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ABSTRACT
Background  Selective androgen receptor modulators 
(SARMs) increase muscle mass via the androgen 
receptor. This phase 2A trial investigated the effects of a 
SARM, GSK2881078, in conjunction with exercise, on leg 
strength in patients with chronic obstructive pulmonary 
disease (COPD) and impaired physical function.
Methods  47 postmenopausal women and 50 men 
with COPD (forced expiratory volume in 1 s 30%–65% 
predicted; short physical performance battery score: 
3–11) were enrolled into a randomised double-blind, 
placebo control trial. Patients were randomised 1:1 
to once daily placebo or oral GSK2881078 (females: 
1.0 mg; males: 2.0 mg) for 13 weeks with a concurrent 
home-exercise programme, involving strength training 
and physical activity. Primary endpoints were change 
from baseline in leg strength at 90 days (one-repetition 
maximum; absolute (kg) and relative (% change)) and 
multiple safety outcomes. Secondary endpoints included 
lean body mass, physical function and patient-reported 
outcomes.
Results  GSK2881078 increased leg strength in men. 
The difference in adjusted mean change from baseline 
and adjusted mean percentage change from baseline 
between treatment and placebo were: for women, 
8.0 kg (90% CI −2.5 to 18.4) and 5.2% (90% CI −4.7 
to 15.0), respectively; for men, 11.8 kg (90% CI −0.5 to 
24.0) and 7.0% (90% CI 0.5 to 13.6), respectively. Lean 
body mass increased, but no changes in patient-reported 
outcomes were observed. Reversible reductions in high-
density lipoprotein-cholesterol and transient elevations in 
hepatic transaminases were the main treatment-related 
safety findings.
Conclusions  GSK2881078 was well tolerated and 
short-term treatment increased leg strength, when 
expressed as per cent predicted, in men with COPD more 
than physical training alone.
Trial registration number  NCT03359473.

INTRODUCTION
Skeletal muscle dysfunction is a common extrapul-
monary manifestation of chronic obstructive 
pulmonary disease (COPD).1 2 Both low lean body 
mass (LBM) and quadriceps weakness in COPD are 
independently associated with morbidity, hospital-
isation3 and mortality,4 as are measures of function 

related to muscle strength.5 Additionally, measures 
of quadriceps bulk6 and lower extremity function7 
also predict readmission after acute exacerbation 
of COPD. Pulmonary rehabilitation (PR) is known 
to reduce symptom burden and increase exercise 
capacity in stable patients with COPD8 9 and to 
reduce readmission after COPD exacerbation.10 
In both scenarios, PR is associated with increased 
quadriceps strength.8 11 Thus, it seems reasonable 
to speculate that a medicine which improved quad-
riceps strength might be of benefit to patients with 
COPD. If so, such a medicine could be an adjunct to 
exercise and could be of value to patients without 
access to PR. Depending on jurisdiction, barriers to 
PR include reimbursement, accessibility, uptake and 
adherence, meaning that there is <5% utilisation 
among eligible patients in many countries.12

WHAT IS ALREADY KNOWN
	⇒ There are currently no pharmacological 
options to address muscle weakness in 
chronic obstructive pulmonary disease (COPD); 
testosterone can increase quadriceps strength 
in patients with COPD but has unacceptable 
side effects and is not commonly used.

WHAT THIS STUDY ADDS
	⇒ GSK2881078, a selective androgen receptor 
modulator (SARM), had an acceptable safety 
profile. In conjunction with an exercise 
programme, and when compared with exercise 
alone, GSK2881078 improved quadriceps 
strength when measured as percentage 
predicted of the 1 repetition maximum in men 
but not women, at the end of 13 weeks of 
treatment.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ This trial showed that a SARM was well 
tolerated in people with COPD, increased lean 
body mass and has shown potential to increase 
leg muscle strength at least in men with COPD. 
Further trials with SARMs and other anabolic 
therapies are warranted to evaluate impact on 
functional endpoints and effect in women.

258    Mohan D, et al. Thorax 2023;78:258–266. doi:10.1136/thoraxjnl-2021-218360

http://orcid.org/0000-0002-7884-0726
http://orcid.org/0000-0002-1667-868X
http://orcid.org/0000-0002-3782-659X
http://orcid.org/0000-0003-1243-8571
http://dx.doi.org/10.1136/thorax-2021-218360
http://dx.doi.org/10.1136/thorax-2021-218360
http://dx.doi.org/10.1136/thorax-2021-218360
http://crossmark.crossref.org/dialog/?doi=10.1136/thoraxjnl-2021-218360&domain=pdf&date_stamp=2023-02-09
http://dx.doi.org/10.1136/thorax-2022-219586
http://dx.doi.org/10.1136/thorax-2022-219586
NCT03359473
https://www.brit-thoracic.org.uk
http://thorax.bmj.com


Skeletal muscle

Quadriceps weakness is present in similar proportions in 
men and women1 and prior studies, admittedly mostly in men, 
demonstrated the anabolic effects of testosterone13 and other 
androgens in COPD,14 a key finding being a synergistic effect 
of testosterone with resistance training.13 However, testos-
terone is rarely prescribed due to its side-effect profile. Selec-
tive androgen receptor modulators (SARMs) are a novel class 
of compounds that bind selectively to the androgen receptor 
to elicit some, but not all, of the effects of testosterone; specif-
ically SARMs increase skeletal muscle mass in both animal 
and human studies, while sparing prostate effects in men and 
virilising effects in women.15 Identified adverse class effects of 
SARMs include transient elevation of hepatic transaminases 
and reversible lowering of high-density lipoprotein-cholesterol 
(HDL-C).16 This profile makes SARMs attractive as potential 
anabolic medicines in conditions associated with cachexia, for 
example, cancer.17

In a previous study in healthy adult volunteers, the SARM 
GSK2881078 demonstrated an increase in LBM with 8 weeks 
of treatment, with a long half-life of 7 days and sex-related 
dosing differences that showed that women were more sensi-
tive to GSK2881078 (ie, gained more muscle for the same dose) 
than men.15 Here, we hypothesised that in patients with COPD 
and impaired physical function, GSK2881078 adjunctive to a 
standardised home-exercise training programme would lead to 
increased leg strength. We also assessed LBM, pharmacokinetics 
(PK), safety and efficacy of GSK2881078 in terms of functional 
and health-related quality of life (HRQoL) endpoints.

STUDY DESIGN AND METHODS
Study design and participants
This study (GSK study: 200182) was a randomised, placebo-
controlled, double-blind, parallel-group, phase 2A trial evalu-
ating the safety and efficacy of the SARM GSK2881078 in men 
and postmenopausal women with COPD.

Patients were recruited between February 2018 and June 
2019 from 13 clinical sites across the USA, UK and Germany 
(online supplemental table S1). Patients were aged 50–75 years 
with confirmed diagnosis of COPD and predicted postbron-
chodilator forced expiratory volume in 1 s (FEV1) between 
30% and 65%. A score of 1–3 on the timed 5-repetition sit-
to-stand (5STS) component of the short physical performance 
battery (SPPB) was used to confirm impaired physical function 
or muscle weakness (maximum score of 4 denotes no impair-
ment; 0 denotes a patient unable to perform the 5STS). Patients 
were either current or former smokers, with a minimum of 
smoking history of 10 pack-year, and body mass index (BMI) 
of 18–32 kg/m2. Key exclusion criteria included oral steroid use 
concurrently or within 4 weeks before the screening visit, COPD 
exacerbation requiring oral steroid treatment or hospitalisation 
4 weeks before screening, score of 0 on any SPPB component or 
other conditions/medications that could influence muscle mass 
or function.

