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Abstract

Rationale: Bimagrumab is a fully human monoclonal antibody
that blocks the activin type II receptors, preventing the activity of
myostatin and other negative skeletal muscle regulators.

Objectives: To assess the effects of bimagrumab on skeletal muscle
mass and function in patients with chronic obstructive pulmonary
disease (COPD) and reduced skeletal muscle mass.

Methods: Sixty-seven patients with COPD (mean FEV, 1.05 L
[41.6% predicted]; aged 40-80 yr; body mass index < 20 kg/m?* or
appendicular skeletal muscle mass index < 7.25 [men] and < 5.67
[women] kg/m?), received two doses of either bimagrumab 30 mg/kg
intravenously (n = 33) or placebo (n = 34) (Weeks 0 and 8) over

24 weeks.

Measurements and Main Results: We assessed changes in
thigh muscle volume (cubic centimeters) as the primary endpoint
along with 6-minute-walk distance (meters), safety, and tolerability.

Fifty-five (82.1%) patients completed the study. Thigh muscle
volume increased by Week 4 and remained increased at Week 24 in
bimagrumab-treated patients, whereas no changes were observed
with placebo (Week 4: +5.9% [SD, 3.4%] vs. 0.0% [3.3%], P < 0.001;
Week 8: +7.0% [3.7%] vs. —0.7% [2.8%], P < 0.001; Week 16: +7.8%
[5.1%] vs. —0.9% [4.5%], P < 0.001; Week 24: +5.0% [4.9%] vs.
—1.3% [4.3%], P < 0.001). Over 24 weeks, 6-minute-walk distance
did not increase significantly in either group. Adverse events in the
bimagrumab group included muscle-related symptoms, diarrhea,
and acne, most of which were mild in severity.

Conclusions: Blocking the action of negative muscle regulators
through the activin type II receptors with bimagrumab treatment
safely increased skeletal muscle mass but did not improve functional
capacity in patients with COPD and low muscle mass.

Clinical trial registered with www.clinicaltrials.gov (NCT01669174).
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At a Glance Commentary

Scientific Knowledge on the
Subject: In patients with chronic
obstructive pulmonary disease
(COPD), locomotor muscle weakness
is associated with a poor prognosis,
worse health-related quality of life, and
increased health care use. Although
pulmonary rehabilitation can partially
reverse skeletal muscle weakness in
COPD, there is no drug approved for
this purpose or to recover lost muscle
mass. Myostatin and activin A are
negative regulators of muscle mass that
are increased in patients with COPD;
myostatin and other regulators of
muscle mass signal through the activin
type Il receptors. Bimagrumab is a fully
human monoclonal antibody that
blocks the activin type II receptors and
is currently under investigation for
multiple indications associated with
muscle wasting.

What This Study Adds to the
Field: We report the first placebo-
controlled, double-blind, randomized
trial that investigated the effects of
activin type II receptors blockade in
patients with COPD and evidence
of low body weight or muscle mass.
Bimagrumab substantially increased
thigh muscle volume and total lean
body mass, but this did not translate
into improved muscle function or
functional performance.

Chronic obstructive pulmonary
disease (COPD) is a common and often
progressive condition, with some patients
experiencing disabling symptoms despite
the use of approved therapies. Reduced
quadriceps muscle mass, and consequent
weakness, is present in approximately
one-third of patients with COPD (1),
and multiple reports have confirmed that
this extrapulmonary feature is associated
with poor clinical outcomes. Specifically,
quadriceps weakness (2) and wasting (3)
have been associated with increased
mortality, and reduced rectus femoris
cross-sectional area predicts a higher risk of
readmission after acute exacerbation (4).
Myostatin (growth and differentiation
factor 8), activin A, activin B, and growth
and differentiation factor 11 are all negative
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regulators of skeletal muscle mass that act
through ActRII (activin type II) receptors.
The activin receptor is a heterodimer
consisting of a type I subunit (ALK4 [activin
receptor-like kinase 4] or ALK5) and a type
IT subunit (ActRITIA or ActRIIB). Humans
(5) and animals (6) with genetic mutations
that result in reduced or nonfunctional
myostatin, exhibit increased muscularity
but are otherwise healthy. Conversely, studies
have shown that quadriceps myostatin RNA
is increased in patients with COPD with
low muscle strength and functional limitation
(7, 8).

