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Abstract

Background: More than 80% of patients with advanced cancer develop weight loss. Because preclinical data
suggest poly (ADP-ribose) polymerase (PARP) inhibitors can treat this weight loss, this study was undertaken
to explore the PARP inhibitor veliparib for this indication.
Objective: The current study was undertaken to analyze prospectively gathered data on weight in cancer
patients on PARP inhibitors.
Design/Setting: The current study relied on a previously published, prospectively conducted phase 1 single
institution trial that combined veliparib and topotecan (NCT01012817) as antineoplastic therapy for advanced
cancer patients. Serial weight data and, when available and clinically relevant, computerized tomography scans
were also examined.
Measurements: The primary endpoint was 10% or greater weight gain from trial enrollment.
Results: Nearly all 60 patients lost weight over time. Only one patient manifested a 10% or greater gain in
weight. However, review of computerized tomography L3 images showed this weight gain was a manifestation
of ascites. Four other patients gained 5% of their baseline weight. However, findings in two patients with
available radiographs showed no evidence of muscle augmentation.
Conclusions: The addition of the PARP inhibitor veliparib to chemotherapy does not appear to result in notable
weight gain or in weight maintenance in patients with advanced cancer. Interventions other than PARP in-
hibitors should be considered for the palliation/treatment of cancer-associated weight loss.
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Introduction

More than 80% of patients with advanced cancer
develop cancer-associated weight loss, a syndrome

characterized by a forfeiture of muscle and a decline in
functional status, quality of life, and survival.1,2 Treating or
palliating this syndrome has been unsuccessful. Enobosarm
and anamorelin were tested in large, multicenter trials that
accrued hundreds of patients—only to fall short of achieving
their primary endpoints.3,4 Such findings underscore the
current therapeutic void for metastatic cancer patients who
suffer from this syndrome and point out the need to continue

to investigate agents that hold promise in improving muscle
and its functionality with the goal of improving patients’
quality of life and survival.

Inhibitors of poly (ADP-ribose) polymerase (PARP) have
received Food and Drug Administration (FDA) approval as
antineoplastic agents. Interestingly, however, >20 years of
preclinical data also suggest that, despite the purported ef-
fects of this class of agents on fat, these agents are able to treat
muscle loss.5–19 This salutary effect on muscle could lead to
weight gain. Genetic and pharmacological inhibition of
PARP-1 in mouse models demonstrate enhanced muscle fit-
ness as a result of increased mitochondrial function.20,21 Mice
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treated with PARP inhibitors show an increased abundance of
mitochondrial respiratory complexes as well as increased
mitochondrial respiratory capacity.20 Mice with a PARP-1
deletion demonstrate greater mitochondrial content and in-
creased energy expenditure in brown adipose and skeletal
muscle as well as protection against metabolic disease.22

PARP inhibition also increases NAD (+) content and SIRT1
activity, resulting in enhanced oxidative phosphorylation and
providing a possible mechanism for enhanced metabolism in
skeletal muscle.22–24 Furthermore, mouse models of reperfusion
injury and aging reveal preservation of skeletal muscle mito-
chondrial biogenesis and bioenergetics with PARP inhibi-
tors.21,24 The putatively protective role of PARP inhibitors may,
in part, reside in their apparent antioxidant capacity, as dem-
onstrated in cultured mouse and rat myoblast cell line (C2C12
and L6, respectively) treated with the PARP inhibitor PJ34.23

Moreover, PARP inhibitors (3-aminobenzamide, PD128763)
have no adverse effect on fusion of L6 myoblasts, a finding
that suggests these agents attenuate factors that contribute to
muscle atrophy.23 Such data—in conjunction with several
other preclinical studies in cancer and noncancer settings and
in conjunction with a clear absence of prior, relevant clinical
data—underscore the need to study PARP inhibitors clinically
for cancer-associated weight loss.25–33

Methods

Overview

The current study relied on a previously published phase 1
trial that combined veliparib and topotecan (NCT01012817)
for cancer treatment.34 This parent trial served as the platform
for the investigation reported here. This parent trial sought to
determine the maximally tolerated dose of this drug combi-
nation and, therefore, tested a wide range of veliparib doses
from 10 mg/day in 3 day treatment intervals on a weekly basis
up to 300 mg twice a day administered at these same intervals
in combination with weekly chemotherapy.

Eligibility

For the current study, all patients who were enrolled in the
parent trial and who had weight data were included. Eligibility
criteria appear on www.clinicaltrials.gov as well as in the
published article.34 In brief, eligible patients had an incurable
malignancy; no more than two prior types of chemotherapy (at
the lower doses of veliparib; patients were allowed to have had
more prior chemotherapy exposure); evidence of acceptable
hepatic, renal, and bone marrow function; and an anticipated
life expectancy of at least three months.

Acquisition and evaluation of data

Serial weights at four-week intervals were abstracted from
each patient’s clinical record and are presented as percentage
change from baseline over time. Medical records were re-
viewed for weight loss of 10 pounds or more in the three
months before trial enrollment.