RANDOMISATION AND DOSING
Patients were randomised (1:1) to receive either GSK2881078 
(women: 1 mg; men: 2 mg) or placebo once daily orally for 13 
weeks. All patients undertook a concurrent standardised home-
exercise programme, Respercise,18 delivered via a smartphone 
app for 13 weeks from baseline. Respercise constituted daily step 
goals and thrice weekly sets of up to four strengthening exercises 
(online supplemental materials).

Procedures
Study visits were conducted at screening, day −9, baseline 
(day 1), day 14, day 28, day 56, day 80 and day 90, with post-
treatment follow-up at day 132 (online supplemental figure 
S1). Patients who discontinued from the study for any reason 
returned for safety assessments 42 days after the last dose. The 
full schedule of study assessments can be found in the online 
supplemental table S2.

Most primary endpoints concerned safety but change from 
baseline at day 90 relative to placebo (absolute and percentage 
change) in leg strength measured by one repetition maximum 
(1-RM) leg press on a pneumatic instrument (A300; Keiser, 
Fresno, California, USA) was also a primary endpoint. Primary, 
secondary and exploratory endpoints are provided in online 
supplemental table S3.

Details of the patient experience of physical activity, disease 
impact and experience within the study, as well as additional 
procedures are given in the online supplemental material.

Statistical analysis
For all endpoints with multiple postbaseline assessment, the 
prespecified analysis plan was based on a mixed model repeated 
measures adjusted for treatment, day, treatment×day and base-
line, with day as the repeated factor. Analyses were conducted 
separately by sex. For endpoints with a single postbaseline 
assessment, analysis was based on an analysis of covariance with 
treatment and baseline as covariate. For change and percentage 
change from baseline, adjusted means and corresponding SE of 
means and 90% CI are presented for each treatment, together 
with estimated treatment differences (GSK2881078—placebo) 
and corresponding 90% CIs. The primary efficacy analysis was 
based on the ‘analysis population’ (online supplemental table S4), 
which comprised all randomised patients who received ≥1 dose 
of study medication and had a baseline and ≥1 postbaseline 
assessment of 1-RM and LBM or other functional endpoints. 
All analyses were conducted with SAS software V.9.4. Further 
details of the statistical and PK analyses are given in the online 
supplemental material.

RESULTS
Participants
Between February 2018 and June 2019, 200 patients were 
screened, of whom 97 were randomised into the study. One 
patient was randomised in error but did not receive any 
treatment. Of the 96 remaining patients, 47 females and 49 
males were randomised and dosed. The analysis population 
comprised 42 females and 46 males, with 39 females and 38 
males completing the study. The primary reasons for withdrawal 
from the study were adverse events (AEs); 2 (8%) females and 3 
(12%) males in the GSK2881078 group, and 5 (21%) males in 
the placebo group (figure 1). Baseline characteristics, including 
sex, ethnicity, BMI and FEV1 % predicted, did not differ across 
treatment groups and cohorts (table 1).

Adherence to exercise
Daily compliance with Respercise, representing mean (SD (SD)) 
percentage of participant daily data entry for treatment dura-
tion, was similar and >90% in both the GSK2881078 treatment 
arms (females: 96.4% (38.2); males: 98.3% (26.5)) and placebo 
(females: 95.1% (28.2); males: 92.0% (27.4)).

Day 90 results
Safety
GSK2881078 was well tolerated with few patients discontinuing 
treatment due to AEs (table 2).
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Skeletal muscle

Most AEs were similar in frequency across placebo and treat-
ment groups. AEs of special interest, such as cardiovascular 
effects, drug-related hepatic disorders and dyslipidaemia, were 
also similar across treatment groups. There was one case of 
benign prostatic hypertrophy in the GSK2881078 treatment 
group that was not deemed treatment related, and one case of 
acne in the female GSK2881078 cohort. Drug-related AEs for 
alanine aminotransferase (ALT) increase (female: 1 (4%); male: 
2 (8%)) and aspartate aminotransferase increase (1 (4%) in the 
GSK2881078 groups of both cohorts) were observed. There 
were two ALT increases greater than three times upper limit of 
normal (ULN) (peak ALT: 7.4×ULN and 7×ULN); one male and 
one female on treatment with GSK2881078 withdrew from the 
study at day 67 and day 28, respectively, due to ALT increase and 
both recovered promptly after treatment discontinuation. Both 
cases were asymptomatic and without concurrent bilirubin or 
alkaline phosphatase elevation. Other reported mild increases in 
ALT were transient and often decreased while continuing treat-
ment. Besides the two treatment discontinuations for elevated 
ALT, there were two other treatment discontinuations due to 
AEs that were deemed treatment-related by the investigator, and 
these were diarrhoea and pruritus. The main metabolic changes 
for patients taking GSK2881078 were reversible reductions in 
fasting glucose and HDL-C (both cohorts) and reversible eleva-
tions in LDL-C, mostly in females. Haematocrit was unchanged, 
but there was a trend toward increased platelet counts in the 

treatment group. No clinically significant difference in overall 
mean prostate-specific antigen levels between GSK2881078 and 
placebo were observed. There were no deaths and five serious 
AEs reported, but these were not considered related to treatment 
with GSK2882078.

Efficacy
Study results are summarised in table 3 and table 4. Expressed 
as per cent change from baseline, GSK2881078 increased leg 
strength in men by 7.0% (90% CI 0.5 to 13.6) but not women 
5.2% (90% CI −4.7 to 15.0); changes when expressed as 
force in kg were 8.0 kg (90% CI −2.5 to 18.4) in women and 
11.8 kg (90% CI −0.5 to 24.0) in men (figure 2A,B). Increases 
in total and appendicular LBM were observed; for total LBM 
(tLBM), the treatment difference in the adjusted mean change 
from baseline for the GSK2881078 group was 2.1 kg (90% CI 
1.3 to 3.0) for females and 2.1 kg (90% CI 1.0 to 3.3) for males 
(figure 2C,D). No relationship between change in leg strength 
and LBM was observed (online supplemental figure S2).

The treatment difference in adjusted mean change from base-
line in SPPB total score was 0.2 (90% CI −0.4 to 0.9) for females 
and 0.1 (90% CI −0.5 to 0.6) for males. In the 5STS subcom-
ponent of the SPPB, there was a difference of −1.0 s (95% CI 
−2.7 to 0.8) for females and −1.9 s (95% CI –5.2 to 1.3) for 
males. Moreover, there was no meaningful difference between 

Figure 1  CONSORT diagram. BMI, body mass index; FEV1, forced expiratory volume in 1 s; PSA, prostate-specific antigen; SPPB, short physical 
performance battery.