Pulmonary rehabilitation, an exercise-
based therapy that is known to increase both
exercise capacity and quadriceps strength
(9), also reduces quadriceps myostatin
expression in patients with COPD in
both acute (10) and chronic settings (11).
Completion of pulmonary rehabilitation
is associated with reduced frequency of
COPD exacerbations, emergency department
visits, hospitalization, and mortality (12-14).
As such, a pharmacological approach that
also increases muscle mass and exercise
capacity might have the potential to
improve quality of life and reduce costs
associated with the care of patients with
COPD.

Clinical experience with
non-androgen-based pharmacological
anabolic agents is sparse. An antibody
against myostatin has been previously
studied in older men and women with
a history of falls. Six months of dosing
resulted in a modest increase in lean body
mass (LBM), with no clinically relevant
improvement in functional endpoints (15).
In another study, a molecule with a
different mechanism of action, a soluble
form of the ActRIIB, increased skeletal
muscle mass in healthy volunteers by
binding to circulating myostatin and
other ligands (16). Bimagrumab, an
ActRII blocker, has been shown to cause
substantial skeletal muscle hypertrophy
in animal models (17) and humans (18)
by preventing the activity of myostatin
and other negative regulators of muscle
mass in a SMAD 2/3 (small mothers
against decapentaplegic 2/3; the main
signal transducers for ActRII)-dependent
manner. A phase II study showed that
in men and women with sarcopenia,
treatment with bimagrumab resulted in
increased skeletal muscle mass and strength
and improved mobility in subjects with
low baseline function (18). Therefore, we

theorized that reducing myostatin activity
via blockade of the ActRII in patients with
COPD and associated low skeletal muscle
mass might result in muscle hypertrophy
and improved muscle function and
functional performance. Some of these data
were previously presented at the American
Thoracic Society International Conference,
May 13 to 18, 2016, in San Francisco,
California.

Methods

Study Design and Participants
This 24-week, randomized, double-blind,
placebo-controlled, parallel-arm, phase Ila
study was conducted across 11 sites in the
United Kingdom, United States, and the
Netherlands from June 2013 to December
2014. Patients were randomly assigned (1:1)
to receive two doses of either bimagrumab
30 mg/kg or placebo (see Figure E1
in the online supplement) administered
intravenously on study Days 1 and 57.
The study included men and women with
a clinical diagnosis of COPD, Global
Initiative for Obstructive Lung Disease
(GOLD) spirometric stage 2 or worse
(19), with a tobacco exposure of more
than 10 pack-years. Eligible patients had
evidence of low skeletal muscle mass,
assessed as body mass index (BMI) less
than 20 kg/m* or appendicular skeletal
muscle mass index (lean mass of upper and
lower limbs/height®) of less than 7.25 kg/m®
for men or less than 5.45 kg/m? for
women, measured by dual energy X-ray
absorptiometry (DXA) (20). Other key
inclusion criteria were clinical stability, no
participation in pulmonary rehabilitation
in the 3 months before dosing, and an
average daily consumption of more than
20 kcal/kg and more than 0.6 g protein/kg,
as confirmed by dietician’s evaluation (21).
Exclusion criteria focused on conditions
that would impact improvement in
mobility (i.e., Medical Research Council
dyspnea score of grade 5 or hospitalization
2 weeks before screening) or confound
changes in muscle mass (i.e., drugs known
to affect skeletal muscle size, such as an
androgen or anti-androgen). A complete
list of inclusion and exclusion criteria
is available in the online supplementary
(Table E1).

Novartis Drug Supply Management
produced a randomization list using a
validated, automated system that randomly
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assigned participants to treatment arms. The
Novartis Biostatistics Quality Assurance
Group approved the randomization scheme.
All participants, investigators, and sponsor
representatives associated with the study
were masked to treatment allocation.

