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Abstract
Objectives: The ECOG-ACRIN Cancer Research Group trial E2511 recently dem-
onstrated a potential benefit for the addition of veliparib to cisplatin-etoposide (CE) 
in patients with extensive stage small cell lung cancer (ES-SCLC) in a phase II 
randomized controlled trial. Secondary trial endpoints included comparison of the 
incidence and severity of neurotoxicity, hypothesized to be lower in the veliparib 
arm, and tolerability of the addition of veliparib to CE. Physician-rated and patient-
reported neurotoxicity was also compared.
Materials and Methods: Patients randomized to veliparib plus CE (n  =  64) or 
placebo plus CE (n = 64) completed the 11-item Functional Assessment of Cancer 
Therapy Gynecologic Oncology Group Neurotoxicity (questionnaire pre-treatment, 
end of cycle 4 [ie 3 months after randomization] and 3 months post-treatment [ie 
6-months]). Adherence analysis was based on treatment forms.
Results and Conclusion: No significant differences in mean or magnitude of change 
in neurotoxicity scores were observed between treatment arms at any time point. 
However, patients in the placebo arm reported worsening neurotoxicity from baseline 
to 3-months (M difference = −1.5, P = .045), compared to stable neurotoxicity in 
the veliparib arm (M difference = −0.2, P = .778). Weakness was the most common 
treatment-emergent (>50%) and moderate to severe (>16%) symptom reported, but 
did not differ between treatment arms. The proportion of adherence to oral therapy in 
the overall sample was 75%. Three percent of patients reported clinically significant 
neurotoxicity that was not captured by physician assessment. Neurotoxicity scores 
were not different between treatment arms. The addition of veliparib to CE appeared 
tolerable, though weakness should be monitored.
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1 |  INTRODUCTION

Cisplatin-etoposide is a common first line treatment for ex-
tensive stage small cell lung cancer (ES-SCLC).1 Although 
ES-SCLC initially responds well to this regimen, treatment 
resistance inevitably occurs,2 necessitating novel therapeutic 
agents. The impact of novel agents and combinations of tar-
geted agents on toxicities and tolerability of standard therapy 
is relatively unknown. Concurrent, comprehensive assess-
ment of treatment tolerability from the patient's perspective is 
needed to ensure patients receive maximal benefit from new 
therapies without jeopardizing quality of life.

The ECOG-ACRIN Cancer Research Group recently 
reported a potential signal for the addition of veliparib, a 
poly (ADP) ribose polymerase (PARP) inhibitor, to cispla-
tin and etoposide (CE) to improve progression free survival 
among a subset of treatment-naïve patients with ES-SCLC 
in a double-blinded randomized controlled trial (E2511).3 
The treatment arms appeared to have comparable toxicity 
based on CTCAE version 4.0 ratings, with the exception of 
higher hematologic toxicities with the addition of veliparib. 
Specifically, grade 3 or higher lymphopenia and neutropenia 
occurred more often in the veliparib arm, though did not dis-
rupt treatment. No instances of grade 3 or higher neuropathy, 
one of the main toxicities associated with platinum-based 
therapies, were reported in either treatment arm.

Although the trial's results suggest the addition of veliparib 
to CE is tolerable, CTCAE grades may underestimate the im-
pact of treatment on patients,4 underscoring the need for com-
plementary patient-reported outcomes to assess tolerability. 
Psychometrically validated patient-reported outcomes (PRO) 
provide robust information about the severity, frequency, and/
or functional impact of a symptom associated with treatment.5,6 
This information is critical, as the extent to which a patient is 
willing to tolerate a symptom for a potential anti-tumor benefit 
depends in part on the subjective experience of a symptom.

The current report provides in-depth analysis of treatment 
toxicity and tolerability among patients randomized to either 
cisplatin-etoposide  +  veliparib (CE  +  V) or cisplatin-etopo-
side + placebo (CE + P) in E2511. Patient-reported treatment 

toxicity focused on neurotoxicity, a common,7 disruptive,8,9 and 
largely refractory toxicity10 for many patients treated with CE 
that can worsen even after cisplatin is discontinued.11,12 The pa-
tient-reported outcomes component of this trial was designed 
to test the hypothesis that patients in the veliparib arm would 
experience less neurotoxicity than patients in the placebo arm. 
This hypothesis was based on preclinical data indicating a po-
tential protective role for PARP enzyme inhibition in experi-
mental models of diabetic neuropathy, suggesting veliparib may 
have a neuroprotective effect.13,14 Secondary objectives were to 
identify treatment-emergent and the most prevalent moderate to 
severe symptoms of neurotoxicity, compare adherence to oral 
therapy (ie veliparib vs placebo) as a behavioral indicator of 
treatment tolerability, and compare CTCAE rated neuropathy 
with patient-reported neurotoxicity. Together, PRO data are in-
tended to provide a more comprehensive assessment of this reg-
imen's tolerability and inform future clinical trial design through 
generating precise and robust measures of key domains.