Table 1  Baseline patient characteristics*

Female Male

Placebo
(N=23)

GSK2881078
(N=24)

Placebo
(N=24)

GSK2881078
(N=25)

Age, mean (SD), years 64.7 (7.16) 64.2 (7.93) 64.0 (7.27) 67.2 (6.08)

Ethnicity, n (%)

 � Black or African American 0 1 (4) 2 (8) 2 (8)

 � White/Caucasian/European 23 (100) 23 (96) 22 (92) 23 (92)

BMI (kg/m2), mean (SD) 23.9 (3.93) 24.2 (3.78) 25.5 (4.22) 26.0 (4.51)

Postbronchodilator FEV1 % predicted, mean (SD) 46.2 (10.82) 49.6 (9.69) 51.2 (10.63) 48.0 (11.80)

*Baseline characteristics for the all randomised subjects who receive at least one dose of study medication.
BMI, body mass index; FEV1, forced expiratory volume in 1 s.;
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groups for 4-metre gait speed, incremental shuttle walking test 
(ISWT) or endurance shuttle walking test (ESWT). Similarly, 
GSK2881078 treatment did not result in increased average steps 
per day compared with the placebo groups: mean (SD) change 
from baseline was 786 (1440.0) steps per day for females, 
compared with −247 (756.4) steps per day with placebo and 
611.4 (1499.6) steps per day for males compared with −527.1 
(1077.7) steps per day with placebo (figure  3). There was no 
clinically relevant difference in change from baseline in respira-
tory measures such as FEV1 % predicted or sniff nasal inspiratory 
pressure or exploratory measures of handgrip strength (table 4).

Pharmacokinetics
Following multiple dose administration, mean predose drug 
concentration showed time-dependent increases from day 14 
through day 28 and day 90 with steady state achieved by approx-
imately day 56. Predose drug levels on day 90 in females (mean: 
134.6 ng/mL) with the 1 mg dose were marginally greater than 
corresponding predose drug concentration in males when dose 

was normalised from 2 mg to 1 mg on day 90 (online supple-
mental table S6).

Post-treatment follow-up period
At day 132, unadjusted mean (SD) percentage change from base-
line in leg strength for the female cohort was 16.9% (17.8) for 
the GSK2881078 group and 19.3% (20.0) for the placebo group. 
In males, these changes were 8.8% (15.0) for the GSK2881078 
group and 5.0% (11.0) for the placebo group. Post-treatment, 
at day 132, unadjusted mean change from baseline in tLBM for 
females was −0.9 kg (2.6) in the placebo group and 1.2 kg (1.7) 
in the GSK2881078 group, while for males it was −0.6 kg (1.5) 
for the placebo group and 0.8 kg (2.6) for the GSK2881078 
group (online supplemental table S7).

DISCUSSION
The SARM, GSK2881078, combined with a home-exercise 
training programme, had an acceptable safety profile when 

Table 2  Safety summary (safety population)

Frequency of events (percentage of overall group)*

Female Male

Placebo
(N=23)

GSK2881078
(N=24)

Placebo
(N=24)

GSK2881078
(N=25)

Any event 19 (83%) 20 (83%) 17 (71%) 19 (76%)

Any severe AEs 1 (4%) 3 (13%) 3 (13%) 2 (8%)

AEs leading to withdrawal 0 2 (8%) 5 (21%) 4 (16%)

Drug-related AEs leading to withdrawal 0 1 (4%) 0 3 (12%)

Drug-related AEs 1 (4%) 3 (13%) 1 (4%) 4 (16%)

Any SAEs 1 (4%) 2 (8%) 2 (8%) 0

Drug-related SAEs 0 0 0 0

Any AEs of special interest 3 (13%) 6 (25%) 5 (21%) 3 (12%)

Fatal SAEs 0 0 0 0

SAEs

 � Diverticulitis 0 0 1 (4%) 0

 � Infective exacerbation of COPD 1 (4%) 0 0 0

 � Myocardial infarction 0 1 (4%) 0 0

 � Cholecystitis 0 1 (4%) 0 0

 � Adenocarcinoma of colon 0 0 1 (4%) 0

Frequent AEs*

 � COPD 6 (26%) 7 (29%) 2 (8%) 3 (12%)

 � Nasopharyngitis 5 (22%) 2 (8%) 1 (4%) 1 (4%)

 � Arthralgia 0 3 (13%) 2 (8%) 2 (8%)

 � Muscle spasms 1 (4%) 2 (8%) 0 3 (12%)

 � Back pain 0 3 (13%) 0 2 (8%)

 � Contusion 3 (13%) 1 (4%) 0 0

 � Headache 0 2 (8%) 0 2 (8%)

 � ALT increase 0 1 (4%) 0 2 (8%)

 � Epistaxis 0 0 2 (8%) 1 (4%)

 � Hypertension 0 1 (4%) 2 (8%) 0

 � Musculoskeletal chest pain 0 1 (4%) 0 2 (8%)

 � Blood 25-hydroxycholecalciferol decreased 0 2 (8%) 0 0

 � Hypotension 0 0 2 (8%) 0

*Frequent AE is defined as occurring in a minimum of 2 patients of any sex for either arm.
AE, adverse event; ALT, alanine aminotransferase; COPD, chronic obstructive pulmonary disease; SAE, serious adverse events.
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administered in patients with COPD, stratified by functional 
limitation based on the sit-to-stand test. Treatment resulted in 
meaningful increases in LBM in males and females, accompanied 
by an increase leg strength in males, when expressed as per cent 
change. The magnitude of changes in LBM were similar to those 
observed for GSK2881078 in age-matched healthy volunteers,15 
arguing against the concept of anabolic resistance in COPD.

Critique of the method
It may be argued that our choice of endpoints is not pertinent to 
quality of life in patients with COPD (eg, compared with exer-
cise capacity). The primary aim of this study was to assess the 
safety and feasibility of SARMs as a medicine in COPD. For this 
reason, many of the endpoints related to safety, and the efficacy 
outcome was 1-RM. This is a practical test of muscle strength 
and is directly relevant to muscle cross-sectional area and thus 
the anabolic power of a medicine. In concept, it is similar to the 
maximal voluntary contraction force, but the latter is a contin-
uous variable, whereas the 1-RM is an integer variable being the 
largest weight the patient can lift and has been widely used in 
prior anabolic studies.13 It is the locomotor muscles, which are 
primarily affected in COPD and thus 1-RM is more relevant 
to physical function and quality of life than measures of body 
composition such as BMI or fat-free mass index.

Many anabolic compounds fail to demonstrate improved 
functional outcomes, whether it is the stair-climb test,19 

6-minute walk test,20 leg strength,20 21 constant work rate exer-
cise13 21 or HRQoL.13 20 21 We were similarly unable to demon-
strate improvements in functional endpoints such as the ISWT 
and ESWT, and it may require a larger study to observe an 
impact on functional outcomes, including those for which we 
saw trends to improvement especially daily physical activity (step 
counts), which, numerically, approached a clinically meaningful 
magnitude.22 23 We would highlight that this study was known to 
be not powered to generate statistically significant benefits in the 
secondary endpoints.