The study was conducted in accordance
with the International Council for
Harmonisation of Technical Requirements
for Pharmaceuticals for Human Use
Guidelines for Good Clinical Practice, with
applicable local regulations, and with the
ethical principles as laid down in the
Declaration of Helsinki. All participants
provided written informed consent before
enrollment. Participants were free to
withdraw from the study at any time.

Measurements

Changes from baseline in thigh muscle
volume (TMV), assessed by magnetic
resonance imaging (MRI), at 8 weeks
was the primary outcome of this study
to determine differences in muscle
hypertrophy from baseline between the
treatments. Patients were imaged using a
1.5T scanner and a Q-body coil at all sites,
which allowed for intermuscular and
subcutaneous lipid quantification (22).

DXA was used to evaluate body
composition and total and appendicular
lean and fat mass. A calibration phantom
was used to ensure consistency in DXA
readings across study sites (23). Body
positioning, including that of hands and
feet, was standardized across sites. In
addition to body composition, data regarding
appendicular lean mass and bone density
were assessed.

Tests to assess mobility, muscle
strength and power, and common daily
tasks and a questionnaire to measure
patients’ health status were used to quantify
functional status. These included the
6-minute-walk test, which was performed
to conform with the American Thoracic
Society Guidelines (24), bilateral handgrip
dynamometry, bilateral one-repetition
maximum leg press to assess muscle
strength (25), stair climbing time to assess
lower limb muscle power (26), and the
Timed Up and Go test (27). Maximum
inspiratory and expiratory pressures were
measured from residual volume and total
lung capacity, respectively, according to
European Respiratory Society/American
Thoracic Society guidelines (28). Health
status was measured by using the St.
George’s Respiratory Questionnaire (29).

Statistical Methodology

A sample size calculation was conducted
for the primary endpoint (TMV) on the
basis of 8-week data from a previous
first-in-human study (30), and this
calculation showed that 25 patients in
each arm would have a 77% power to
detect a 7% increase in TMV by a one-
sided test at significance level 5%. Dropouts
were estimated at 17%, generating a
recruitment target of 60 patients, which was
exceeded. Efficacy data were analyzed at
each time point by analysis of covariance
with a fixed effect for treatment (bimagrumab
or placebo) and a continuous covariate for
the baseline measurement. TMV data
were log-transformed before analysis,

but all results were back-transformed

and reported on the original scale.
Findings were considered statistically
significant if a two-tailed P value was less
than 0.05.

Results

A schematic of the study design is presented
in Figure 1. Sixty-seven patients were
randomized (bimagrumab group: 33;
placebo group: 34), and 55 (82.1%;
bimagrumab: 27; placebo: 28) completed
the study.

Baseline characteristics were similar
in both treatment arms (summarized in
Table 1). The study population had a mean
age of 64 years, was predominantly white
(90%), had a mean BMI of 19.3 kg/mz,
and had a mean FEV, of 1.05 L (41.6%
predicted).

TMYV, assessed by MRI, increased
significantly 4 weeks after the first
dose of bimagrumab and remained
above baseline throughout the study
(Figure 2), whereas no change was seen in
the placebo group. The bimagrumab group
had a mean (SD) increase in TMV of
+5.9% (3.4%) at Week 4, +7.0% (3.7%)
at Week 8, +7.8% (5.1%) at Week 16,
and +5.0% (4.5%) at Week 24, whereas
those receiving placebo showed a small
decline in TMV over the same period
(0.0% [3.3%], —0.7% [2.8%], —0.9%
[4.5%], and —1.3% [4.1%]). Least squares
means differences (90% confidence
interval) between the bimagrumab and
placebo groups were +6.1% (4.6-7.6%) at
Week 4, +7.8% (6.2-9.4%) at Week 8,
+8.6% (6.3-11.0%) at Week 16, and
+6.6% (4.4-8.9%) at Week 24 (P < 0.001).
Differences in LBM, assessed by DXA,
from baseline confirmed the systemic
effects of bimagrumab. Patients from the
group receiving bimagrumab showed
mean (SD) improvements in total LBM
from baseline of +1.3% (5.7%) at Week 4,
+1.6% (5.8%) at Week 8, +2.7% (5.7%)
at Week 12, +3.1% (6.4%) at Week 16,
and +1.2% (6.2%) at Week 24. These
percentage increases translated into mean
group gains of 0.4 to 1.1 kg of lean mass.
Concurrent with the anabolic effect, the
bimagrumab group showed substantial
reductions in both intermuscular and
subcutaneous adipose tissue on MRI
(Figures E2 and E3), with mean (SD)
changes at 24 weeks of —13.1% (6.1%)
and —15.7% (10.1%), respectively; no
changes were observed in the placebo