2 |  MATERIALS AND METHODS

E2511 design and primary trial results have been reported.3 
E2511 was a phase I/II double-blinded randomized controlled 
trial comparing progression free survival in treatment-naive 
ES-SCLC patients receiving frontline (CE + V) to (CE + P). 
Secondary objectives included a comparison of chemother-
apy-induced peripheral neuropathy (CIPN) between treat-
ment arms. The protocol was approved by the Institutional 
Review Boards at each registering institution. Written in-
formed consent was obtained from all patients. The study was 
activated on 24 October 2013 and terminated on 2 July 2015. 
ClinicalTrials.gov Identifier: NCT01642251.

2.1 | Participants

The full eligibility criteria for this trial have been reported.3 
Patients were eligible if they were at least 18 years old with 
untreated, newly diagnosed, and pathologically confirmed 
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ES-SCLC, ECOG performance status of 0 or 1, and measur-
able disease per RECIST 1.1.

2.2 | Data collection

Patient-reported outcome assessments were administered on 
paper pre-randomization (ie baseline), at completion of cycle 
4 (ie 3 months), and 3 months after completion of cycle 4 (ie 
6 months).

2.3 | Measures

2.3.1 | Patient-reported Neurotoxicity

The English version of the 11-item Functional Assessment 
of Cancer Therapy/Gynecologic Oncology Group-
Neurotoxicity Additional Concerns (FACT/GOG-Ntx 
Version 4)15 was administered via paper to assess patient-
reported neurotoxicity. The FACT/GOG-Ntx asks patients 
to rate neurotoxicity symptoms (eg “I have numbness or 
tingling in my hands”) experienced in the past 7 days using 
a 5-point Likert scale from 0 (not at all) to 4 (very much), 
with higher individual item scores reflecting more severe 
symptoms. The total score was derived following standard 
procedures for scoring FACT instruments such that lower 
total scores reflect higher neurotoxicity. The total score was 
prorated for patients missing less than 50% of items; pa-
tients missing 50% or more items were coded as missing. A 
total score of 30 or less was considered to indicate concern-
ing neurotoxicity15,16; 25 or less was considered clinically 
significant.17 Internal consistency in this sample was good 
(Cronbach's α = 0.77-0.78).

2.3.2 | Adherence

Patients received up to 4 cycles of therapy (1 cycle = 3 weeks). 
Veliparib vs placebo was prescribed at 100  mg by mouth 
twice a day for the first 7  days of a cycle. Therefore, the 
total potential dose of oral therapy (veliparib or placebo) was 
5600 mg (1400 mg/cycle*4 cycles). In this report, adherence 
was defined as receiving at least 90% of the full dose during 
the whole treatment period (ie receiving at least 5040 mg of 
veliparib or placebo), which was assessed using study treat-
ment forms (ie documentation of dosage and administration 
of treatment). The proportion of adherence was calculated 
as number of patients with adherence divided by all treated 
patients. Patients who received less than 90% of the planned 
5600 mg due to adverse events, withdrawal, or dose reduc-
tions were considered in the denominator, as these are indica-
tors of treatment tolerability.

2.3.3 | CTCAE rated neuropathy

Patients with a CTCAEv.4.0 grade ≥ 1 on neurotoxicity items (pe-
ripheral sensory neuropathy, peripheral motor neuropathy) were 
classified as having neuropathy. Patients with CTCAE grade = 0 
were classified as not having neuropathy. For sensitivity analysis, 
treatment-related neurotoxicity was defined as neurotoxicity with 
an attribution code of possibly, probably or definitely.

2.4 | Analyses

All analyses were conducted in the eligible and treated pa-
tient population. A two-sample t-test was used to compare 
the change in total FACT/GOG-Ntx scores between baseline 
and follow-up visits between the two treatment arms. At each 
time point, FACT/GOG-Ntx total scores were compared be-
tween the treatment arms using Wilcoxon rank sum tests. A 
multivariable linear mixed effects model with an unstruc-
tured covariance matrix and random intercept was used to es-
timate the average difference in FACT/GOG-Ntx total scores 
between the two arms, assuming that any missing data were 
missing at random. Time was dummy coded and a treatment-
by time interaction was included to test whether differences 
between treatment arms depended on time. As a sensitivity 
analysis, we also implemented a joint multivariate random-
effects model analysis to account for potentially different dis-
tributions of missing data between the two treatment arms.18