It might also be argued that the gain in strength that we 
observed was too small to effect outcomes. However, the 
combined effect of training and GSK2881078 in 1-RM (17.9% 
for women and 14.2% for men) using a straightforward pre–
post intervention comparison is of a similar order of magnitude 
to other interventions that were associated with increased exer-
cise capacity, including PR (14%)8 and quadriceps neuromus-
cular electrical stimulation (10.5%).24

Since we used a concurrent exercise programme, it remains 
unknown what the value of GSK2881078 used in isolation 
might be, although prior experience with testosterone suggests a 
synergistic effect of androgens and training. Since PR is known 
to be beneficial, we suggest that regulators and payers will be 
most interested in quantifying those effects of anabolic therapies 
which are additional to PR, although this might not preclude 
use of this class of compounds in patients unable to access PR if 

Table 3  Change in efficacy measures

Efficacy 
measure

Female* Male*

Placebo
(N=21)

GSK2881078
(N=21)

Treatment 
difference 
(N=21) at
day 90
(90% CI)

Placebo
(N=23)

GSK2881078
Baseline
(N=23)

Treatment 
difference (N=21) 
at
day 90
(90% CI)

Baseline 
mean (SD)†

Change at
day 90 
adjusted 
mean 
(90% CI)†

Baseline 
mean (SD)†

Change at
day 90 
adjusted 
mean 
(90% CI)†

Baseline 
mean (SD)†

Change at
day 90 
adjusted 
mean 
(90% CI)†

Baseline 
mean (SD)†

Change at
day 90 
adjusted 
mean 
(90% CI)†

1-RM (kg) 109.2
(40.12)

12.3
(5.1 to 19.6)

120.0
(45.81)

20.3
(12.8 to 27.8)

8.0
(−2.5 to 18.4)

168.8
(55.11)

14.2
(5.5 to 22.9)

202.3
(59.79)

26.0
(17.7 to 34.3)

11.8
(−0.5, 24.0)

1-RM (% 
change from 
baseline)

– 12.8
(5.9 to 19.6)

– 17.9
(10.9 to 25.0)

5.2
(−4.7, 15.0)

– 7.2
(2.5 to 11.8)

– 14.2
(9.7 to 18.6)

7.0
(0.5 to 13.6)

tLBM (kg) 36.6
(5.04)

−0.5
(−1.1 to 0.0)

36.9
(4.99)

1.6
(1.0 to 2.2)

2.1
(1.3 to 3.0)

51.4
(8.41)

−0.4
(−1.3 to 0.4)

52.4
(7.09)

1.7
(0.9 to 2.5)

2.1
(1.0 to 3.3)

SPPB score 9.5
(1.47)

0.3
(−0.2, 0.7)

9.6
(1.56)

0.5
(0.0, 1.0)

0.2
(−0.4, 0.9)

10.1
(1.20)

0.4
(0.0, 0.8)

9.9
(1.29)

0.5
(−0.5 to 0.8)

0.1
(−0.5 to 0.6)

5STS (s) 16.2
(6.51)

−1.1
(−2.2 to 0.1)

15.6
(5.14)

−2.3
(−3.3 to –0.8)

−1.0
(−2.7 to 0.8)

13.7
(2.24)

1.1
(−1.2 to 3.5)

13.9
(2.34)

−0.8
(−3.1 to 1.5)

−1.9
(−5.2 to 1.3)

4mGS (s) 4.60
(1.08)

−0.0
(−0.4 to 0.3)

4.5
(1.19)

−0.1
(−0.5 to 0.3)

−0.0
(−0.6, 0.5)

4.5
(1.06)

−0.1
(0.4, 0.1)

4.6
(1.11)

−0.4
(−0.6 to –0.2)

−0.2
(−0.5, 0.1)

ESWT (s) 224.6
(78.93)

−6.5
(−51.9 to 38.8)

316.1
(251.91)

4.6
(−45.0 to 54.1)

11.1
(−57.1 to 79.2)

253.4
(121.42)

105.1
(12.3 to 197.9)

297.0
(116.39)

−44.2
(−132.1 to 
43.6)

−149.3
(−280.6 to 18.1)

ISWT (m) 318
(106.38)

−10.5
(−35.5 to 14.4)

363.8
(144.41)

−17.2
(−42.9 to 8.4)

−6.7
(−42.7 to 29.2)

341.3
(105.41)

−7.5
(−34.2 to 19.3)

399.1
(143.75)

−42.3
(-67.6 to 
–16.9)

−34.8
(−72.0 to 2.4)

CAT score 20.2
(6.08)

−1.3
(−2.6 to 0.1)

18.1
(6.86)

−2.2
(−3.6 to –0.7)

−0.9
(−2.9 to 1.1)

17.6
(6.18)

−1.4
(−3.0 to 0.1)

16.7
(6.98)

0.8
(−0.7 to 2.3)

2.2
(0.0 to 4.5)

SGRQ-C score 48.4
(15.88)

−3.9
(−6.8 to –1.0)

41.8
(13.69)

−0.9
(−4.1 to 2.3)

3.0
(−1.4 to 7.4)

43.5
(14.89)

−1.7
(−4.9 to 1.5)

39.5
(16.69)

0.4
(−0.2.6 to 3.4)

2.1
(−2.3 to 6.5)

*Results for analysis population (N=21 each for female placebo and GSK2881078 groups and N=23 each for male placebo and GSK2881078 groups; for individual analyses, n ranged from 16 to 
23).
†Results reported as mean (SE) for baseline visits, adjusted means (90% CIs) for repeated measures mixed models for endpoints measured at more than one study time point, and as mean (90% 
CIs).
CAT, COPD Assessment Test; COPD, chronic obstructive pulmonary disease; ESWT, endurance shuttle walk test; ISWT, incremental shuttle walk test; 4mGS, 4 m gait speed; 1-RM, one-repetition 
maximum; SGRQ-C, St George’s Respiratory Questionnaire-COPD; SPPB, short physical performance battery; 5STS, five-repetition sit-to-stand; tLBM, total lean body mass.
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Table 4  Secondary and exploratory outcomes

Efficacy measure

Female* Male*

Placebo (N=21) GSK2881078 (N=21) Placebo (N=23) GSK2881078 (N=23)

Baseline† Day 90† Baseline† Day 90† Baseline† Day 90† Baseline† Day 90†

FEV1

(% predicted)
46.4 (11.19) 46.8 (11.89) 48.7 (9.53) 47.8 (9.87) 51.9 (10.19) 53.9 (10.64) 47.3 (11.73) 48.3 (13.13)

SnIP
(cm H2O)

66.5 (18.47) 66.5 (19.76) 58.1 (18.79) 57.8 (19.32) 78.7 (27.33) 80.8 (31.99) 72.2 (26.11) 75.9 (30.02)

Average steps/day 3097.6 (1571.42) 3091.6 (1747.82) 3937.1 (2790.79) 4712.9 (3398.26) 3361.4 
(2140.77)

2657.2 
(1526.58)

3603.5 (2138.55) 4591.2 (3054.74)

D-PPAC
total score

57.7 (9.50) 61.0 (11.62) 60.8 (8.20) 61.2 (12.25) 57.6 (7.53) 58.4 (7.89) 60.6 (11.00) 60.7 (12.40)