The primary goal of this study was to report the number of
patients who manifested a 10% or greater weight gain from
trial enrollment. This 10% threshold was chosen because (1)
prior studies for cancer-associated weight loss had used this
threshold to define success, (2) preclinical data that reported
weight data used this threshold, and (3) conversely, >10%

weight loss is deemed a clinical marker of severe malnutri-
tion.35–39 This study focused on weight as the primary end-
point because it was assessed consistently and frequently,
more so than computerized tomography scans, and because
the parent study had a high patient dropout rate (median
number of chemotherapy cycles of two), a situation that
would have lessened power and potentially biased conclu-
sions in favor of fitter patients.40

The parent trial mandated computerized tomography scans
at eight-week intervals while patients remained on therapy.
For the current study, when available and clinically relevant,
computerized tomography scans were visually inspected at the
L3 level (and at other levels when appropriate) to further assess
patients who had gained weight to characterize whether muscle
augmentation explained any observed weight gain.41,42

Results

Demographics

All patients who had enrolled in the original trial are in-
cluded in these analyses, with the exception of two who had
no weight data. Table 1 shows baseline demographics, which
are most notable for gender and tumor type imbalances, both
of which appear reflective of and driven by PARP inhibitor
development plans. Also of note, only 10% of patients had
lost weight in the three months before trial enrollment.

Weight data

Nearly all patients lost weight over time (Fig. 1). No
weight trends were apparent based on dose of veliparib.

Only one patient with ovarian cancer manifested a 10% or
greater gain in weight. However, her computerized tomog-
raphy image at the L3 cross section showed this weight gain
was a manifestation of ascites (Fig. 2). Four other patients
gained 5% of their baseline weight; this weight gain was
relatively transient in two patients and occurred before scan
obtainment. In the other two patients with 5% weight gain, no
evidence of muscle augmentation was observed with in-
spection of sequential computerized tomography scans.

Table 1. Demographics (n = 60)

Median age (range)a 57 (34,78)

Sex
Male 1 (2)
Female 59 (98)

Cancer type
Ovarianb 53 (88)
Endometrial 4 (7)
Cervical 1 (2)
Lung 1 (2)

Weight loss at trial entry?
Yes 6 (10)
No 41 (68)
Unknown 13(22)

aNumbers in parentheses are percentages of the entire cohort
unless otherwise noted.

bIncludes ovarian, fallopian tube, and primary peritoneal cancer.
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Tumor response data and adverse events

As previously reported, a partial or complete tumor re-
sponse was observed in five patients. Adverse events are
described in detail in the article for the parent trial but are in
keeping with what has been previously described with PARP
inhibitors; hematologic toxicity, as manifested with myelo-
suppression, was most commonly observed.

Discussion

Despite a strong preclinical rationale for testing PARP
inhibitors for the treatment of cancer-associated weight loss,
this study found no apparent clinical benefit with respect to
weight gain or stabilization with veliparib. Even lowering the
threshold for clinically favorable weight gain to 5% from trial
enrollment showed no apparent increase in lean tissue on
computerized tomography scans. Our findings suggest that
future clinical trials aimed at treating cancer-associated
weight loss should focus on interventions other than PARP
inhibitors.

No previous studies have examined PARP inhibitors for
cancer-associated weight loss, making this study novel de-
spite its negative conclusions. In contrast, prior studies had
focused mostly on muscle diseases of other etiologies.20–27

However, the findings reported here should not detract from
examining PARP inhibitors for muscle loss from other non-
cancer etiologies.

This study has two limitations. First, one might criticize
the fact that a PARP was combined with chemotherapy. This
approach can be justified because (1) no previous clinical
studies suggest topotecan would detract from veliparib’s
purported salutary muscle effects, (2) prior studies have
shown successful chemotherapy leads to weight gain, and (3)
precedent exists for including chemotherapy in cancer-
associated weight loss trials.3,4,35,36 With respect to this first
point, a handful of studies have suggested that topotecan
might have negative effects on smooth muscle, an observa-
tion that suggests that there might still be opportunity to study
PARP inhibitors for the treatment of cancer-associated
muscle loss in conjunction with different drug combina-
tions.9–11 With respect to this last point, antineoplastic ther-
apy is a critical component of cancer care and must be
integrated into cancer-associated weight loss trials.3,4,35,36

Second, we had no placebo arm to benchmark weight out-
comes. However, because we saw a decline in weight over
time in nearly all patients, these findings are compelling.

This study also has strengths. First, this sample size of 60
patients provides a robust descriptive study. Our observations
relevant to weight gain were complemented by inspection of
computerized tomography scans that provide rigor to sub-
stantiate these negative findings. Second, previous investi-
gators have commented on the fact that when cancer patients
begin to lose weight, the ability to stop that weight loss ap-
pears limited.43 Thus, the fact that weight loss was not an
eligibility criterion for the parent trial coupled with the fact
that only 10% of patients had baseline weight loss provided
an evenhanded opportunity for veliparib to work. Thus, the
negative findings here remain noteworthy.

Finally, our study design is another strength. The negative
phase III trials with enobosarm and anamorelin cost millions
of dollars.3,4 Reanalyzing data from a previous trial with a
different primary endpoint—and bypassing the time and

FIG. 1. Most patients lost weight after trial enrollment.
Only one patient manifested a 10% or greater gain of her
baseline weight.

FIG. 2. Serial computerized tomography scans at the L3
vertebra (top image at trial entry and bottom at trial dis-
continuation) show no evidence of incremental muscle gain.
Instead, the bottom image shows notable ascites, which
accounted for the observed weight gain, and evidence of
muscle thinning.
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expense of a prospective trial—has merit. Our negative
findings encourage investigators to refocus on more prom-
ising areas of investigation for cancer-associated weight loss.
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