Individual FACT/GOG-Ntx items were examined to ex-
plore treatment emergent symptoms of neurotoxicity. The 
proportion of patients who reported no symptom at baseline 
(item response = 0 [not at all]) and then rated the symptom 
as present (>1 [“a little bit”] or more) at 3- and 6-months 
was calculated for each item to identify emerging symptoms. 
Only patients with neurotoxicity data at both baseline and 
follow-up visits were included in these analyses. In addition, 
FACT/GOG-Ntx individual items were also examined to 
identify the most common moderate or severe symptoms (ie 
FACT/GOG-Ntx item response = 3 [quite a bit] or 4 [very 
much]) at 3- and 6 months. Treatment arm comparisons were 
conducted using Fisher exact test for these individual item 
analyses. Trend analysis about the proportion of moderate 
or severe symptoms was explored via a univariate logistic 
regression model with time being coded as 1(baseline), 2 
(3 months), and 3 (6 months) and included as a continuous 
variable.

The proportion of adherent patients was calculated for 
each arm and compared between arms using Fisher exact test.

No adjustment was made for multiple comparisons. All 
significance tests were two-sided with a type I error of 5%. 
Analyses were conducted with STATA 15.0.

Sample size was based on the trial's primary outcome 
analysis for progression free survival.3
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Individual participant data may be made available upon 
request as per the ECOG-ACRIN Data Sharing Policy.

3 |  RESULTS

3.1 | Study population

Patient and disease characteristics were similar between the 
two treatment arms at baseline (see Owonikoko et al3). Of 
the 147 patients enrolled to the trial, 128 were eligible and 
received at least one dose of the treatment and served as the 

primary analysis population for this PRO study. The 19 pa-
tients excluded from this study's analysis were similar to the 
analyzed sample of 128 patients with respect to patient and 
disease characteristics (Table 1). However, they had signifi-
cantly worse survival outcomes than the analyzed sample 
(Median PFS = 2.8 months, 95% CI = 0.5, 5.7 vs 5.9 months, 
95% CI = 5.5, 6.1; Median OS = 4.8 months, 95% CI = 0.8, 
6.5 vs 9.8 months, 95% CI = 8.8, 11.1). Patients in the ana-
lyzed sample were a median of 66 years of age and predomi-
nantly white (92.2%), and the majority (71%) had an ECOG 
PS of 1 at baseline. Male and female participation was similar 
(51.6% and 48.4%, respectively).

Variable

128 analyzable 
patients 19 patients excluded

P 
valueN % N %

Age (y), median(range) 66 (45-88) 64 (43-79) .42

Sex .73

Female 62 48.4 10 52.6

Male 66 51.6 9 47.4

Race .54

White 118 92.2 17 89.5

Other 10 7.8 2 10.5

Ethnicity .70

Non-Hispanic 124 96.9 18 94.7

Other 4 3.1 1 5.3

ECOG PS .24

0 37 28.9 8 42.1

1 91 71.1 11 57.9

Weight loss in last 6 mo .72

<5% of body weight 90 70.3 12 63.2

5 to <10% of body weight 23 18.0 4 21.1

10 to <20% of body weight 12 9.4 3 15.8

≥20% of body weight 3 2.3 0 0.0

LDH .33

Normal 41 32.0 4 21.1

Abnormal 87 68.0 15 79.0

Pleural Effusion .65

Absent 81 63.3 11 57.9

Present 47 36.7 8 42.1

Clinical outcome

PFS, median (95%CI) 5.9 (5.5,6.1) 2.8(0.5,5.7) .01

OS, median (95% CI) 9.8(8.8,11.1) 4.8(0.8,6.5) .002

T A B L E  1  Patient and disease 
characteristics in primary analysis sample 
and excluded patients
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3.2 | Pro completion rates

Figure  1 (CONSORT) shows the number of assessments 
completed at each time point and reasons for non-completion.

To calculate PRO completion rates, all patients who were 
alive at the scheduled assessment were expected to complete 

the FACT/GOG-Ntx and used as the denominator. The PRO 
completion rate was 96% (123/128) at baseline, 84% (107/127) 
at 3 months, and 62% (71/114) at 6 months. Non-completion 
was mainly attributable to institutional factors (eg patient 
not given form; n = 36; 57%), though patient refusal (n = 9; 
13%) and patient illness (n = 6; 9%) also occurred. Across 

F I G U R E  1  Consolidated Standards of Reporting Trials (CONSORT) Flowchart. PRO = Patient-reported outcome. CONSORT flow diagram 
depicting study recruitment and retention. See text for patient-reported outcome completion rates calculated with a denominator of those alive at 
each time point
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all time points, only one patient did not answer all 11 items 
of the FACT/GOG-Ntx; this patient's score was prorated for 
the 6-month assessment. Compliance with PRO completion 
was similar between the two arms at baseline (CE + V = 64; 
CE + P = 59), 3-month (CE + V = 58; CE + P = 49), and 
6-month assessments (CE + V = 40; CE + P = 31).