D-PPAC
amount average

49.4 (11.25) 53.0 (12.75) 49.3 (12.29) 54.2 (15.04) 45.6 (13.12) 45.7 (10.42) 52.5 (11.82) 52.3 (16.51)

D-PPAC
difficulty average

66.0 (14.42) 68.9 (15.05) 72.3 (12.22) 68.1 (16.02) 69.5 (11.84) 71.1 (12.63) 68.7 (14.68) 69.1 (16.30)

Handgrip strength 
(kg)‡

20.9 (6.99) 21.1 (5.95) 21.3 (4.72) 21.8 (6.08) 33.4 (8.88) 35.4 (8.34) 34.4 (8.17) 35.0 (7.85)

No clinically meaningful differences between GSK2881078 and placebo groups were observed for HRQoL and other patient-reported measures.
*Results for analysis population (N=21 each for female placebo and GSK2881078 groups and N=23 each for male placebo and GSK2881078 groups; for individual analyses, n 
ranged from 16 to 23).
†Values reported as unadjusted mean (SD).
‡Handgrip strength was measured using the right hand.
D-PPAC, Daily PROactive; FEV1, forced expiratory volume in 1 s; HRQoL, health-related quality of life; SnIP, sniff nasal inspiratory pressure.

Figure 2  Changes in muscle strength (A) and (B) and LBM (C) and (D). (A) and (B) Changes in muscle strength (adjusted means and 90% CI), 
measured by 1-RM percentage change from baseline at day 28, day 56 and day 90 in females (3A) and males (3B). The number of participants 
at baseline, day 28, day 56 and day 90 were: GSK2881078 1 mg: 21, 20, 18 and 18; female placebo: 21, 21, 20 and 19; GSK2881078 2 mg: 23, 
23, 21 and 20; and male placebo: 23, 22, 21 and 18. Estimates were calculated from a repeated measures mixed model, including the following 
covariates: treatment, day, treatment×day and baseline leg press strength, with day as the repeated factor. (C) and (D)Changes in tLBM, measured 
by dual-energy X-ray absorptiometry percentage change from baseline at day 28, day 56 and day 90 in females (3C) and males (3D). The number of 
participants at baseline, day 28, day 56 and day 90 were: GSK2881078 1 mg: 20, 19, 17 and 17; female placebo: 21, 21, 21 and 21; GSK2881078 2 mg: 
22, 22, 18 and 18; and male placebo: 20, 20, 17 and 15. Estimates were calculated from a repeated measures mixed model, including the following 
covariates: treatment, day, treatment×day and baseline tLBM, with day as the repeated factor. 1-RM, one-repetition maximum; LBM, lean body mass; 
tLBM, total lean body mass.

263Mohan D, et al. Thorax 2023;78:258–266. doi:10.1136/thoraxjnl-2021-218360



Skeletal muscle

efficacy could be demonstrated. A home-based programme was 
used for practicality, and although we accept that it might not 
be as effective as a supervised programme,25 such a programme 
offers the opportunity to standardise global clinical trials, and 
could potentially be offered for maintenance of benefits in 
combination with an anabolic therapy if approved. Our home-
based programme was a combined programme consisting of 
resistance and endurance training, and as such was recapitulating 
elements of PR in trying to improve both strength and exercise 
capacity, both of which are important for improving activities of 
daily living in patients with COPD; we did not study the effects 
of resistance or endurance training in isolation.

Our study is not without limitations. The relatively small 
sample size, which was further limited by separating analyses 
by gender, may have resulted in insufficient power to demon-
strate treatment superiority, making it difficult to draw defini-
tive conclusions regarding functional outcomes. The multicentre 
nature of this study may also contribute to increased variability 
in functional measures, which already are known to have 
considerably high intrasubject SD. Specifically, the study sample 
size was calculated on the basis of results from a single centre 
randomised control study in COPD, whereas in our multicentre 
study, we observed SD in the 1-RM measure of almost twice 
that of observed by Casaburi et al,13 although the variability in 
1-RM was more comparable to that observed by Polkey et al 
in their multicentre randomised control trial.20 The lack of an 
effect on disease-specific HRQoL measures suggests that more 
focused measurement of the patient experience of anabolic 
effects is required for future studies. The anabolic benefits from 
GSK2881078 may be more potent in a weaker or cachectic popu-
lation26 experiencing active weight loss, than in the population 
evaluated here. Acute exacerbations of COPD were an exclusion 
criterion for our study, and we conducted analyses including 
patients who exacerbated during the study as well as excluding 
those patients, but the latter severely limited the numbers of study 
patients for analysis. While patients with COPD with frequent 
exacerbations are among a group most likely to benefit clini-
cally from anabolic therapies,27 studying this group in shorter 
duration clinical trials, especially where study numbers are small, 
is difficult without the confounding effect of acute muscle loss 
within a short period.28 29 Although the per-protocol population 
who did not have any exacerbations requiring treatment with 
steroids was very small, it was encouraging that findings from 

this group did not materially change our conclusions (online 
supplemental table S5).

Lack of an improvement in patient-reported outcomes such 
as the St George’s Respiratory Questionnaire-COPD-specific 
version, COPD Assessment Test and Daily PROactive eDiary 
(D-PPAC) indicate that measuring HRQoL endpoints for 
anabolic therapies is complex. Increased leg strength was not 
fully reflected in these measures, which assess both a more 
holistic and more distal aspect of disease experience. Addition-
ally, in the case of D-PPAC, differential change in each of the 
domain scores may be expected23: increased activity may also 
result in an accompanying increase (worsening) in difficulty 
performing physical activity due to increased demands from 
more tasks.

Significance of the findings
Earlier SARMs did experience some problems such as liver 
enzyme disturbances; here, we confirmed that the main 
treatment-related AEs were only the known class effects of HDL 
lowering, which were fully reversible, and elevation in liver 
enzymes, which was transient in most subjects. Against this back-
ground, it is encouraging that GSK2881078 could be safely used 
in patients with COPD.

Several prior studies have evaluated anabolic steroids in 
COPD, for example,30 31 but these were not stratified by func-
tional limitation. Similarly a prior study, investigating activin 2b 
receptor blockade20 used entry criteria based on body composi-
tion rather than functional performance. Thus, this was the first 
study for an anabolic compound that selected patients based on 
physical function impairment or leg muscle weakness. 5STS was 
chosen as a stratification tool because it was strongly associated 
with quadriceps strength32 and hospitalisation3 in the ERICA 
cohort of 729 people with a wide range of COPD severity, 
suggesting that 5STS was clinically useful for discriminating 
magnitude of leg muscle weakness in patients with COPD. Our 
aim was to evaluate a strategy, which allowed room for func-
tional improvement, and yet excluded patients who were too 
frail to demonstrate improvement in a functional endpoint in 
a clinical trial setting (10% of the patients in the ERICA cohort 
were unable to perform the 5STS, while 29% of patients had 
the maximum score of 4). The 5STS has the added advantage 
of being performed in less than 5 min in the outpatient setting, 
with a standard chair and stopwatch or smartphone being the 

