (7%)

4 (29%)

1 (8%)

Platelet count decreased

2 (17%)

1 (8%)

Pneumonitis

1 (10%)

Sepsis

1 (7%)

Upper gastrointestinal hemorrhage

1 (8%)

Vomiting

1 (8%)

Weight loss

1 (10%)

White blood cell decreased

1 (7%)

Any esophagitis, dysphagia, esophageal pain, or/and perforation 1 (7%)
MAX. GRADE ANY ADVERSE EVENT

323.e1

5

3 (21%)

1 (7%)

2 (17%)

0

0

2 (17%)

0

0

0

0

0

3 (21%)

1 (7%)

5 (42%)

3 (25%)

0

1 (10%)

1 (10%)

1 (10%)
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