3.3 | Primary objective

3.3.1 | Comparison of patient-reported 
neurotoxicity (FACT/GOG-Ntx) by 
treatment arm

Patients reported similar neurotoxicity levels on the FACT/
GOG-Ntx at baseline in the two arms (CE  +  V  =  38.6, 
SD  =  5; CE  +  P  =  38.1, SD  =  6.7) with a mean score 
of 38.3 (SD  =  5.9) for the overall sample. As shown in 
Table  2 and Figure  2A, there was no statistically signifi-
cant difference in total neurotoxicity between arms at ei-
ther 3-month (CE + V = 38.3, SD = 4.8; CE + P = 36.8, 
SD = 7.4) or 6-month assessment (CE + V = 36.0, SD = 6.2; 
CE + P = 35.9, SD = 7.0; P's > .05), though the placebo arm 
reported worsening toxicity (ie lower scores on the FACT/
GOG-Ntx) from baseline to 3  months. There were also no 
statistically significant differences observed between the 
arms in change scores at either 3-month (P = .13) or 6-month 
(P = .20) assessments (Table 2, Figure 2B).

Sensitivity analysis results from the linear mixed-effect 
model were largely the same (Table  3). Whereas the pla-
cebo group experienced worsening neurotoxicity (ie lower 
scores on the FACT/GOG-Ntx) from baseline to 3  months 
(difference  =  −1.5, P  =  .045) and baseline to 6  months 
(difference = −3.1, P = .001), the veliparib group reported 
stable neurotoxicity from baseline to 3  months (differ-
ence  =  −0.2, P  =  .778) and worsening neurotoxicity from 
baseline to 6 months (difference = −2.4, P = .0003). There 
was no statistically significant difference in the total score 
between arms at either month 3 (difference = 2.1, P = .072) 

or month 6 (difference = 1.4, P =  .332) after adjusting for 
baseline patient and disease characteristics. Marginally sig-
nificant covariates included baseline ECOG performance sta-
tus and race/ethnicity. Patients with worse performance status 
at baseline (ECOG 1 vs 0) reported higher toxicity (differ-
ence = −1.97, P = .07) as did non-Hispanic White patients 
(difference = −2.72, P = .106). Results from the joint model 
analysis were similar to the linear mixed effect model (not 
shown).

3.4 | Secondary objectives

3.4.1 | Treatment-emergent Patient-
reported Symptoms (FACT/GOG-Ntx)

See Figure  3A for the proportion of patients experienc-
ing treatment-emergent symptoms in each arm at 3- and 
6-month assessments. At 3 months (cycle 4), the proportion 
of patients who reported treatment-emergent symptoms (ie 
FACT/GOG-Ntx = 0 [“not at all”] at baseline and ≥ 1 [“a 
little bit” or more] at 3  months) was highest for weakness 
(50.0%, 63.6%), discomfort in feet (14.6%, 35.3%), joint pain 
or muscle cramps (23.1%, 34.8%), ringing or buzzing in the 
ears (26.7%, 34.2%), and difficulty walking (23.5%, 32.3%) 
in the veliparib and placebo arms, respectively. Except for 
hand discomfort (18.4% veliparib, 11.1% placebo), a higher 
proportion of patients in the placebo arm experienced treat-
ment-emergent symptoms for all symptoms, though only foot 
discomfort (14.6% veliparib, 35.3% placebo, P = .036) was 
statistically different between arms.