Patients enrolled (n=67)

!

Received bimagrumab (n=33) :|

!

)

|

Received placebo (n=34) J

!

Discontinued bimagrumab (n=6)
* Withdrew consent (n=2)
* Withdrew due to AEs (n=2)
* Administrative problems (n=1)
e Lost to follow-up (n=1)

Discontinued placebo (n=6)

* Withdrew consent (n=2)
* Withdrew due to AEs (n=2)
* Administrative problems (n=2)

|

[ Completed (n=27) :|

!

[ Completed (n=28) J

Figure 1. Study design. All 67 patients (bimagrumab, n = 33; placebo, n = 34) were included in the
safety and the efficacy analysis sets. AEs = adverse events.
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Table 1. Characteristics of the Participants

Baseline Data

Bimagrumab (n = 33)

Placebo (n =34)

Age, yr 64.5 (5.9) 63.1 (7.5)
51-75 49-80
Men/women 17/16 16/18
BMI, kg/m? 19.5 (2.0) 19.1 (1.9)
15.2-23.4 15.5-23.6
FEVq4, L 1.1 (0.5) 1.0 (0.5)
0.3-2.8 0.3-2.4
FEV4, % predicted 42.5 (16.4) 40.6 (15.9)
20-79 17-77
FEV4/FVC, % 36.1 (9.7) 38.9 (11.3)
19-56 19-65
T™MV, cm?® 2,533.8 (677.7) 2,469.6 (748.7)
1,465.7-3,731.6 823.2-3,998.1
Total LBM, kg 35.5 (7.8) 33.6 (6.8)
24.4-48.0 32.3-53.3
ALM, kg 15.3 (3.7) 14.8 (3.7)
9.9-21.8 8.9-25.5
6MWD, m 361 (94) 372 (92)
138-535 144-606
SGRQ score 52.4 (14.0) 54.2 (18.3)
21.6-75.5 57.1-91

Definition of abbreviations: BMWD = 6-minute-walk distance; ALM = appendicular lean mass; BMI =
body mass index; LBM =lean body mass; SGRQ = St. George’s respiratory questionnaire; TMV =

thigh muscle volume.

Data are presented as mean (SD) and range, unless specified otherwise.

group. Assessment of total and appendicular
lean and fat mass by DXA scanning confirmed
the MRI findings (Figures E4 and E5). There
was no change in bone mineral density in
either group.

There was no effect of either treatment
on any measure of muscle strength or
mobility. In the bimagrumab group, there
was a progressive increase over placebo
in maximum static expiratory pressure
(Figure 3); statistical significance was noted
at Week 24 (P=0.017). In addition, no
statistically significant differences were
recorded in spirometry parameters between
both groups throughout the study (Table 2).
No statistically significant difference was
observed in 6-minute-walk distance
(6MWD), stair climbing time, Timed Up
and Go test, one-repetition maximum leg
press, or hand-grip strength between groups
at any time during the study (Table 2).
Similarly, no differences in St. George’s
Respiratory Questionnaire scores were

316

observed between groups at any time during
the study (Table 2).