Figure 3  Change in daily step counts*. *Change from baseline in average daily step count measured by actigraphy at baseline, day 56 and day 90 
for placebo and GSK2881078 treatment groups for (A) females and (B) males. Participants wore an accelerometer for 7 days continuously; data were 
analysed for participants with a minimum of 8-hour daily wear time for at least 4 days. Note: the number of participants at baseline, day 56 and day 
90 were: GSK2881078 1 mg: 20, 14 and 17; female placebo: 20, 17 and 17; GSK2881078 2 mg: 21, 17 and 14; and male placebo: 20, 14 and 14. Error 
bars indicate ±SD from the mean.
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only equipment required. We, therefore, propose the 5STS as a 
screening tool for future studies of anabolic therapies enrolling 
patients with COPD, or other chronic conditions, especially 
given the lack of consensus for a clinical tool to diagnose muscle 
weakness. Consistent with this view, the SPPB and the 5STS have 
been proposed as stratification or identification tools in both the 
sarcopenia guidance33 and by the European Medicines Agency.34

As discussed in the protocol, the sample size was calculated on 
1-RM from a single-centre study of testosterone supplementa-
tion in male patients with COPD, where much less variability was 
observed. It is, therefore, encouraging that an increase in LBM 
were observed in both men and women, and that improvements 
were observed in men, although only when expressed as percent 
change from baseline rather than in kilogramme. Nevertheless, 
the trends observed for strength were favourable suggesting that 
for this outcome, and for many of the secondary outcomes, a 
statistically significant result could potentially be obtained if a 
large enough study were undertaken; data from this multicentre 
study, and that from Polkey et al, can help inform future studies 
in this regard.

The increase in leg strength and LBM demonstrated in males 
was close to that demonstrated with testosterone supplementa-
tion in males with low endogenous testosterone,13 and treatment 
effects on LBM confirm that GSK2881078 is a potent anabolic 
agent, with PK data supporting that a maximal effect for LBM 
gain was seen at the doses used. We did not see a strong rela-
tionship between increases in leg strength and increased LBM, 
however. Taken together with the prior results of a study of 
activin IIb receptor inhibition, which showed improvements 
in thigh muscle volume,20 these data suggest there that skeletal 
muscle synthesis in COPD is not a primary limitation to explain 
loss of muscle mass.

It is of value to speculate how one might use this class of 
medicine, if efficacy could be demonstrated. In this context, the 
link between poor physical performance and both admission 
and readmission should be noted. One context of use could be 
in patients discharged after AECOPD with the aim of reducing 
readmission; however, since the majority of readmissions occur 
within the first month, it is arguable that insufficient muscle 
function could be gained in time to impact this endpoint. More 
promising could be seasonal use of an anabolic medicine in the 
summer months with the aim of building muscle to reduce the 
chances of admission during the winter when infective triggers 
for AECOPD are more prevalent. This use would also be within 
the safety data described in the current study, particularly since 
due to the long half-life of GSK2881078 gains in LBM remained 
evident after 90 days dosing (ie, at day 132) in comparison to 
baseline in the treatment arm (online supplemental table S6). 
This is in contrast to continued decline of LBM below baseline 
levels in the placebo arms (online supplemental table S7).

There is unequivocal support among physicians and patients 
that muscle weakness is a problem facing a large proportion of 
patients with chronic disease, including COPD. However, there 
remains several barriers to development of suitable therapeutic 
compounds for muscle weakness. Even though SARMs, such as 
GSK2881078, have an acceptable safety profile, demonstrating 
benefit in terms of functional outcomes is difficult in smaller, 
earlier phase trials, while the absence of recognition by the regu-
lators of a validated biomarker continues to act as an obstacle 
to development of this class of compounds in COPD and other 
conditions.35

In conclusion, the SARM, GSK2881078, has an acceptable 
safety profile, and combined with a home-based exercise training 
programme, leads to increased LBM in people with muscle 

weakness and COPD. Our findings support a call for additional 
studies to assess the impact of combined SARM and exercise 
training therapy in a larger population with COPD, including 
patient-centred outcomes.

Author affiliations
1GlaxoSmithKline USA, Collegeville, Pennsylvania, USA
2The Lundquist Institute, Torrance, California, USA
3German Center for Lung Research, Giessen, Germany
4Spartanburg Medical Research, Spartanburg, South Carolina, USA
5Respiratory Medicine, University of Leicester, Leicester, UK
6Respiratory Medicine, Imperial College London, London, UK
7GlaxoSmithKline plc, Brentford, UK
8GlaxoSmithKline Research and Development, Stevenage, UK
9Department of Biostatistics and Programming, GlaxoSmithKline plc, Bangalore, India
10Department of R&D, GSK, Collegeville, Pennsylvania, USA
11Department of Respiratory Medicine, Royal Brompton Hospital, London, UK

Twitter Harry Rossiter @harrybrossiter, Rachael A Evans @REvans_Breathe, William 
Man @toplungdoc and Ruth Tal-Singer @rtalsinger1

Acknowledgements  The authors would like to thank Ann Walker, Ann Chan, Gina 
Cote and David Brock for their immense contributions to the study, as well as the 
remaining study investigators, site staff and study participants at all participating 
sites. Editorial support (in the form of writing assistance, assembling figures, collating 
author comments, grammatical editing and referencing) was provided by Alexandra 
Berry PhD, at Fishawack Indicia, UK, part of Fishawack Health, and was funded by 
GlaxoSmithKline.

Contributors  DM, MIP, HR, RT-S, AJR, and DN contributed to study conception 
and design. DM, CA, MIP, HR, HW, WM, CF and RAE contributed to data collection. 
DM, CA, HM, ST, MT, MB, SK and DN contributed to data analysis and generation of 
figures. DM and CA wrote the initial draft of the manuscript. DM is the guarantor 
of the article. All authors made critical revisions, take full responsibility for this work 
and contributed to data interpretation.

Funding  This study was funded by GlaxoSmithKline (study number: 200182). The 
funders of the study had a role in the study design, data analysis, data interpretation 
and writing of the report. HR is supported by grants from NIH (R01HL151452, 
R01HL153460, P50HD098593, R01DK122767 and P2CHD086851), the Tobacco 
Related Disease Research Program (T31IP1666), and the University of California, 
Office of the President.

Competing interests  CA, MB, HM, SK, ST, DM, MT, AJR, MCH and DN are current 
employees and shareholders of GlaxoSmithKline (GSK). CF has received grant/
research support from GSK. DM is an employee and stockholder of Genentech/Roche. 
RT-S is a former employee and current shareholder of GSK, and reports personal fees 
from Immunomet, Vocalis Health, Ena Respiratory and Teva. MIP has received personal 
payment for lectures for GSK, Genzyme Sanofi and Novartis, and his institution 
received funding from GSK for conducting this study. He reports consulting fees from 
Omniox, and is involved in contracted clinical research with Boehringer Ingelheim, 
GSK, Novartis, AstraZeneca, Astellas, United Therapeutics, Genentech and Regeneron. 
He is a visiting professor at the University of Leeds, UK. HW reports compensation 
of his employer for the conduct of the study and personal fees from AstraZeneca, 
BerlinChemie, Boehringer Ingelheim, Chiesi, GSK, Novartis and Roche, outside the 
submitted work. WM reports grants from National Institute for Health Research, 
Pfizer and the British Lung Foundation, personal fees from Jazz Pharmaceuticals, 
Mundipharma and Novartis and non-financial support from GSK, outside the 
submitted work. RAE reports grants from National Institute for Health Research, and 
personal fees from GSK, Teva, AstraZeneca and Chiesi, outside the submitted work.