At 6 months, the proportion of patients who reported treat-
ment-emergent symptoms was highest for weakness (77.8% 
veliparib, 58.8% placebo). With the exception of difficulty 
walking (30.4% veliparib, 30.0% placebo), the prevalence of 
other treatment-emergent symptoms, while not statistically 
different between arms, were not consistently distributed be-
tween arms. After weakness, the next most prevalent treat-
ment-emergent symptoms were joint pain or muscle cramps 

T A B L E  2  Descriptive statistics for FACT/GOG-Ntx neurotoxicity total scores and change scores in eligible and treated patients

Total scores at 
each assessment

Veliparib Placebo
P-value for between 
arm comparisonsN Mean SD Median n Mean SD Median

Baseline 64 38.6 5.0 39.5 59 38.1 6.7 40 .70

Month 3 58 38.3 4.8 39.5 49 36.8 7.4 39 .57

Month 6 40 36.0 6.2 37.5 31 35.9 7.0 37 .87

Change scores N
Mean 
change SD n

Mean 
change SD

Differences in 
mean changes 
(veliparib—placebo) SE P-value

Month 3 - baseline 58 −0.1 4.8 45 −1.8 6.4 1.7 1.1 .13

Month 6-baseline 40 −2.3 5.3 30 −4.0 5.4 1.6 1.3 .20
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(50.0%) and numbness or tingling in hands (36.4%) for pa-
tients on veliparib, and they were difficulty hearing (36.0%) 
and numbness or tingling feet (33.3%) for patients on placebo.

3.4.2 | Moderate or Severe Symptoms 
(FACT/GOG-Ntx) at 3, 6 months

The proportion of patients endorsing moderate or severe 
symptoms on FACT/GOG-Ntx items (ie item response = 3 
[quite a bit] or 4 [very much]) did not differ significantly be-
tween treatment arms at any time point.

See Figure  3B for the proportion of patients expe-
riencing moderate or severe symptoms in each arm at 3- 
and 6-month assessments. Among the 11 items assessing 

neurotoxicity, the proportion of patients reporting moderate 
or severe symptoms at 3 months was highest for weakness 
(15.5%, 26.5%), difficulty walking (10.3%, 16.3%), trouble 
hearing (12.1%, 12.2%), and ringing or buzzing in the ears 
(10.3%, 16.3%) for veliparib and placebo, respectively. At 
6 months, the proportion was highest for weakness (32.5%, 
22.6%), difficulty walking (17.5%, 16.1%), joint pain and 
muscle cramps (17.5%, 3.3%), numbing or tingling in feet 
(10.0%, 16.1%), trouble hearing (15.0%, 3.3%), and ring-
ing or buzzing in the ears (7.5%, 13.3%) for veliparib and 
placebo, respectively. In the placebo arm, the proportion of 
moderate or severe symptoms significantly increased over 
time for numbing or tingling in the hands (P =  .029) and 
significantly decreased over time for joint pain and muscle 
cramps (P = .008).

F I G U R E  2  Mean and 95% CI of 
FACT/GOG-Ntx neurotoxicity total score 
and total change score from baseline 
by treatment arm in eligible and treated 
patients. FACT/GOG-Ntx = Functional 
Assessment of Cancer Therapy/Gynecologic 
Oncology Group Neurotoxicity (11-items). 
PRO = Patient-reported outcome. LB/
UB = lower bound/upper bound of 95% 
confidence interval. Lower scores on 
the FACT/GOG-Ntx indicate higher 
neurotoxicity. No statistically significant 
differences were observed between 
treatment arms in mean total neurotoxicity 
scores or in mean neurotoxicity change 
scores. The placebo arm experienced 
worsening neurotoxicity between baseline 
and 3-month assessment
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3.4.3 | Adherence to oral therapy

Of the 128 eligible and treated patients, 103 (80%) received 
four cycles of treatment per protocol (53 on veliparib, 50 
on placebo). Patients who did not receive four cycles due 
to death (n  =  4), progression (n  =  6), alternative therapy 
(n = 1), or complicating disease (n = 1) were excluded from 
the denominator of potentially adherent patients, as 4 cycles 
were not medically indicated and therefore these patients 

could not receive at least 90% of the planned dose. Patients 
who did not receive four cycles due to AEs (n = 9) or patient 
withdrawal (n = 4; reason unknown) were considered in the 
denominator of potentially adherent patients as AEs and 
patient withdrawal are indicators of tolerability. Therefore, 
there were 116 patients (59 veliparib; 57 placebo) who 
were eligible for four cycles of treatment and could have 
been adherent. Of these 116, 87 (75%; 48 on veliparib, 39 
on placebo) were adherent (ie received at least 90% of the 
full dose). There was no statistically significant difference 
in adherence between arms (81% veliparib vs 68% placebo, 
P = .135).

3.4.4 | Comparison of CTCAE 
neuropathy and patient-reported neurotoxicity

For CTCAE neuropathy, patients with a CTCAE grade ≥ 1 
on any neurotoxicity items in CTCAE v4.0 (e.g, peripheral 
sensory neuropathy, peripheral motor neuropathy) were 
classified as having neuropathy. CTCAE grade 0 was clas-
sified as not having neuropathy. Of the 132 treated patients, 
33 (25%; 20 on veliparib, 13 on placebo) experienced neu-
ropathy per CTCAE assessments while on treatment or dur-
ing follow-up. There was no grade 3 or higher neuropathy 
reported; 77 episodes (64 peripheral sensory; 39 on veli-
parib, 25 on placebo; 13 peripheral motor; 8 on veliparib, 5 
on placebo) of grade 1-2 neuropathy were reported for these 
33 patients.