On analysis of safety outcomes,
two patients from each treatment group
withdrew because of adverse events (AEs),
and one patient from each group withdrew
after the discovery of neoplasms that
were undetected at study entry. Of the 67
participants, 64 (96%) experienced an AE,
(33 [100%], in the bimagrumab group and
31 [91.2%] in the placebo group; Table E2).
The three most commonly reported AEs
with bimagrumab treatment were muscle
spasms, tightness, or twitching (~46-
79%); diarrhea (21.2%); and acne (9.1%).
Incidences of muscle spasms and muscle
tightness were significantly higher in the
bimagrumab group than in the placebo
group (P =0.011, muscle spasms; P <
0.001, muscle tightness; Fisher exact test,
two-sided); however, no other significant
differences in AE incidence were observed
between the bimagrumab and placebo

groups. In addition, nasopharyngitis
(12.1%, 4 of 33), sinusitis (9.1%, 3 of

33), and elevated liver enzymes (alanine
aminotransferase, aspartate aminotransferase,
or y-glutamyl transpeptidase) (9.1%, 3 of 33)
were reported only in the bimagrumab group.
These AEs were mild and self-limited and
resolved without treatment. Exacerbations
and chest infections were frequent AEs, as
would be expected in patients with COPD
and low muscle mass, but their prevalence
did not differ between study arms.

Discussion

The present study demonstrates that

in patients with COPD and associated

low muscle mass, ActRII blockade with
bimagrumab resulted in a significant
increase in TMV. However, the observed
hypertrophy of thigh muscles and an
increase in total LBM did not result in
significant improvement in performance on
measures of physical function, except in
regard to maximum expiratory pressure.

Critique of the Method
Overall, bimagrumab was safe and well
tolerated in this sample of patients with
COPD with lower-than-normal muscle
mass. The three most commonly reported
AEs with bimagrumab treatment—muscle
spasms, tightness, and twitching; diarrhea;
and acne—were also reported as mostly
mild in severity in a recent study of older
adults with sarcopenia (18). Physical frailty
and muscle wasting, however measured,
is a well-established predictor of hospital
admission due to acute exacerbation of
COPD (4, 31, 32). We expected that our
patients, who were selected to benefit
from an anabolic agent, would have high
rates of acute exacerbation, but it is
reassuring that the rates of exacerbation did
not differ significantly between treatment
arms. In fact, bimagrumab was proven
effective in recovery from atrophy in
animal models of steroid exposure (17),
and a high likelihood of intercurrent
exacerbation is not itself a barrier to anabolic
drug therapy.

A key rationale for this study was
that myostatin levels are increased in
the most disabled patients with COPD and
tend to decrease with strength training.
We acknowledge, however, that our study
design would have been stronger if we
had ensured that the participants had
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—@— Bimagrumab

% Change from Baseline

Placebo

Baseline 4 8
Dose 1 Dose 2

16 24

Time (Weeks)
Figure 2. Effect of bimagrumab on thigh muscle volume. ***P < 0.001, bimagrumab versus

placebo. Data are presented as mean (SE).

elevated skeletal muscle myostatin before
enrollment. However, we considered that a
muscle biopsy might slow recruitment;
moreover, because ActRIIs act as a pathway
for multiple negative regulators of muscle
mass, it is unlikely that the observed
increases in TMV and LBM were entirely
mediated by blocking the effects of
myostatin. In fact, a preclinical study

demonstrated that ActRII blockade
could induce muscle hypertrophy in a
myostatin knockout mouse, proving that
other molecules signal through those
receptors (17).

The magnitude of the anabolic
response with bimagrumab treatment
observed in this study was comparable with
those reported in a prior study in patients

—@— Bimagrumab Placebo
20
15 +
§
et
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o 10
g§
2L
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23 51
=0
o ©
2m
<
0
_5 T T T 1
Baseline 2 8 16 24
A 0
Dose 1 Dose 2
Time (Weeks)

Figure 3. Effect of bimagrumab on maximal expiratory pressure. *P =0.017, bimagrumab versus

placebo. Data are presented as mean (SE).
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with sarcopenia (18) and with reports
on prior anabolic agents used in COPD
(33, 34). In individuals with sarcopenia,
16 weeks of treatment with bimagrumab
resulted in mean peak increases of
+8.0% in TMV and of +6.0% in LBM
(18), compared with +7.8% and +3.1%,
respectively, in the present study with
patients with COPD.