Patient consent for publication  Not applicable.

Ethics approval  This study involves human participants and was approved 
by ethics committee of Schleswig-Holstein, EK/GH/AH; East of England - 
Cambridgeshire and Hertfordshire Research Ethics Committee Health Research 
Authority (18/EE/0092); Western Institutional Review Board (20172954); Schulman 
Associates Institutional Review Board (201803101); Western Institutional Review 
Board (20172954); Schulman Associates Institutional Review Board (201708994); 
Schulman Associates Institutional Review Board (201708995); Schulman Associates 
Institutional Review Board (201800249) and Schulman Associates Institutional 
Review Board (201802646). Participants gave informed consent to participate in the 
study before taking part.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  Data are available upon reasonable request. Upon 
publication, anonymised individual participant data and study documents can be 
requested for further research from www.clinicalstudydatarequest.com. The study 
protocol is available on https://www.gsk-studyregister.com/en/trial-details/?id=​
200182.

265Mohan D, et al. Thorax 2023;78:258–266. doi:10.1136/thoraxjnl-2021-218360

https://dx.doi.org/10.1136/thoraxjnl-2021-218360
https://dx.doi.org/10.1136/thoraxjnl-2021-218360
https://twitter.com/harrybrossiter
https://twitter.com/REvans_Breathe
https://twitter.com/toplungdoc
https://twitter.com/rtalsinger1
www.clinicalstudydatarequest.com
https://www.gsk-studyregister.com/en/trial-details/?id=200182
https://www.gsk-studyregister.com/en/trial-details/?id=200182


Skeletal muscle

Supplemental material  This content has been supplied by the author(s). 
It has not been vetted by BMJ Publishing Group Limited (BMJ) and may not 
have been peer-reviewed. Any opinions or recommendations discussed are 
solely those of the author(s) and are not endorsed by BMJ. BMJ disclaims all 
liability and responsibility arising from any reliance placed on the content. 
Where the content includes any translated material, BMJ does not warrant the 
accuracy and reliability of the translations (including but not limited to local 
regulations, clinical guidelines, terminology, drug names and drug dosages), and 
is not responsible for any error and/or omissions arising from translation and 
adaptation or otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Harry Rossiter http://orcid.org/0000-0002-7884-0726
Rachael A Evans http://orcid.org/0000-0002-1667-868X
William Man http://orcid.org/0000-0002-3782-659X
Michael I Polkey http://orcid.org/0000-0003-1243-8571

REFERENCES
	 1	 Seymour JM, Spruit MA, Hopkinson NS, et al. The prevalence of quadriceps weakness 

in COPD and the relationship with disease severity. Eur Respir J 2010;36:81–8.
	 2	 Mohan D, Forman JR, Allinder M, et al. Fibrinogen does not relate to cardiovascular 

or muscle manifestations in COPD: cross-sectional data from the ERICA study. Thorax 
2018;73:1182–5.

	 3	 Fermont JM, Bolton CE, Fisk M, et al. Risk assessment for hospital admission in 
patients with COPD; a multi-centre UK prospective observational study. PLoS One 
2020;15:e0228940.

	 4	 Swallow EB, Reyes D, Hopkinson NS, et al. Quadriceps strength predicts mortality 
in patients with moderate to severe chronic obstructive pulmonary disease. Thorax 
2007;62:115–20.

	 5	 Fermont JM, Mohan D, Fisk M, et al. Short physical performance battery as a practical 
tool to assess mortality risk in chronic obstructive pulmonary disease. Age Ageing 
2021;50:795–801.

	 6	 Greening NJ, Harvey-Dunstan TC, Chaplin EJ, et al. Bedside assessment of quadriceps 
muscle by ultrasound after admission for acute exacerbations of chronic respiratory 
disease. Am J Respir Crit Care Med 2015;192:810–6.

	 7	 Kon SSC, Jones SE, Schofield SJ, et al. Gait speed and readmission following 
hospitalisation for acute exacerbations of COPD: a prospective study. Thorax 
2015;70:1131–7.

	 8	 Troosters T, Gosselink R, Decramer M. Short- and long-term effects of outpatient 
rehabilitation in patients with chronic obstructive pulmonary disease: a randomized 
trial. Am J Med 2000;109:207–12.

	 9	 Griffiths TL, Burr ML, Campbell IA, et al. Results at 1 year of outpatient 
multidisciplinary pulmonary rehabilitation: a randomised controlled trial. Lancet 
2000;355:362–8.

	10	 Man WD-C, Polkey MI, Donaldson N, et al. Community pulmonary rehabilitation after 
hospitalisation for acute exacerbations of chronic obstructive pulmonary disease: 
randomised controlled study. BMJ 2004;329:1209.

	11	 Seymour JM, Moore L, Jolley CJ, et al. Outpatient pulmonary rehabilitation following 
acute exacerbations of COPD. Thorax 2010;65:423–8.

	12	 Desveaux L, Goldstein R, Mathur S, et al. Barriers to physical activity following 
rehabilitation: perspectives of older adults with chronic disease. J Aging Phys Act 
2016;24:223–33.

	13	 Casaburi R, Bhasin S, Cosentino L, et al. Effects of testosterone and resistance training 
in men with chronic obstructive pulmonary disease. Am J Respir Crit Care Med 
2004;170:870–8.

	14	 Pan L, Wang M, Xie X, et al. Effects of anabolic steroids on chronic obstructive 
pulmonary disease: a meta-analysis of randomised controlled trials. PLoS One 
2014;9:e84855.

	15	 Neil D, Clark RV, Magee M, et al. GSK2881078, a SARM, produces dose-dependent 
increases in lean mass in healthy older men and women. J Clin Endocrinol Metab 
2018;103:3215–24.

	16	 Narayanan R, Coss CC, Dalton JT. Development of selective androgen receptor 
modulators (SARMs). Mol Cell Endocrinol 2018;465:134–42.

	17	 Dobs AS, Boccia RV, Croot CC, et al. Effects of enobosarm on muscle wasting and 
physical function in patients with cancer: a double-blind, randomised controlled phase 
2 trial. Lancet Oncol 2013;14:335–45.

	18	 Yonchuk JG, Mohan D, LeBrasseur NK, et al. Development of Respercise® a digital 
application for standardizing home exercise in COPD clinical trials. Chronic Obstr Pulm 
Dis 2021;8:269–76.

	19	 Crawford J, Prado CMM, Johnston MA, et al. Study design and rationale for the 
phase 3 clinical development program of Enobosarm, a selective androgen receptor 
modulator, for the prevention and treatment of muscle wasting in cancer patients 
(POWER trials). Curr Oncol Rep 2016;18:37.