Comparing FACT/GOG-Ntx neurotoxicity scores re-
ported at 3-months (ie end of cycle 4) by CTCAE neuropa-
thy reported in cycle 4, the mean FACT/GOG-Ntx score was 
35.8 (SD = 6.7) among 15 patients with grade 1 or 2 neu-
ropathy per CTCAE in cycle 4, compared to a mean score 
of 37.9 (SD = 6.0) among the 95 patients without grade 1 
or 2 neuropathy per CTCAE in cycle 4 (P > .05). Among 
the patients without neuropathy per CTCAE in cycle 4, 11 

T A B L E  3  Linear mixed effect model analysis of FACT/GOG-Ntx 
neurotoxicity total score

Covariates Coef. 95% CI P value

Treatment (veliparib vs 
placebo)

0.73 −1.26 2.72 .474

Time

3 mo vs baseline −1.54 −3.04 −0.04 .045

6 mo vs baseline −3.07 −4.88 −1.25 .001

Treatment-by-time 
interaction

3 mo & veliparib 1.34 −0.68 3.37 .194

6 mo & veliparib 0.62 −1.80 3.04 .614

Age (years, continuous) 0.03 −0.07 0.13 .582

Sex (male vs female) −0.57 −2.45 1.31 .553

Race/ethnicity (non-
Hispanic White vs other)

−2.72 −6.03 0.58 .106

ECOG PS (1 vs 0) −1.97 −4.09 0.16 .070

LDH (abnormal vs normal) −0.11 −2.09 1.87 .916

Weight loss in previous six 
months (yes vs no)

−0.73 −2.72 1.26 .471

Pleural Effusion (present vs 
absent)

−0.74 −2.72 1.24 .464

Note: For dichotomous variables, the second group listed is the reference group 
(eg placebo is the reference group for treatment). Positive coefficient indicated 
more neurotoxicity in the reference category for a covariate, and negative 
coefficient indicated less neurotoxicity in the reference category.

F I G U R E  3  A Treatment-emergent patient-reported neurotoxicity symptom at 3 and 6 mo based on individual FACT-GOG-NTX items 
(% of patients rating as ≥“a little bit”) by treatment arm. FACT/GOG-Ntx = Functional Assessment of Cancer Therapy/Gynecologic Oncology 
Group Neurotoxicity (11-items). 3-month assessment corresponds to end of cycle 4. 6-mo assessment corresponds to 3-mo post-treatment. Items 
from the FACT/GOG-NTX are as follows: difficulty walking = AN6; weakness = HI12; numbness/tingling, hands = NTX1; numbness/tingling, 
feet = NTX2; discomfort, hands = NTX3; discomfort, feet = NTX4; arthralgia/myalgia = NTX5; difficulty hearing = NTX6; tinnitus = NTX7; 
motor, hands = NTX8; sensory, hands = NTX9. Weakness was the most common treatment-emergent symptom at 3 mo (50.0% in veliparib; 
63.6% in placebo) and 6 mo (77.8% in veliparib; 58.8% in placebo). B, Most common moderate or severe patient-reported neurotoxicity symptoms 
at 3 and 6 mo based on individual FACT-GOG-NTX items (% of patients rating as “quite a bit” or “very much”) by treatment arm. FACT/GOG-
Ntx = Functional Assessment of Cancer Therapy/Gynecologic Oncology Group Neurotoxicity (11-items). 3-month assessment corresponds 
to end of cycle 4. 6-month assessment corresponds to 3-months post-treatment. Items from the FACT/GOG-NTX are as follows: difficulty 
walking = AN6; weakness = HI12; numbness/tingling, hands = NTX1; numbness/tingling, feet = NTX2; discomfort, hands = NTX3; discomfort, 
feet = NTX4; arthralgia/myalgia = NTX5; difficulty hearing = NTX6; tinnitus = NTX7; motor, hands = NTX8; sensory, hands = NTX9. The 
proportion of patients endorsing moderate or severe symptoms (ie item response = 3 [quite a bit] or 4 [very much] did not differ significantly 
between treatment arms at any time point. Weakness was most common moderate or severe symptom reported at 3-months (15.5% in veliparib; 
26.5% in placebo) and 6-month (32.5% in veliparib; 22.6% in placebo)
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(12%) reported a FACT/GOG-Ntx neurotoxicity score of 30 
or less (concerning for neurotoxicity), and 3 (3%) reported 
a neurotoxicity score of 25 or less (clinically significant 
neurotoxicity).