Significance of the Findings

Several prior interventions have attempted
to improve functional performance in
COPD by increasing skeletal muscle mass.
Schols and colleagues performed a large
three-way trial of nutrition with and
without nandrolone, an anabolic steroid
(33). They found that the nutrition plus
nandrolone group gained LBM (mean,
1.6 kg vs. placebo), but the available data
did not support any benefits on exercise
performance (33). Casaburi and coworkers
randomized 47 men to a four-way trial of
testosterone against placebo with and
without exercise training (34). Although
the treatment group gained 2.5 kg of LBM
over placebo, the use of testosterone
without exercise training increased
strength but not endurance exercise
performance (34). Similar results were
obtained by Yeh and colleagues, in an
uncontrolled study (35), and by Ferreira
and colleagues (36). Similarly, a small
(n=16) randomized study of growth
hormone as an adjunct to rehabilitation
demonstrated an LBM gain of slightly
greater than 1 kg in favor of the treatment
group without an improvement in exercise
performance (37). Conversely, the appetite-
stimulating hormone ghrelin, used as an
adjunct to pulmonary rehabilitation, resulted
in an increased 6MWD in a small randomized
controlled trial, although without a change
in overall body weight, compared with
placebo (38).

Taken together with prior reports, the
current data indicate that anabolic agents in
isolation do not, in unselected patients with
COPD, translate increased muscle mass into
superior exercise performance. Although
the anabolic response seen in this study was
positive, there are several possibilities why
muscle-mass gains did not improve exercise
performance in the population, and these
may be insightful for the planning of future
trials, given that other anabolic agents are
emerging (39). First, in a proportion of
patients with COPD, the basis of exercise
limitation is breathlessness rather than
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Table 2. Effect of Bimagrumab on Pulmonary, Physical Performance, and Quality-of-Life Parameters at Weeks 0, 16, and 24

Bimagrumab Placebo

0 wk 16 wk 24 wk 0 wk 16 wk 24 wk
FEV4, % predicted 425 (16.4) 39.3 (16.7) 42.6 (18.4) 40.6 (15.9) 38.8 (16.5) 36.1 (16.3)
FEV4/FVC, % 36.1 (9.7) 34.5 (9.5) 36.4 (10.1) 38.9 (11.3) 40.0 (13.2) 37.3 (11.8)
Total LBM, kg 35.5 (7.8) 36.9 (8.9) 36.2 (7.9) 33.6 (6.8) 32.1 (6.3) 32.3 (6.1)
ALM, kg 15.3 3.7) 16.3 (3.8)" 15.9 (3.6)" 14.8 (3.7) 13.9 3.5) 14.0 (3.4)
6MWD, m 361 (94) 380 (84) 375 (98) 372 (92) 353 (104) 379 (82)
Stair climb, s 5.2 (1.9 4.8 (1.7) 4.9 (1.5) 4.6 (1.9 45 (1.2) 4.4 (1.2)
Timed Up and Go, s 8.8 (2.3) 8.3 (1.5) 8.6 (1.6) 8.2 (1.9) 8.3 (2.0) 8.0 (1.9)
Hand grip, RH, kg 28.9 (11.1) 31.1 (12.8) 29.6 (11.8) 27.3 (10.0) 26.2 (8.4) 25.2 (9.0
1-RM leg press, kg 58.2 (29.4) 73.5 (38.6) 72.2 (38.9) 62.0 (31.0) 60.8 (30.0) 63.8 (28.1)
MIP, cm H,O 58.5 (22.3) 61.7 (26.0) 61.6 (21.7) 58.9 (22.6) 62.0 (23.8) 57.8 (23.9)
MEP, cm H,O 84.8 (30.9) 93.9 (39.2) 96.6 (36.8)* 91.2 (38.8) 87.3 (33.7) 86.9 (33.6)
SGRQ score 52.4 (14.0) 52.0 (17.8) 50.8 (16.1) 54.2 (18.3) 51.9 (20.8) 55.2 (19.6)