	20	 Polkey MI, Praestgaard J, Berwick A, et al. Activin type II receptor blockade for 
treatment of muscle depletion in chronic obstructive pulmonary disease. A randomized 
trial. Am J Respir Crit Care Med 2019;199:313–20.

	21	 Creutzberg EC, Wouters EFM, Mostert R, et al. A role for anabolic steroids in the 
rehabilitation of patients with COPD? A double-blind, placebo-controlled, randomized 
trial. Chest 2003;124:1733–42.

	22	 Demeyer H, Burtin C, Hornikx M, et al. The minimal important difference in physical 
activity in patients with COPD. PLoS One 2016;11:e0154587.

	23	 Garcia-Aymerich J, Puhan MA, Corriol-Rohou S, et al. Validity and responsiveness of 
the Daily- and clinical visit-PROactive physical activity in COPD (D-PPAC and C-PPAC) 
instruments. Thorax 2021;76:228–38.

	24	 Maddocks M, Nolan CM, Man WD-C, et al. Neuromuscular electrical stimulation to 
improve exercise capacity in patients with severe COPD: a randomised double-blind, 
placebo-controlled trial. Lancet Respir Med 2016;4:27–36.

	25	 Nolan CM, Kaliaraju D, Jones SE, et al. Home versus outpatient pulmonary 
rehabilitation in COPD: a propensity-matched cohort study. Thorax 2019;74:996–8.

	26	 Kwan HY, Maddocks M, Nolan CM, et al. The prognostic significance of weight loss in 
chronic obstructive pulmonary disease-related cachexia: a prospective cohort study. J 
Cachexia Sarcopenia Muscle 2019;10:1330–8.

	27	 Braeken DCW, Spruit MA, Houben-Wilke S, et al. Impact of exacerbations on 
adherence and outcomes of pulmonary rehabilitation in patients with COPD. 
Respirology 2017;22:942–9.

	28	 Spruit MA, Gosselink R, Troosters T, et al. Muscle force during an acute exacerbation 
in hospitalised patients with COPD and its relationship with CXCL8 and IGF-I. Thorax 
2003;58:752–6.

	29	 Alahmari AD, Kowlessar BS, Patel ARC, et al. Physical activity and exercise capacity in 
patients with moderate COPD exacerbations. Eur Respir J 2016;48:340–9.

	30	 Schols AM, Soeters PB, Mostert R, et al. Physiologic effects of nutritional support and 
anabolic steroids in patients with chronic obstructive pulmonary disease. A placebo-
controlled randomized trial. Am J Respir Crit Care Med 1995;152:1268–74.

	31	 Ferreira IM, Verreschi IT, Nery LE, et al. The influence of 6 months of oral anabolic 
steroids on body mass and respiratory muscles in undernourished COPD patients. 
Chest 1998;114:19–28.

	32	 Mohan D, Benson VS, Allinder M, et al. Short physical performance battery: what 
does each Sub-Test measure in patients with chronic obstructive pulmonary disease? 
Chronic Obstr Pulm Dis 2020;7:13–25.

	33	 Cruz-Jentoft AJ, Bahat G, Bauer J, et al. Sarcopenia: revised European consensus on 
definition and diagnosis. Age Ageing 2019;48:601.

	34	 European Medicines Agency. Points to consider on frailty: evaluation instruments 
for baseline characterisation of clinical trial populations, 2015. Available: https://
www.ema.europa.eu/en/documents/scientific-guideline/draft-points-consider-frailty-​
evaluation-instruments-baseline-characterisation-clinical-trial_en.pdf [Accessed 4 Apr 
2022].

	35	 Fearon K, Argiles JM, Baracos VE, et al. Request for regulatory guidance for cancer 
cachexia intervention trials. J Cachexia Sarcopenia Muscle 2015;6:272–4.

266 Mohan D, et al. Thorax 2023;78:258–266. doi:10.1136/thoraxjnl-2021-218360

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-7884-0726
http://orcid.org/0000-0002-1667-868X
http://orcid.org/0000-0002-3782-659X
http://orcid.org/0000-0003-1243-8571
http://dx.doi.org/10.1183/09031936.00104909
http://dx.doi.org/10.1136/thoraxjnl-2018-211556
http://dx.doi.org/10.1371/journal.pone.0228940
http://dx.doi.org/10.1136/thx.2006.062026
http://dx.doi.org/10.1093/ageing/afaa138
http://dx.doi.org/10.1164/rccm.201503-0535OC
http://dx.doi.org/10.1136/thoraxjnl-2015-207046
http://dx.doi.org/10.1016/S0002-9343(00)00472-1
http://dx.doi.org/10.1016/S0140-6736(99)07042-7
http://dx.doi.org/10.1136/bmj.38258.662720.3A
http://dx.doi.org/10.1136/thx.2009.124164
http://dx.doi.org/10.1123/japa.2015-0018
http://dx.doi.org/10.1164/rccm.200305-617OC
http://dx.doi.org/10.1371/journal.pone.0084855
http://dx.doi.org/10.1210/jc.2017-02644
http://dx.doi.org/10.1016/j.mce.2017.06.013
http://dx.doi.org/10.1016/S1470-2045(13)70055-X
http://dx.doi.org/10.15326/jcopdf.2020.0194
http://dx.doi.org/10.15326/jcopdf.2020.0194
http://dx.doi.org/10.1007/s11912-016-0522-0
http://dx.doi.org/10.1164/rccm.201802-0286OC
http://dx.doi.org/10.1378/chest.124.5.1733
http://dx.doi.org/10.1371/journal.pone.0154587
http://dx.doi.org/10.1136/thoraxjnl-2020-214554
http://dx.doi.org/10.1016/S2213-2600(15)00503-2
http://dx.doi.org/10.1136/thoraxjnl-2018-212765
http://dx.doi.org/10.1002/jcsm.12463
http://dx.doi.org/10.1002/jcsm.12463
http://dx.doi.org/10.1111/resp.12987
http://dx.doi.org/10.1136/thorax.58.9.752
http://dx.doi.org/10.1183/13993003.01105-2015
http://dx.doi.org/10.1164/ajrccm.152.4.7551381
http://dx.doi.org/10.1378/chest.114.1.19
http://dx.doi.org/10.15326/jcopdf.7.1.2019.0144
http://dx.doi.org/10.1093/ageing/afz046
https://www.ema.europa.eu/en/documents/scientific-guideline/draft-points-consider-frailty-evaluation-instruments-baseline-characterisation-clinical-trial_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/draft-points-consider-frailty-evaluation-instruments-baseline-characterisation-clinical-trial_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/draft-points-consider-frailty-evaluation-instruments-baseline-characterisation-clinical-trial_en.pdf
http://dx.doi.org/10.1002/jcsm.12083

	Selective androgen receptor modulation for muscle weakness in chronic obstructive pulmonary disease: a randomised control trial
	Abstract
	Introduction﻿﻿
	Study design and methods
	Study design and participants

	Randomisation and dosing
	Procedures
	Statistical analysis

	Results
	Participants
	Adherence to exercise
	Day 90 results
	Safety
	Efficacy

	Pharmacokinetics
	Post-treatment follow-up period

	Discussion
	Critique of the method
	Significance of the findings

	References