Among patients with grade 1-2 neuropathy per CTCAE 
in cycle 4, the most common moderate to severe (ie FACT/
GOG-Ntx item response = 3 [quite a bit] or 4 [very much]) 
symptoms patients reported on the FACT/GOG-Ntx were 
weakness (40.0%), numbness in feet (20%), difficulty walk-
ing (13.4%), ringing or buzzing in the ears (13.4%), joint 
pain or muscle cramps (13.3%), and feet discomfort (13.3%). 
Among patients without grade 1-2 neuropathy per CTCAE 
in cycle 4, the most common moderate to severe symptoms 
patients reported on the FACT/GOG-Ntx were weakness 
(16.9%), ringing or buzzing in the ears (13.7%), difficulty 
walking (12.6%), and trouble hearing (12.6%). Results were 
similar when only treatment-related neuropathy (ie toxicity 
probably, likely, or definitely attributed to treatment) on the 
CTCAE was considered (results not shown).

4 |  DISCUSSION

The ECOG-ACRIN Cancer Research Group recently re-
ported that the addition of veliparib to CE may have a role 
in the treatment of a subgroup of patients with treatment 
naïve ES-SCLC, based on superior outcomes and a toxic-
ity profile that is generally comparable to standard therapy 
based on physician-rated adverse events.3 The goal of this 
study was to compare neurotoxicity between treatment arms 
using a patient-reported outcome measure for a precise and 
robust measure of neurotoxicity to test the trial's hypothesis 
that veliparib would have a neuroprotective effect compared 
to placebo. Treatment arm comparisons were conducted at 
3  months (end of cycle 4) and 6  months (3  months post-
treatment). Important secondary objectives were to identify 
treatment-emergent and the most prevalent moderate to se-
vere symptoms of neurotoxicity, compare adherence to oral 
therapy between arms, and compare CTCAE rated neurotox-
icity to patient-reported neurotoxicity.

Patient-reported neurotoxicity was comparable between 
treatment arms based on similar mean levels of neurotoxic-
ity at 3 and 6 months, magnitude of change in neurotoxicity 
symptoms from baseline to 3 and 6 months, and proportion of 
patients endorsing moderate to severe neurotoxicity at 3 and 
6 months. Thus, the hypothesis that the addition of veliparib 
to CE would have a neuroprotective effect was not supported. 
However, whereas neurotoxicity scores worsened in the pla-
cebo arm between baseline and 3  months, they appeared 
stable in the veliparib arm during this time. This suggests a 
signal for a neuroprotective effect while patients were taking 
veliparib. This might explain why neurotoxicity worsened in 
the veliparib arm at 6-months, as by that time patients had 

been off veliparib for 3  months. Data from larger ongoing 
trials (eg ClinicalTrials.gov NCT02289690) and correlative 
studies of SNPs that have been associated with increased 
risk for chemotherapy-induced neurotoxicity (eg SOX1019) 
may help elucidate veliparib's potential neuroprotective ef-
fects. However, future studies seeking to evaluate veliparib's 
potential neuroprotective effects should include measures of 
patient-reported toxicity. In this trial, 3% of patients catego-
rized as not having neuropathy based on CTCAE grade (0) 
had patient-reported neurotoxicity scores in the clinically sig-
nificant range; 12% had scores that were comparable to those 
found in samples with known chemotherapy-induced neu-
ropathy.16 This supports prior findings that CTCAE grading 
may underestimate symptom severity and affirms the value in 
using PROs to capture patients’ experiences with treatment.

This study adds to limited literature on patient-reported 
experiences of neurotoxicity among ES-SCLC patients. In 
this sample, patients with a worse ECOG performance sta-
tus (1 vs 0) at baseline appeared to experience worse neuro-
toxicity, as did non-Hispanic White patients. Future studies 
should evaluate neurotoxicity among those with PS 2, which 
represent over 30% of lung cancer patients presenting for 
treatment,20 and in regimens using carboplatin, which tends 
to have fewer neuropathy side effects compared to cisplatin. 
The relation between race and neurotoxicity also warrants 
further study, as others have found race-based differences in 
neurotoxicity in breast cancer.21