Definition of abbreviations: 6MWD = 6-minute-walk distance; 1-RM = one-repetition maximum; ALM = appendicular lean mass; LBM = lean body mass;
MEP = maximal expiratory pressure; MIP = maximal inspiratory pressure; RH =right hand; SGRQ = St. George’s Respiratory Questionnaire.

Data are presented as mean (SD).

*P < 0.01 for difference between treatments.
TP < 0.001 for difference between treatments.
*P < 0.05 for difference between treatments.

skeletal muscle weakness (40, 41). Given
the lack of effect of anabolic agents on lung
function and gas exchange, one might not
expect the former group to derive as much
benefit as the latter. Second, exercise
performance might only be improved when
it is subnormal. Although the average
6MWD was reduced in the present study,
the range of 6MWD baseline values was
wide, as some participants with near-
normal 6MWD were included; future
studies should consider narrower inclusion
criteria for reduced exercise performance at
baseline. Indeed in a study of sarcopenic
seniors who had both slow gait speed and
reduced mass, bimagrumab did increase
6MWD and gait speed, suggesting this
could be a model for future studies in
COPD (18). Third, although the 6MWD
is considered a useful stratification tool
(31), it has been shown to be poorly
responsive to interventions that improve
the physiologic ability to exercise (e.g.,
bronchodilators) (42) and may be less
responsive than a constant work rate
exercise test (43). Fourth, gain in muscle
mass may be a necessary but not sufficient
condition for the delivery of improvements
in whole-body exercise performance.
Studies of isolated high-intensity training
in COPD have shown that mitochondrial
bioenergetic capacity can improve without
mass gains (44), and it may be that
concurrent exercise is required to demonstrate
improved exercise capacity. Fifth, although
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we stratified by low muscle mass, we
might have obtained greater focus on

the population of interest had we made
recent weight loss an inclusion criterion;
however, unlike (for example) patients with
cancer cachexia, most patients with COPD
are not managed in secondary or tertiary
care, so obtaining accurate sequential
weight measures is difficult.

An interesting post hoc analysis
showed significant gains in maximal
expiratory pressure in the bimagrumab
group compared with placebo at Week 24.
Unlike maximum inspiratory pressure,
where the principal determinant in
COPD is the degree of hyperinflation
(45), expiratory muscle function is
less influenced by lung volume (46).
Expiratory muscle strength is necessary
to achieve the necessary transient
supramaximal flow, which characterizes
effective cough (47). Weak expiratory
muscles are associated with chest
infection in neuromuscular disease,
and difficulty in clearing secretions is
a major cause of extubation failure in
the ICU in such cases (48). Therefore,
activin receptor blockade might be
effective in these settings, but this, of
course, requires further investigation.

Another interesting secondary
effect of bimagrumab treatment was a
significant reduction in intermuscular
and subcutaneous fat. We have previously
reported that reduced intermuscular

and subcutaneous fat is a marker of
anaerobic metabolism in COPD (49), and,
thus, ActRII blockade may be of added
value in such patients. In general, because
muscle weakness is associated with
impaired glucose tolerance in COPD
(50), this effect could potentially be
beneficial.

To conclude, substantial gains in thigh
muscle volume were observed after ActRII
blockade using bimagrumab treatment, but
these did not translate into improved
muscle and functional performance in
patients with COPD with low muscle mass
who were unstratified with respect to
exercise capacity. The current findings
provide confirmation of efficacy that
bimagrumab is anabolic in patients
with COPD. Options for demonstrating
positive results from trials of anabolic
medicines might include translating this
anabolic effect into enhanced physical
functioning by selecting populations
with impaired exercise capacity and
considering trials in combination with
aerobic exercise programs.
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