This study yielded information about the onset, trajec-
tory, and severity of treatment-related symptoms. As we 
begin to combine chemotherapy with other novel agents, it 
will be important to understand how such regimens impact 
ability to remain on and complete therapy. Most patients in 
both arms reported new onset of treatment-related weakness 
from baseline to 3 months. Other common treatment-related 
symptoms that emerged from baseline to 3 months included 
foot discomfort, arthralgia and myalgia, tinnitus, and diffi-
culty walking, which were more prevalent in the placebo arm, 
though not statistically different. Many patients also reported 
symptoms at 6 months, after treatment had ended. Most pa-
tients in both arms reported new onset of treatment-related 
weakness from baseline to 6 months. Other common treat-
ment-emergent symptoms at 6  months included arthralgia 
and myalgia, numbness or tingling in the hands, difficulty 
hearing, numbness or tingling in the feet, and difficulty walk-
ing. With the exception of difficulty walking, these symp-
toms were inconsistently distributed between treatment arms. 
Of the symptoms patients experienced, difficulty walking 
and ototoxicity were common at moderate to severe levels at 
3 months. Weakness was the most prevalent moderate to se-
vere symptom at 3 months and 6 months. Consistent with the 
trial's findings,3 patient-reported weakness was not signifi-
cantly different between treatment arms in this study, which 
further supports veliparib's tolerability.
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The final marker of tolerability examined was adherence 
to oral therapy. Adherence to oral therapy (ie veliparib or pla-
cebo) was good. Most patients received at least 90% of the 
full dose of oral therapy prescribed. Although often not ex-
amined in studies of ES-SCLC patients for whom treatment 
and consequently long-term survival is limited, oral agents 
are increasingly used in treating cancer. These agents offer 
increased convenience for patients, but are also subject to 
elective discontinuation if patients are unable to tolerate their 
side effects.22,23 Continued effort to understand adherence to 
new treatment regimens may identify patients who need better 
toxicity management, and ultimately maximize their potential 
therapeutic benefit.

Of concern, comparison of patient-reported to physician 
grade neurotoxicity (ie CTCAE) suggested that 3%-12% of 
patients may experience concerning neurotoxicity that is not 
captured by physician assessment. Further, our results sug-
gest between 12% and 17% of patients who physicians clas-
sify as not having neurotoxicity may experience moderate to 
severe symptoms. The proportion of patients reporting mod-
erate or severe weakness in either treatment arm was higher 
than CTCAE-rated neurotoxicity of any grade at cycle 4. In 
the placebo arm, the proportion reporting moderate or severe 
difficulty walking and tinnitus was also higher than CTCAE-
rated neurotoxicity of any grade at cycle 4. Examination of 
individual patient-reported items indicated patients who phy-
sicians identify as having neurotoxicity report worse weak-
ness and foot numbness. This may suggest these symptoms 
are more likely to be included in providers’ assessment and 
conceptualization of chemotherapy-induced neuropathy24; 
however, from the patient perspective, other moderate to se-
vere symptoms at the end of treatment also included diffi-
culty walking and ototoxicity, which may be overlooked in 
older patient populations. However, ototoxicity is a signifi-
cant concern, as it can impair patient quality of life and func-
tion25,26 and increase risk of falls and cognitive decline.25,27-29 
Assessment of specific symptoms and their functional impact 
should be incorporated into discussions of patient priorities 
and treatment plans.30,31

4.1 | Limitations

Given the small sample size, this study was only powered to 
detect moderate to large effect sizes. PRO assessment com-
pletion rates were poor at 6 months, which may have intro-
duced sample bias. However, non-completion was mainly 
due to institutional factors (eg failure to give a patient the 
assessment to complete, staff unavailability) and PRO com-
pletion rates were comparable between arms. The potential 
signal for non-Hispanic Whites to experience worse over-
all neurotoxicity is exploratory. Other limitations include 
single items to assess specific symptoms and lack of items 

to directly assess impact of treatment side effects. Future 
trials assessing neurotoxicity should consider items to as-
sess symptom bother, which itself may predict treatment 
discontinuation.32

5 |  CONCLUSION

This study suggests the addition of veliparib to CE is tol-
erable according to patient-reported neurotoxicity, CTCAE 
rated neurotoxicity, and adherence to oral therapy. Patient-
reported weakness should be monitored. Future studies of 
veliparib should include patient-reported measures of neu-
rotoxicity, including the NCI PRO-CTCAETM, and consider 
complementary objective measures of neurotoxicity33 to fur-
ther assess its potential neuroprotective effects. Item-level 
analysis of symptoms of neurotoxicity in future trials may 
help identify early indicators of neurotoxicity during treat-
ment, which may aid clinical management efforts. Providers 
should be aware of the potential for underestimating other 
likely moderate to severe symptoms of neurotoxicity, includ-
ing ototoxicity.
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